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I. — A  Method  for  the  Direct  Production  of  Certain 
A  minoazo-compoii  nds. 

By  Raphaël  Meldola,  F.R.S.,  and  Lewis  Eynon,  B.Sc,  F.I.C. 

Tue  methods  at  présent  known  for  producing  aminoazo-compounds  of 
aminés  and  phénols  are  the  following  : 

(1)  Intramolecular  rearrangement  of  diazoamines  (the  origijial 
method  of  Mène,  Martius,  and  Griess). 

(2)  The  réduction  of  p-nitroazo  derivatives  of  aminés  and  phénols 
by  alkaline  sulphides  (Meldola,  Trans.,  1883,  43,  425). 

(3)  The  combination  of  a  diazotised  monoacetyl-diamine  wifch  an 
aminé  or  phénol  and  subséquent  hydrolysis  of  the  acetyl  derivative 
(Nietzki,  Ber.,  1884,  17,  343). 

(4)  The  application  of  Eamberger's  method — the  action  of  uitroso- 
benzene  on  aminés — to  monoacetyl-diamines  follovved  by  hydrolysis  of 
the  acetyl  derivative  (Mills,  Trans.,  1895,  67,  928). 

(5)  The  alkaline  reauction  of  nitroamines  (Haarhaus,  Annaltn, 
1865,  135,  164;  Mixter,  Amer.  Chem.  J.,  1883,  5,  283;  Nietzki, 
Ber.,  1884,  17,  345  ;  Graft",  Annalen,  1885.  229,  341  ;  Nolting  and 
Binder,  Ber.,  1887,  20,  3016  ;  Meldola  and  Andrews,  Trans.,  1896,  69, 
10  ;  Nolting  and  Fourneaux,  Ber.,  1897,  30,  2938). 

This  last  process,  which  has  been  made  the  subject  of  many  patents, 
is  especially  suitable  for  the  production  of  diaminoazo-compounds. 
VOL.   LXXXVll.  B 
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In  a  note  formerly  published  by  one  oi"  the  authors  and  W.  A. 
Williams  (Proc,  1899,  15,  196),  it  was  announced  tbat  ;>amino- 
benzeneazophenol  underwent  fission  in  the  présence  of  sodium  dichro- 
mate  and  sulphuric  acid  with  the  formation  of  benzoquinone  and  a 
diazo-chromate.  This  observation  was  originally  made  in  the  conrse 
of  experiments  having  for  their  object  the  préparation,  if  possible,  of 
azoquinones  of  the  type  : 

Thé  research  led  to  the  conclusion  that  such  compounds,  if  not  in- 
capable of  existence,  were  at  any  rate  not  formed  by  any  of  the 
methods  employed  by  us.  The  experiments  were,  however,  continued 
with  the  object  of  investigating  more  close  ly  the  crystalline  product  of 
fission  and  oxidation  obtained  as  above  desci^ibed.  As  already  stated, 
this  proved  to  be  a  mixture  of  benzoquinone  and  a  diazo-(diazonium)- 
chromate,  the  remarkable  stability  of  the  latter  making  it  appear  a 
promising  subject  of  investigation.  The  results,  although  worked  out 
some  years  ago,  hâve  not  hitherto  been  made  known. 


Decompositiœi  of  p-Aminobenzeneazophenol. 

The  aminoazo-compound  or  its  sulphate  (Meldola  and  Williams,  loc. 
cit.)  is  suspended  in  dilate  sulphuric  acid,  and  to  the  well  cooled  solu- 
tion a  strong  solution  of  sodium  dichromate  is  added  drop  by  drop, 
until  a  distinct  orange  colour  indicates  the  présence  of  an  excess  of  the 
reagent,  The  sulphate  of  the  azo-base  at  first  dissolves,  and  after 
some  hours  yellow,  scaly  crystals  are  deposited.  It  is  best  to  keep 
the  beaker  containing  the  solution  in  melting  ice  during  the  oxidation, 
and  to  employ  a  cold  saturated  solution  of  sodium  dichromate.  The 
crystalline  deposit  is  collected,  washed  with  water,  and  finally  with 
alcohol  to  remove  quinone.  When  dry,  th©  diazonium  chromate  is  very 
stable  if  kept  in  the  dark.  On  exposure  to  light,  it  gradually  becomes 
brown.  The  sait  can  be  dissolved  in  boiling  glacial  acetic  acid,  and 
the  solution,  when  rapidly  cooled,  deposits  the  unaltered  compound  in 
the  form  of  dense  orange  scales.  The  exploding  point  of  the  pure  sait  is 
144 — 148°;  the  explosion  is  not  particularly  violent,  and  is  folio wed 
by  a  cloud  of  woolly  chromium  sesquioxide. 

0-0969  gave  14-4  ce.  moist  nitrogen  at  10-25°  and  758-1  mm.  ]Sr  =  17-71. 
0-1298    „     20-25  ce.  „  „    18°        „    759-7  mm.  N  =  17-99. 

0-0876    „       0-0269  Ct^^.     Cr  =  21-0. 
0-1541    „       0-0324  CrgO!,.     Cr  =  20-99. 

NHa-C^H^-Ng-HCrO^  requires  N=  17-72.     Cr  =  21-94  per  cent. 
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The  isolation  of  a  diazonium  sait  of  such  stability  from  an  aqueous 
solution  appeavs  to  open  np  new  possibilities  with  respect  to  the  isola- 
tion of  thèse  hitherto  somewhat  unmanageable  compounds.  No  sait 
of  this  amino-diazonium  type  has,  so  far  as  we  know,  been  isolated  up 
to  the  présent  time.  A  simple  diazonium  chromate,  namely,  that 
derived  from  aniline,  was  described  many  years  ago  by  Caro  and 
Griess  {Bull.  Soc.  Chim.,  1867,  [ii],  7,  270),  and  its  use  as  an  explosive 
patented  by  thèse  authors  in  France  (Fr.  Pat.  No.  73286). 

The  composition  of  the  sait  having  been  established,  it  became 
obvions  that  a  more  direct  method  of  preparing  it  in  quantity  would 
be  to  start  from  diazotised  ;;-phenylenediamine,  Griess  having  long  ago 
pointed  eut  that  this  and  other  diamines  could  be  diazotised  in  well- 
cooled  solutions  in  présence  of  a  large  excess  of  acid  (Ber.,  1884,  17, 
607  ;  1886,  19,  319).  p-Phenylenediamine  sulphate  v?as  thus  found  by 
us  to  give  a  good  yield  of  the  above  chromate  when  suspended  in  an 
excess  of  dilute  sulphuric  acid,  diazotised  with  the  calculated  quantity 
of  sodium  nitrite  in  the  usual  way,  and  then  precipitated  by  the  addi- 
tion of  a  strong  solution  of  sodium  dichromate  to  the  ice-cold  solution 
of  the  diazonium  sulphate. 


Formation  of  Aminoazo-compounds. 

Like  ail  diazorium  salts,  the  foregoing  chromate  intei'acts  with 
aminés  and  phénols,  so  that  a  direct  method  of  producing  aminoazo- 
compounds  has  now  become  possible,  and  may  be  added  to  the  list 
of  available  processes  given  above.  As  a  test  case,  the  préparation  of 
the  ^aminobenzeneazo-;8-naphthol  described  by  one  of  the  authors  in 
1885  (Meldola,  Trans.,  1885,  47,  663)  may  be  described.  This  com- 
pound  was  originally  prepared  by  combining  diazotised  jj-nitroaniline 
with  ^-naphthol  in  alkaline  solution,  and  then  reducing  the  ^j-nitroazo- 
compound  with  ammonium  sulphide.  In  applying  the  présent  method, 
the  solid  diazonium  chromate  is  simply  added  in  small  portions  to  a  solu- 
tion containing  the  calculated  quantity  of  /3-naphthol  dissolved  in 
dilute  sodium  hydroxide,  the  contents  of  the  vessel  in  which  the  mix- 
ture is  eiïected  being  briskly  agitated  after  each  addition.  The  amino- 
azo-compound  is  immediately  precipitated,  and  the  reaction  is  practically 
complète  when  the  whole  of  the  chromate  has  been  added.  The  com- 
pound  formed  is  identical  with  that  desci'ibed  in  1885.  As  this  com- 
pound  does  not  possess  any  well  marked  spécifie  characters,  it  was 
acetylated  by  heating  for  a  few  minutes  on  the  water-bath  with  an 
excess  of  acetic  anhydride.  The  acetyl  derivative  crystallises  from 
alcohol  in  bi-ight  red  needles  melting  at  259 — 260°. 

li  2 
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0-1707  gave  0-4395  COg  and  0-0747  R.p.     C  =  70-42  ;  H  =  4-88. 
0-0670    „      7-75  ce.  moistnitrogenat  13-8°  and 772-2  mm.  ISr  =  13-83. 
0-0948    „    10-95  ce.         „         „  13-4°    „    766-3mm.  N  =  13-72. 

CgHgO-NH-CeH.-Ng-CioHg-OH   requires   C  =  7072  ;    H  =  4-92  ; 
N=  13-77  pei"  cent. 

The  same  acetylaminoazo-compovmd  is  formed  by  combining  diazo- 
ised  acet.yl-j9-p]ienylenediamine  with  yS-naplithol  in  the  usual  way. 

The  précipitation  of  crystalline  chromâtes  from  solutions  of  more 
soluble  diazonium  salts  is  a  very  gênerai  pi-operty  whieh  in  many  cases 
may  be  found  of  spécial  use,  since  no  method  for  the  direct  précipita- 
tion of  a  diazonium  sait  with  an  inorganic  acid  radicle  from  an 
aqueous  solution  has  hitherto  been  available  excepting  by  the  use  of 
the  costly  platinic  and  auric  chlorides.  The  salts  obtained  by  the 
présent  method  are  directly  available  for  ail  those  reactions  in  which 
the  présence  of  chromic  acid  is  not  prejudicial.  In  cases  where  the 
diazonium  sait  is  not  isolated,  but  combined  when  formed  in  aqueous 
solution  with  aminés  or  phénols,  as  in  ail  the  technical  processes  for 
producing  azo-colours,  the  chromâtes  obviously  offer  no  advantage. 
For  scientific  purposes,  however,  where  a  definite  quantity  of  a  di- 
azonium sait  has  to  be  brought  into  reaction  with  some  other  compound, 
we  believe  that  the  chromâtes  will  be  found  to  be  very  suitable.  We 
hâve  made  preliminary  experiments  with  many  diazotisable  bases,  and 
with  few  exceptions  the  diazonium  chromâtes  are  ail  distinctly  crystal- 
line salts  possessed  of  greater  or  lesser  stability.  Thus  the  diazon- 
ium chromâtes  of  ^:)-aminophenol,  jj-nitroaniline,  w-nitroaniline,  p-chloro- 
aniline,  ^3-bromoaniline,  acetyl-p-phenylenediamine,  aminoazobenzene, 
benzidine,tolidine,andtheethenyltriaminonaphthalenes(bothisomerides) 
hâve  ail  been  isolated.  They  hâve  not  been  studied  in  détail  as  yet 
and  we  make  thèse  results  known  by  way  of  a  preliminary  communi- 
cation, as  some  of  thèse  salts  possess  properties  which  may  make  it 
worth  while  submitting  them  to  spécial  investigation.  Their  composi- 
tion appears  to  vary  according  to  the  nature  of  the  organic  radicle 
which  they  contain.  Thus,  diazotised  jo-aminophenol  gives  a  crystalline 
sait  which  has  the  composition  of  a  normal  dichromate  : 

Calculated  for 

[HO-U6H4-No]2CroO-.  Found. 

C    31-44  31-89 

H  2-18  2-50 

N  12-23  12-75 

Or 22-71  23-35 

The  exploding  point  of  this  sait  when  pure  is  about  1 34°.  It  is  less 
stable  than  the  chromate  from  ^>phenylenediamine,  as   it  undergoes 
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décomposition  on  heating  in  glacial  acetic  acid  solution.  Some  of  the 
.salts  derived  from  other  bases  gave  results  on  analysis  which  showed 
that  they  were  complex  chromâtes. 

The  salts  are  ail  more  or  less  explosive  when  dry,  and  we  think  it 
désirable  to  call  especial  attention  to  this  point  in  order  that  caution 
may  be  exercised  by  those  who  prépare  them.  The  nitrodiazonium 
chromâtes  explode  with  very  great  violence.  None  of  the  salts  which 
we  hâve  tried  explode  by  percussion,  but  only  on  ignition.  It  is  possible 
that  some  of  them  may  find  technical  application  as  high  explosives. 

Crrv  AND  GriLDs  of  Loxdox  Technical  Collège, 

FiNSEURY. 


II. — Tlic     Diazo-reaction    in    the    Diphcnyl    Séries. 

Fart    II.     Ethoxyhenzidine. 

By  John  Cannell  Gain. 

In  an  investigation  on  the  action  of  heat  on  an  acid  solution  of  the 
diazonium  salts  derived  from  dianisidine  and  3  :  3'-dichlorobenzidine 
(Trans.,  1903,  83,  688),  it  was  shown  that  thèse  substances  behave 
very  diiïerently  from  the  corresponding  salts  derived  from  benzidine 
and  tolidine.  Whereas,  as  is  well  known,  the  diazonium  salts  prepared 
from  the  two  latter  bases  give  the  normal  diazo-reaction  and  yield  the 
corresponding  hydroxy-compounds  (diphenols)  on  boiling  with  dilute 
acid,  thus  : 

C«H,-N./C1       ^    C,H/OH        1  aH.,Me-N,-Cl       ,     C,H.,Me-OH 

,6     4      2  — ^     |b     4  and    |6     -^  -  — >     \^     ^ 

CgH^-Na-Cl  CgH.-OH  CgHgMe-N.-Cl  C^^RgMe-OH  ' 

the  yield  being  nearly  quantitative. 

A  very  différent  reaction  apparently  occurred  in  the  case  of  the 
former  pair  of  bases,  thus,  dianisidine  gave  no  trace  of  a  phénol  and 
dichlorobenzidine  yielded  only  a  vei-y  slight  amount  of  the  dichlorodi- 
phenol,  the  chief  products  being  probably  of  a  quinonoid  nature. 

The  introduction  of  a  methoxy-group  or  a  chlorine  atom  in  the 
ortho-position  to  the  amino-group  apparently  has  a  great  influence  in 
modifying  the  course  of  the  reaction,  and  it  was  obviously  of  much 
interest  to  investigate  the  piechanism  of  the  reaction  in  the  case  of  a 
similarly  mono-substituted  derivative.  A  diffîculty  at  once,  however, 
presented  itself  in  that  no  chlorobenzidine  is  known,  and  methoxy- 
benzidine  is  not  readily  procurable.  The  corresponding  ethoxy- 
benzidine  is,  however,  prepared  on  the  commercial  scale,  and  in  view 
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of  the  difficulty  of  prepai-ing  the  metlioxy-derivative  it  was  thought 
iliat  an  investigation  carried  ont  witli  the  ethoxy-compound  would  be  of 
equal  value;  and,  indeed,  the  interesting  results  obtained  hâve  confirmed 
this  anticipation. 

When  the  aqueous  solution  of  the  diazonium  sait  is  boiled  with 
dilute  sulphuric  acid,  or  when  a  current  of  steam  is  passed  through  its 
acid  solution  for  some  time,  nitrogen  is  evolved,  and,  on  cooling,  long, 
brown,  needle-shaped  crjstals  separate  ont.  After  drying,  thèse  were 
found  to  contain  sulphur  in  the  form  of  sulphviric  acid,  which  was 
easily  removed  by  treatment  with  sodium  carbonate,  the  substance 
being  therefore  a  sait  of  this  acid  with  some  base.  The  substance 
when  very  carefully  tested  for  nitrogen  by  the  sodium  method  gave  a 
négative  resuit,  but  ou  making  a  nitrogen  détermination  as  much  as 
8  j)er  cent,  was  found.  The  substance,  when  dissolved  in  water,  com- 
bined  instantly  with  ^-naphthol,  forming  an  azo-colouring  matter,  and 
its  identification  as  a  diazonium  sait  was  thus  complète.  Analyses 
showed  that  one  of  the  diazonium  groups  of  the  original  tetrazo-salt  had 
remained  unattacked  by  boiling  with  dilute  acid,  whilst  the  other  had 
been  entirely  replaced  by  the  hydroxyl  group.  This  one  diazonium 
group  is  exceedingly  stable,  whereas  the  other  is  completely  docom- 
posed  by  boiling  with  dilute  acid,  exactly  as  in  the  case  of  the 
diazonium  sait  from  benzidine.  The  question  at  once  arises  as  to 
which  diazonium  group  has  been  substituted  :  that  in  the  ethoxyphenyl 
ring  or  that  in  the  unsubstituted  nucleus.  Since  the  présence  of  the 
methoxy-group  in  the  ortho-position  with  respect  to  the  diazonium 
group  very  greatly  increases  the  stability  of  the  latter  (compare  Trans., 
1902,  81,  1438),  one  is  justified  in  concluding  that  in  the  case  of  the 
tetrazo-salt  from  ethoxybenzidine  it  is  the  diazonium  complex  next  to 
the  ethoxy-group  which  remains  unattacked  by  boiling  dilute  acid 
under  the  conditions  of  the  experiment.  It  should,  however,  be  men- 
tioned  that  prolonged  boiling  for  many  hours  also  elîects  the  décom- 
position of  this  group,  but  the  product  has  not  been  further  examined. 

The  formation  of  the  new  substance  may  therefore  be  expressed  as 
follows  : 

_  _OEt  OEt 

HS04-N<^     V/     "^N-HSO^    — >    H0< 

This  is,  80  far  as  I  know,  the  first  example  of  a  substance  containing 
two  diazonium  groups  which  undex'goes  such  a  change. 

The  diazonium  sulphate  is  exceedingly  stable,  for  when  dried  on  a 
porous  plate  it  may  be  preserved  either  in  a  desiccator  or  in  the  open 
air  for  months  without  undergoing  any  décomposition,  except  that  on 
exposure  to  the  light  it  becomes  slightly  darker  in  colour. 
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The  free  Vjase  obtained  hy  neutralisation  with  sodium  carbonate 
has  been  combined  with  différent  acids,  the  salts  of  which  are  described 
in  the  sequel,  the  détails  regarding  the  azo-derivatives  and  substitution 
products  being  reserved  for  a  future  communication. 


Expérimental. 

i'-Hydroxij-?>-eth  oxyd  iph  emjl-  i-d  lazonium  Sulphate.  — The  ethoxy- 
benzidine  used  in  thèse  experiments  was  obtained  from  Messrs.  L. 
Cassella  and  Co.,  Frankfort,  and  the  author  wishes  to  express  his 
acknowledgmeut  of  the  kindness  of  this  firm  in  providing  him  Avith 
a  quantity  of  this  material. 

The  technical  product  is  purified  by  extraction  with  benzène,  the 
pure  ethoxybenzidiue  being  obtained  from  the  filtered  solution  on 
evaporation.  This  base  is  then  diazotised  in  the  usual  way  ;  15  grams 
are  dissolved  in  hot  water,  acidified  with  40  ce.  of  concentrated  hydro- 
chloric  acid,  the  solution  cooled  with  ice  to  5°,  and  an  aqueous  solution 
of  8-7  grams  of  sodium  nitrite  added.  The  ethoxybenzidiue  is  thus 
completely  diazotised,  both  amiuo-groups  being  changed  into  diazonium 
groups.  The  diazo-solution  is  now  poured  into  a  mixture  of  60  ce.  of 
sulphuric  acid  and  120  ce  of  water,  and  heated  to  boiling,  either  over 
the  free  flame  or  by  the  introduction  of  a  current  of  steam,  until  the 
évolution  of  nitrogen  has  ceased.  This  opération  may  take  half  an 
hour.  The  hot  solution  is  allowed  to  cool,  when  long,  needle-shaped 
crystals  separate  out,  which  are  collected  and  dried  on  a  porous  plate, 
the  yield  being  about  14  grams.  The  crystals  in  this  form  are  dark 
brown,  but  when  powdered  the  product  exhibits  an  orange-brown  tint. 

The  hot  solution  may  also  be  separated  with  common  sait  when  the 
diazonium  sulphate  is  precipitated  as  a  yellow  powder.  The  diazonium 
sait  thus  prepared  may  be  reci'ystallised  from  boiling  dilute  sulphuric 
acid.  It  is  easily  soluble  in  water,  forming  a  pale  yellow  solution, 
which  combines  at  once  ^vith  "  R  sait,"  forming  a  violet  azo-compound. 

When  dried  in  the  air  on  a  porous  plate,  the  sulphate  contains  two 
molécules  oi  water,  which  are  eliminated  by  drying  in  a  desiccator 
over  sulphuric  acid  ;  the  anhydrous  sait  is  thus  obtained  without  any 
change  of  colour  being  observed.  If,  however,  the  hydrated  sait  is 
dried  at  100°,  it  turns  green  and  undergoes  décomposition. 

0-2092  gave  0-3446  CO2  and  0-0927  II.,0. 
0-2192     „     0-3620  C0._^    „     0-0859  H^^O. 
0-2051     „     0-12283  BaSO^.     8  =  8-22."' 
2-5  lost,  over  sulphuric  acid,  0-2692  Hp. 
CuHiPgN2S,2H20  requires  C  =  44-92  ; 
H^O  =  9-6  per  cent. 


c 

=  44-93; 

H 

=  4-92. 

c 

=  45-03; 

H 

=  4-35. 

H, 

0=10-7 

7. 

H 

=  4-81  ; 

S  = 

8-55  ; 
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The  anliydi'ous  sait  gave  the  t'ollowing  niimbers  : 

0-2889  gave  0-5252  CO^  and  0-1118  H,0.     C  =  49-58;  H  =  4-30. 
01963     „     0-13193  BaSO^.     S  =  9-23. 

0-2596     „      18-4  ce.  nitrogen  at  15°  and  750  mm.     N  =  8-35. 
Ci^Hj^OgNgS  requires  C  =  49-70  ;  H  =  4-14  ;  S  =  9-46  ;  N  =  8-28  per  cent. 

Both  the  hydrated  and  anhydrous  salts  dissolved  easily  in  cold 
water,  giving  a  light  yellow  solution  which,  on  the  addition  of  aqvieous 
sodium  carbonate,  yielded  a  lilac-coloured  precipitate,  this  being  soluble 
in  excess  of  alkali  to  form  a  blood-red  solution.  On  acidifyiug  with 
hydrochloric  acid,  the  lilac-coloured  compound  did  not  re-appear,  but  a 
gi-een  jirecipitate  resulted  which  Avas  insoluble  in  excess  of  acid  and 
was  not  further  examined. 

The   lilac-coloured   precipitate  thvis  obtained  is  the  free  diazonium 
hydroxide,  HO-CpH4-C6H3(OEt)-N(OH):N",  or  possibly  its  anhydride, 
ÇeH.O— ^ 
C6H3(OEt) 

This  substance  was  dried  over  suljjhuric  acid,  but  a  subséquent 
analysis  showed  that  décomposition  had  taken  place.  For  the  pré- 
paration of  the  différent  salts,  the  base  was  isolated  as  a  paste  and 
then  dissolved  in  the  hot  dilute  acid,  the  corresponding  sait  crystallis- 
ing  out  on  cooling. 

The  diazonium  chloride  crystallises  from  the  hot  solution  in  fine 
golden-brown  needles. 

0-1329  gave  0-2852  GO,  and  0-0563  H2O.     0  =  58-53;  H  =  4-70. 

0-2030     „      0-10393  AgCl.     01  =  12-66. 

0-1655     „      0-08653  AgOL     01=12-93. 

O14H13O2N2OI  requires  0  =  60-78  ;  H  =  4-70  ;  01=  12-80  per  cent. 

The  diazonium  hromide  crystallises  from  the  hot  solution  of  the  base 
in  dilute  hydrobromic  acid  in  fine  golden-yellow  needles.  After  drying 
over  sulphuric  acid,  the  sait  had  turned  brown  on  the  surface,  so  that 
the  rather  high  percentage  of  bromine  found  on  analysis  is  probably 
due  to  a  slight  décomposition. 

0-1946  gave  0-12123  AgBr.     Br  =  26-52. 

Oj^HjgOoNgBr  requires  Br  =  24-92  per  cent. 

The  diazonium  iodide  is  a  dull  yellow  powder,  which  is  still  more 
unstable  than  the  bromide  and  must  be  prepared  without  the  aid 
of  beat  by  triturating  the  base  with  cold  hydriodic  acid.  After  drying 
in  a  desiccator,  the  sait  had  become  green  on  the  surface,  this  slight 
amount  of  décomposition  accounting  for  the  high  value  obtained  in 
the  iodine  estimation. 
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0-1568  gave  0-10403  Agi.     1  =  35-84. 

Cj^HjgOgNgl  requires  1  =  34-48  per  cent. 

The  diazonium  nitrate  crystallises  from  the  hot  solution  in  clusters 
of  reddish-yellow  needles.  Like  the  sulphate  and  chloride,  it  is  fairly 
stable  and  remains  unchanged  in  the  desiccator. 

0-2162  gave  26-5  ce.  nitrogen  at  20°  and  754  mm.     N=  14-28. 
Cj^HjgO-lSTg  requires  N=  13-86  per  cent. 

The  platinichlorkle  is  obtained  as  a  canary-yellow  precipitate  on 
adding  platinic  cliloride  to  a  solution  of  the  diazonium  chloride. 

0-1 109  gave  0-0230  Pt.     Pt  =  20-74. 

(Ci4Hi202N2)2'HoPtCl6  requires  Pt  =  21-90  per  cent. 


III. — The    Sulphate    and     the    Phosphate    of   the 

Dimercurammo7iium   Séries. 

By  Prafulla  Chandka  Rây. 

The  préparation  of  dimercurammonium  nitrite,  NHggNOj,  having 
already  been  described  (Trans.,  1902,  81,  644),  it  occurred  to  me  that 
by  treating  this  compound  with  an  acid,  the  NO.^  group  would  be 
destroyed  and  the  corresponding  sait  of  the  reacting  acid  would  be 
f ormed.  It  was,  however,  f  ound  that  a  halogen  acid  completely  breaks 
up  the  molecular  structure,  giving  rise  to  double  salts  of  the  type 
2NHg2X,NH4X,  where  X  represents  a  halogen  atom  ;  but  on  sub- 
stituting  nitric  acid  for  the  halogen  acid,  the  nitrate  of  the  séries  was 
readily  obtained  {Zeit.  anorg.  Chem.,  1902,  33,  209).  It  therefore 
seemed  probable  that  an  oxy-acid  would  behave  differently  from  a 
halogen  acid. 

Acting  on  this  hint,  I  hâve  lately  treated  dimercurammonium 
nitrite  with  sulphuric  and  phosphoric  acids  i-espectively,  and  hâve 
succeeded  in  preparing  the  corresponding  salts. 

The  Sulphate. — -Dimercurammonium  nitrite  is  gently  heated  to  boiling 
forsome  time  with  dilute  sulphuric  acid,  whennitrous  fumes  are  liberated. 
As  both  the  parent  substance  and  its  derivatives  are  insoluble,  pro- 
longed  digestion  is  necessary  before  the  NOg  group  is  completely 
removed.  A  white,  bulky,  crystalline  powder  is  obtained,  which  is 
washed  free  from  the  adhering  mother  liqvior  and  dried  in  the  steam- 
oven.  The  sulphate  thus  prepared  is  soluble  in  hydrochloric  acid  and 
conforma  to  the  formula  (NHg2)2S04,H20. 
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fijund. 
Calculated.  HT  IL 

Hg  84-92  84-00  — 

N    2-97  3-26  — 

SO4 10-19  10-96  10-21 

H2O     1-92  —  — 

The  foregoing  analyses  were  made  with  différent  préparations.  The 
sait  gives  oiï  moisture  when  heated  in  a  bulb  tube. 

The  Phos2)hate.—This  sait  is  prepared  in  much  the  same  way  as  the 
sulphate  ;  it  is  only  necessary  to  lay  stress  on  the  fact  that  as  phosphoric 
acid  attacks  the  NOg  group  much  more  slowly  than  sulphuric  acid, 
continued  digestion  at  50 — 60°  for  2  to  3  days  has  been  found  to  be 
necessary. 

The  sait  is  obtained  as  a  white,  crystalline  powder,  which  is  washed 

and  dried  just  as  in  the  case  of    the  sulphate  ;    it  has  the  formula 

NHg2,H2P04.    The  analyses  given  below  were  made  with  three  distinct 

prei^aratious. 

Fomid. 

Calculated.           I.                 II.  III. 

Hg  78-30  78-54  77-4  78-07 

N 2-74           2-00  —  — 

P 6-07           6-44           6-33  — 

It  has  ail  along  been  pointed  out  that  when  mercury  is  directly 
attached  to  the  nitrogen  atom,  a  more  stable  compound  is  formed  than 
Avhen  it  is  linked  to  nitrogen  through  the  intermediary  of  an  oxygen 
atom,  and  this  is  strikingly  shown  in  the  behaviour  of  sodium  sulphate 
towards  mercuric  nitrite  and  nitrate  respectively  (Trans.,  1897,  71, 
1103).  It  is  also  well  known  that  a  haloid  of  mercury  is  attacked 
by  sulphuric  acid  with  considérable  difficulty.  The  "  nitronic  "  or 
haloid  constitution  of  the  salts  in  both  cases  goes  to  account  for  this 
résistance  of  the  SO^  ion.  In  the  dimercm-ammonium  complex,  NHgg, 
also,  owing  to  the  nitrogen  atom  being  directly  related  to  the  mercury 
atoms,  the  molecular  structure  remains  unaffected  when  the  sait  is 
subjected  to  the  action  of  an  oxy-acid,  but  at  once  succumbs  to  the 
attack  of  a  halogen  acid. 

It  is  also  of  interest  to  note  that  whiLst  both  the  hydrogen  atoms  of 
sulphuric  acid  are  replaced  by  the  group  NHg.^,  only  one  atom  of  the 
tribasic  phosphoric  acid  is  similarly  affected.  This  is  Avhat  might 
hâve  been  expected,  considering  that  in  ordinary  circumstances  even  a 
strong  base  like  caustic  soda  can  only  yield  the  disodium  phosphate. 

The  Davt-Faraday  Research  Laboratoky, 
The  Royal  Institution. 
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IV. — The  Viscosity  of  Liquid  Mixtures.     Part  II. 

Ey  Albert  Ernest  Duxstan,  B.Sc. 

In  Part  lof  this  investigation  (Trans.,  1904,  85,  817,  and  Zeit.  j'hysiol. 
Chem.^  1904,  49,  590),  I  gave  an  account  of  the  variation  of  absolute  vis- 
cosity with  concentration  in  the  cases  of  the  following  pairs  of  liquids  : 
1,  benzène — ethyl  acétate  ;  2,  ethyl  alcohol — carbon  disulphide  ;  3,  mer- 
captan — ethyl  alcohol  ;  4,  acétone — ethyl  alcohol  ;  5,  benzène — ethyl 
alcohol;  6,  benzaldehyde — ethyl  alcohol  ;  7,  ethyl  alcohol — water  ;  8, 
methyl  alcohol — water  ;  and  9,  acetic  acid — water.  The  curves  thus 
obtained  could  be  divided  into  three  classes  :  1,  sagged  curves,  approxi- 
mating  to  the  normal  (Nos.  1,  2,  3,  and  4)  ;  2,  curves  showiug  minimal 
values  of  viscosity  (Nos.  5  and  6),  and  3,  curves  giving  one  or  more 
maximal  values  of  viscosity  (Nos.  7,  8,  and  9). 

Based  on  the  fact  that  hydroxylated,  associated  liquids  such  as 
water  and  the  alcohols  hâve  a  relatively  high  value  of  viscosity,  the 
conclusion  was  deduced  that  a  maximum  point  in  a  viscosity-conceu- 
tration  curve  meant  furtber  association  proceeding  in  the  components, 
whilst  the  existence  of  a  minimum  point  pointed  to  the  opposite  view, 
nameiy,  that  some  dissociation  had  resulted.  Further  experiments  bear 
out  the  conclusion  arrived  at  in  the  former  paper. 

The  apparatus  has  been  modified  in  variovis  ways  with  the  resuit  that 
a  higher  degree  of  accuracy  has  been  attained.  A  large  copper  rect- 
angular  tank  provided  with  Windows  is  usei  as  the  bath.  The  viscometers 
are  mucli  larger  and  are  employed  in  duplicata,  one  for  mixtures  of  high, 
and  the  other  for  those  of  low  viscosity.  Larger  spécifie  gravity  tubes 
hâve  been  employed,  having  a  capacity  of  10  ce,  The  liquids  used, 
whicli  were  obtained  from  Kahlbavim,  hâve  been  carefully  rectified  and 
fractionated,  and  the  components  of  the  varions  mixtures  hâve  been 
weighed  out  to  the  milligram. 

Expérimental. 
1.  Alhjl  Alcohol  (sp.  gr.  0-8500  at  2570°)  and  Water. 

The  curve  afforded  by  this  pair  of  liquids  is  of  precisely  the  same 
form  as  was  given  by  ethyl  alcohol — water  and  methyl  alcohol — water. 
There  is  a  very  well-marked  maximum  at  51 — 52  per  cent,  of  allyl 
alcohol  corresponding  with  1  allyl  alcohol,  3  water  ;  at  this  point,  the 
viscosity  of  the  mixture  is  0'01895,  or  about  twice  that  of  water.  It 
is  somewhat  remarkable  that,  in  the  tsvo  cases  just  quoted,  there  are 
also  maxima  at  1  alcohol,  3  water. 

There  is  also  a  distinct  indication  of  a  diseontinuity  at  40  per  cent. 
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of  allyl  alcoliol  ;   at  this  concentration,  the  inolecular  proportions  ar( 
1  allyl  alcohol,  5  water. 

Ally 


yl  iilcoliul. 

Allyl  aleohol. 

%• 

V- 

/o- 

V- 

0-0 

0-00891 

47-31 

0-01887 

100  0 

0-012.32 

47-82 

0-01891 

14-06 

0-01349 

48-56 

0-01892 

25-98 

0-01682 

56-63 

0-01891 

33-70 

0-01789 

65-00 

0-01796 

35-53 

0-01834 

69-56 

0-01750 

36-53 

0-01846 

83-20 

0-01537 

45-21 

0-01888 

46-88 

0-01895 

2.  n-1'ropyl  Alcohol  (sp.  gr.  0-8009  at  2574°)  and    Water. 

Again,  as  in  previous  cases  of  alcoliolic  solution  in  water,  a  very 
great    rise    in    viscosity  takes   place  on  mixing  the  components.     A 

FiG.   1. 


i 


20        30         40        50        60 
Percciitagr  comiJosition . 


80        90     100 


clearly    marked    maximum    occurs    at    61 — 62   per    cent,   of   7z-propyl 
alcoliol,  corresponding  with  1  propyl  alcohol,  2  water. 

At  this  point,  the  viscosity  of  the  mixture  is  0-02725,  which  is  not 
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so  far  removed  froni  that  of  the  alcohol  as  appears  from  the  curves  foi- 
methyl  and  ethyl  alcohols. 

The  viscosities  of  methyl,  ethyl,  and  propyl  alcohols  are  0'005564, 
O'OlllS,  and  001 962  respectively,  whereas  the  maximum  values  for 
the  corresponding  mixtures  in  water  are  O'OlôOO,  002368,  and 
0-02725. 


7i-Propyl  alcohol. 

«-Propyl  alcohol. 

%• 

V- 

%• 

V- 

0-0 

0-00891 

43-40 

0-02616 

8-55 

0-01289 

52-90 

0-02686 

9-29 

0-01312 

53-58 

0-02707 

22-61 

0-01982 

64-94 

0-02703 

•24-91 

0-0-2047 

69-40 

0-02620 

25-59 

0-02110 

69-87 

0-0-2605 

28-31 

0-02188 

79-43 

0-02450 

35-15 

0-0-2456 

83-89 

0-02364 

36-42 

0-02438 

86-60 

0-02311 

100-0 

0-01962 

3.   Gli/col  (sp.  gr.  1-1110  at  2570°)  and  Water. 

Contrary  to  expectatiou,  this  mixture  did  not  provide  a  curve 
which  agreed  with  those  afforded  by  other  hydroxylated  compounds 
in  aqueous  solutions.  A  few  preliminary  expei'iments  with  glycerol 
also  gave  négative  results  and  were  abandoned.  Graham  in  his 
classical  paper  on  viscosity  found  a  similar  occui'rence  with  glycerol 
(compare  Trans.,  loc.  cit.).  So  far  from  further  association  taking 
place,  the  reverse  is  indicated.  It  is  quite  possible  that  this  substance, 
being  already  greatly  associated  in  conséquence  of  its  two  hyda-oxyl 
groups  (as  is  shown  by  its  very  high  coefficient  of  viscosity),  is  broken 
down  by  the  water  into  simpler  complexes.  It  would,  therefore,  be 
interesting  to  ascertain  the  magnitude  of  its  '*  molecular  weight  " 
at  varying  concentration,  using  the  dépression  of  freezing  point  of 
the  aqueous  solutions. 


Glycol. 

Glycol. 

%. 

V- 

%• 

V- 

0-0 

0-00891 

60-84 

0-04488 

14-11 

0-01258 

69-52 

0-06-227 

33-11 

0-01621 

75-64 

0-09'202 

45  13 

0-02860 

100-0 

0-1733 

49-55 

0  03199 

The  greatest  divergence  from  the   normal  occurs   at   about   6-4   per 
cent,  of  glycol,  this  point  corresponding  with  1  glycol,  2  water. 
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4.    Lactic  Acid  (sp.  gr.  1-2060  at  25°/4°)  and  Water. 

This  hydroxy-acid  has  a  différent  behaviour  from  that  of  acetic  acid. 
No  maximum  point  is  observed,  whereas  that  of  acetic  acid  is  markedîy 
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prominent.  On  the  contrary,  a  very  sagged  curve  is  obtained,  giving 
a  maximal  divergence  with  about  70  per  cent,  of  lactic  acid,  corre- 
sponding  with  1  lactic  acid,  2  water, 

Again,  it  seems  probable  that  this  very  viscous,  dihydroxylated 
substance  breaks  down  in  the  présence  of  water  to  a  simpler  com- 
plex,  as  was  noticed  in  the  case  of  glycol  and  glycerol. 
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Lactic  acid.  Lactic  acid. 

%.  V.  %.  V. 

0-0  0-00891  43-98  0-02733 

12-76  0-01186  53-30  0-03591 

21-71  0-01455  60-24  0-03621 

30-85  0-01849  75-75  0-07995 

33-69  0-01782  lOO'O  0-4033 

34-76  0-02026 


5.  Benzène  and  Acetic   Acid   (sp.   gr.   U-8738   and    1-047   at   25°/4° 
respective]  y). 

Considering  tlie  fact  that  acetic  acid  in  benzène  solution  gives 
abnormal  resnlts  for  tlie  dépression  of  freezing  point,  leading  to  the 
supposition  that  it  contains  double  molécules,  it  seemed  of  interest  to 
study  the  behaviour  of  mixtures  of  thèse  substances  from  the  stand- 
point  of  viscosity,  parti  cularly  as  mixtures  of  benzène  and  ethyl 
alcohol  afford  a  minimum  point  (Trans.,  loc.  cit.). 

A  spécimen  of  pure  acetic  acid  had  been  previously  obtained  by 
freezing  out  some  of  Kahlbaum's  acid.  This  boiled  at  117-87752  mm., 
and  by  the  freezing  point  method  was  found  to  contain  99 '9  per  cent, 
of  acetic  acid.  It  was  thought  that  this  very  small  trace  of  impurity 
would  not  affect  the  results  to  any  appréciable  extent. 

The  benzène  used  -was  supplied  by  Merck  ;  it  was  distilled  over 
sodium  and  boiled  entirely  between  80°  and  81°.  Alternate  readings 
from  two  stop-watches  were  taken  in  ail  the  following  experiments, 
and  they  hâve  been  found  to  agrée  to  a  very  satisfactory  extent.  The 
ttme  of  flow  for  benzène  is  only  3'25",  so  that  an  accuracy  gx'eater 
than  1  in  the  third  place  of  décimais  is  scarcely  attainable. 

A  distinct  minimvim  was  obtained  at  89  per  cent,  of  benzène  corre- 
sponding  with  5  benzène,  1  acetic  acid,  This  minimal  value  is  2  per 
cent,  below  that  for  acetic  acid  and  seems  to  indicate  a  cei-tain  amount 
of  dissociation.  By  the  freezing  point  method,  a  distinct  tendency  is 
shown  for  the  formation  of  complex  molécules  (compare  Walker,  Intro- 
duction to  Physical  Chemistry,  p.  204). 


Grams    of    acetic    acid    in 

100  grains  of  benzène 0-465         1-195         2-321         4-470         8-159 

Molecular  weight   , 110  115  117  122  129 

It  is  not  known,  however,  what  is  the  molecular  complexity  of  pure 
acetic  acid  in  the  liquid  condition  and  at  the  ordinary  température. 
It  is  quite  possible,  however,  that  its  complexity  is  greater  than 
^(i^^O.^,  for  instance,  so  that  although  in  dilute  solution  in  benzène 
it  is  approximately  bimolecular,  yet  this  condition  may  resuit  from  the 
breaking  down  of  a  more  complex  molécule. 
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0  0 

0-01174 

16-74 

0  008932 

34-93 

0-007341 

48-29 

0-006658 

77-26 

0-005969 

Benzène. 

%. 

81  -42 

89-73 

97-25 

100-0 


V- 
0-005962 
0-005907 
0-005941 
0-005978 


6.   Benzène  and  n-Propi/l  Alcohol  (sp.  gv.  0-8728  and  0-8009  at  2574° 
respectively). 

ïhe  foregoing  resuit  -witli  benzène  and  acetic  acid  and  tbe  pre-^dous 
case  of  benzène  and  etbyl  alcobol  made  it  ot  interest  to  investigate 
otbei'  benzène  solutions.  Althougb  "with  benzène  and  ?i-pi'opyl  alcohol 
the  minimum  is  not  so  well  marked,  it  clearly  exists,  being  about 
1  per  cent,  below  the  value  for  benzène.  It  occurs  at  9.5  per  cent,  of 
benzène,  corresponding  -with  12  benzène,  1  propyl  alcohol. 


?i-Propyl  alcohol. 

71- Propyl  alcohol. 

%• 

■n- 

%• 

■n- 

0-0 

001962 

89-99 

0-005989 

33-10 

0-01167 

95-07 

0-005917 

70-22 

0-0070-28 

1000 

0-00-5978 

Preliminary  expérimenta  with  mixtures  of  benzène  and  methyl 
alcohol  gave  similar  results. 

Summary. 

Hydroxylated  compounds  give  abnormal  results,  but,  in  the  case  of 
polyhydroxylated  liquids  this  abnormality  does  not  exist,  probably 
because  of  the  large  degree  of  association  originally  existing  in  such 
substances.  Discontinuities  in  the  curves  locate  themselves  at  or  near 
points  of  definite  molecular  composition,  and  this  occurs  so  frequently 
that  one  is  compelled  to  recognise  the  existence  in  solution  of  mole- 
cular aggregates  such  as  1  ethyl  alcohol,  3  -water. 

On  the  other  hand,  abnormalities  occur  when  hydroxylated  substances 
are  dissolved  in  benzène,  but  hère  they  are  opposite  in  nature, 
minimum  points  being  obtained,  a  fact  which  indicates  that  the  mole- 
cular complexes  are  disturbed  in  this  solvent,  although,  in  the  case  of 
organic  acid.  the  soluté  is  not  broken  down  to.the  monomolecular 
condition, 

At  présent  there  is  no  well-defined  molecular  constant  of  viscosity, 
owing  perhaps  to  the  large  variation  of  viscosity  with  température  and 
the  difficulties  of  finding  corresponding  températures,  and  consequently 
it  is  not  possible  to  find  the  molecular  condition  of  a  liquid  by  deter- 
mining  its  coefficient  of  viscosity,  but  from  a  qualitative  point  of  view 
it   is  obvious   that  associated   substances  are  more  viscous  than   mono- 
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molecular  substances.  That  there  is  a  distinct  diiïei-ence  between  the 
two  classes  of  substances  niay  be  seen  from  the  following  table,  which 
gives  the  quotient  of  molecular  volume  by  viscosity  for  the  différent 
compounds  : 

Methyliilcohol...      7240>> 

Ethyl  acétate 29700^     ,.  Ethyl         ,,       ...     49-30 

Benzène. 15300  I     ^y^^°-  Water     2020  [  A.^sociate.l 

Carbon  disulphide..  16600  ('"'"^^^^.'V  BenzaLiehyde  ...     6840  1     liquids. 

Ethyl  raercaptan  ...  -35400 j    ^^'^l^"'^''-         Acétone 23400 

Acetic  acid    4970^ 

Taking  into  account  the  foregoing  considération,  it  is  quite  clear  that 
{with  the  exception  of  acétone)  the  associated  liquids  stand  in  a  class 
by  themselves  (compare  Thorpe  and  Eodger,  J.  P/til.  Trans.,  1894,  II., 
A.  185). 

The  author  iutends  to  extend  this  research  to  other  hydroxylated 
compounds. 

Owen's  School, 

islingtox.  n. 


V. — The  Comhination  of  Mercctptans  with  Olejlnic 
Ketonic  Compounds. 
By  Siegfried  Ruhemanx. 

SiNCE  Baumann  carried  out  bis  important  researchcs  on  the  jner- 
captoles,  it  has  been  Posner  especially  who  lias  studied  the  interaction 
of  mercaptans  with  ketones  and  has  applied  it  to  olefinic  ketones  [Ber., 
1901,34,  1395;  1902,  35,799;  1904,  37,  502).  His  experiments 
led  to  the  resuit  that  mercaptans,  besides  condensing  with  the  ketonic 
group  of  the  mono-olefinic  ketones,  also  became  attached  to  the  ethylene 
linking,  and  thus  yielded  trithio-compounds,  for  instance  : 

CeHj-CHIOH-CO-CHg  +  SCgHi^-SH  = 

C,H,-CH(S-C,Hj,)-CH,-C(S-C,H,,)2-CH3. 

He  arrived,  however,  at  the  conclusion  that,  although  the  mercaptans 
united  by  addition  with  ail  the  mono-olefinic  ketones,  the  tendency  of 
the  mercaptole  reaction  to  take  place  was  diminished  if  the  ketonic 
group  was  adjacent  to  the  ethylenic  linking.  This  inhibiting  influence 
of  the  ethylenic  linking  he  found  to  increase  with  the  accumulation  of 
alkyl  group.'^,  especially  of  phenyl  radicles  in  the  olefinic  ketone.  Thus, 
benzylidenedeoxybenzoin,  CgH5-CH.'C(CgH5)-CO-CgH5,  he  sliowed,  did 
not  form  a  mercaptole,  the  mercaptan.s  simply  combining  additively  at 
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the  ethylenic  lînking.    Posner  further  stated  that  diolefinic  ketones  of 

Il  II 

the  type  ÇIC'CO'C!Ç  yielded  additive  products  with  2  molécules  of  the 

mercaptans  ;  sometimes,  however,  along  with  the  additive  change, 
the  mercaptole  reaction  took  place,  but  the  tetrathio-compounds  thus 
formed    on    oxidation    were    transformed    into    ketodisulphones.     His 

I.  I    I    1 
experiments  on  diolefinic  ketones  containingthe  groupingÇ!C*CIC'CO- 

led  him  to  the  view  that  they  do  not  form  mercaptoles,  but  additive 
products  with  2  molécules  of  mercaptans. 

To  bring  about  the  action  of  mercaptans  on  the  olefinic  ketones, 
Posner  either  used  hydrogen  chloride  alone  or  employed  this  agent 
together  with  zinc  chloride  in  order  to  facilitate  the  condensation  of 
the  mercaptans  with  the  ketonic  group.  With  the  view  of  preventing 
tbe  mercaptans  from  reacting  with  the  ketonic  group  and  to  effect  only 
the  combination  of  the  mercaptans  with  the  olefinic  ketone,  I  hâve 
chosen  bases  as  catalytic  agents  instead  of  hydrogen  chloride.  In  my 
first  experiments,  sodium  ethoxide  was  employed,  but  I  hâve  found 
since  that  piperidine  acts  more  promptly  ;  the  reaction  takes  place 
with  development  of  beat,  yielding  additive  products  only.  Thèse 
substances  do  not  give  a  coloration  with  ferrie  chloride,  they  dissolve 
in  cold  concentrated  sulphuric  acid,  forming  yellow  or  orange  solutions. 
On    applying    this    reaction    to    a    diolefinic    ketone    of    the    type 

Il  I     ! 

1  :  ÇIC'C0*C:C,  namely,  dibenzylideneacetone,  I  find  that  either  1   or 

2  molécules  of  a  mercaptan  may  become  attached.     With  regard  to 

the    action    of    mercaptans    on    diolefinic    ketones    of    the    type  II  : 

I     I    I    I 
ÇlC*C*0*CO-,  I  arrive,  however,  at  a  resuit  which  differs  from  that 

which  Posner  has  obtained.  As  mentioned  before,  he  found  that 
cinnamylideneacetone  as  well  as  cinnamylideneacetophenone  under  the 
influence  of  hydrogen  chloride  takes  up  2  molécules  of  a  mercaptan, 
whilst  I  find  that,  on  using  piperidine  as  catalytic  agent,  cinnamyl- 
ideneacetophenone, an  example  of  the  type  of  ketones  hitherto 
examined  by  me,  united  with  1  molécule  only  of  either  phenyl  or 
isoamyl  mercaptan.  It  would  therefore  seem  that  the  additive  action 
of  mercaptans  on  cinnamylideneacetophenone  and  olefinic  ketones  of 
similar  constitution  varies  according  as  hydrogen  chloride  or  piperidine 
is  used  as  catalytic  agent.  I  may,  however,  point  out  that  if  Posner's 
results  are  correct,  the  action  of  mercaptans  would  differ  niost 
markedly  from  the  behaviour  of  other  compounds  towards  olefinic 
ketones.  Knoevenagel  {Ber.,  1901,  37,  4038),  for  instance,  has  lately 
shown  that  although  diolefinic  ketones  with  the  grouping  I,  on  treat- 
ment  with  potassivim  hydrogen  sulphite,  yield  bishydrosulphonic  acids, 
those   of   type    II  unité   with   1  molécule   of   the   hydrogen  sulphite 
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only.  But  the  following  fact  induces  me  to  doubt  the  correctness  of 
Posner's  results.  With  one  exception,  he  records  only  the  analyses 
and  properties  of  disulphones  which  he  obtained  by  the  oxidation  of 
the  products  of  the  union  of  mercaptans  with  cinnamylideneacetone 
and  cinnamylideneacetophenono  respectively.  The  additive  compound 
described  by  him  {Ber.,  1904,  37,  510)  is  the  substance  which  he  pre- 
pared  from  cinuamylideneacetophenone  and  phenyl  mercaptan,  and 
from  the  estimation  of  sulphur  he  concludes  that  it  has  the  formula 
C6H,-CH(S-C6H5)-CH2-CH(S-CgH^)-CH"^-CO-CeH5.  The  melting  point 
(102^)  of  this  substance,  however,  closely  agrées  with  103 — 104°,  which 
I  find  to  be  the  melting  point  of  the  product  of  the  reaction  of  piperi- 
dine  on  the  mixture  of  the  ketone  and  the  mercaptan.  I  hâve  proved 
that  the  formula  for  this  product  is 

CeH5-CH:CH-CH(S-C6H5)-CH2-CO-0,.H5, 
and,  moreover,  having  repeated  Posner's  experiment,  I  hâve  ascertained 
that  the  compounds  obtained  by  the  two  methods  are  identica). 

The  constitution  of  the  substance  which  is  formed  from  cinnamyl- 
ideneacetophenone  and  phenyl  mercaptan  may  be  expressed  either  by 
the  formula  : 

I.  CeH5-CH:CH-CH(S-CgH5)-OH2-CO-C^H5, 

or,  in  the  light  of  Thiele's  hypothesis,  it  may  be  formulated  as  follows  : 

II.  CsH5-CH(S'OeH5)-CH:CH-CH2-CO-C6H5. 

I  am,  however,  inclined  to  attribute  to  it  the  former  formula,  and  the 
analogous  constitution  to  the  substance  which  I  hâve  obtained  from 
cinuamylideneacetophenone  and  ^soamyl  mercaptan,  because  both 
additive  compounds  dissolve  in  cold  concentrated  sulphuric  acid,  yield- 
ing  a  deep  red  solution,  as  do  the  diolefinic  ketone  itself  and  cinn- 
amylidenemalonic  acid  and  cinnamylideneacetylacetone, 

Finally,  it  may  be  mentioned  that  the  olefinic  ketones  seem  to 
react  not  only  with  mercaptans,  but  also  with  hydrogen  sulphide.  As 
yet,  I  hâve  examined  only  the  behaviour  of  this  gas  towards  benzyl- 
ideneacetylacetone  in  the  pi-esence  of  sodium  ethoxide,  and  hâve 
found  that  thiobenzaldehyde  is  produced.  Its  formation  is  most  likely 
the  resuit  of  the  décomposition  of  the  first  formed  additive  product, 
and  takes  place  thus  :  C6H5-CH(SH)-CH(CO-CH3)2  =  CgH5-CHS  + 
CH2(CO-CH3)2.  This  reaction,  therefore,  rosembles  the  transforma- 
tion of  the  additive  products  of  olefinic  ketones  with  primary  organic 
bases  (Ruhemann  and  Watson,  Trans,,  1904,  85,  1170). 
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Expérimental. 

Action    of  Mer  cap  tan  s   on   Mono-olefinic   Ketonic 
C  0  mj)ounds. 

Fhe7ujltMolbenzijlacetone,G^'H^-CH{S'C^'H^y  CH^'CO-Cn^. 

Benzylideneacetone  (2-6  grams)  dissolves  in  slightly  -warm  phenyl 
mercaptan  (2  grams).  On  adding  2 — 3  drops  of  piperidine  to  the 
solution,  it  becomes  hot,  and  in  a  short  time  sets  to  a  hard  solid. 
This  is  sparingly  soluble  in  light  petroleum  (b.  p.  50 — 60°)  and  crys- 
tallises  from  its  solution  in  dilute  alcohol  in  colourless  needles 
which  melt  at  58—59°. 

0-2018  gave  0-5545  CO^  and  0-1155  H.O.     C  =  74-93  ;  H  =  6-35. 
CieHjgOS  requires  C  =  75-00  ;  H  =  6-25  per  cent. 

This  substance  dissolves  in  cold  concentrated  sulphuric  acid,  yielding 
a  green  solution  with  a  red  fluorescence,  but  the  colour  slowly  changes 
to  red. 

Ethyl  Phenylthiolhenzylacetoacetate, 
C6H5-CH(S.C,H5)-CH(CO-CH3)-CO,-C2H,. 

The  union  of  phenyl  mercaptan  with  ethyl  benzylideneacetoacetate 
lias  been  brought  about  by  means  of  a  small  quantity  of  an  alcohol ic 
solution  of  sodium  ethoxide.  When  this  is  added  to  the  mixture  of 
the  mercaptan  (2  grams)  and  the  freshly  distilled  ketonic  ester 
(4  grams),  the  reaction  takes  place  with  development  of  beat,  and, 
when  cold,  the  whole  solidifies.  The  substance  readily  dissolves  in 
alcohol,  chloroform,  ether,  or  carbon  disulphide,  with  diificulty,  how- 
ever,  in  light  petroleum,  and  crystallises  from  this  solution  in  colour- 
less needles  which  melt  at  72 — 73". 

0-2025  gave  05165  CO2  and  0-1146  HgO.     C  =  69-56;  H  =  6-28. 
C19H20O3S  requires  0  =  69*51  ;  H  =  6-10  per  cent. 

The  solution  of  this  compound ,  in  cold  concentrated  sulphuric  acid 
is  orange. 

EthyUhiolbenztjlacetylacetone,  C6H5-CH(S-C.^H5)-OH(CO-CH3),. 

Benzylideneacetylacetone  (3  grams)  interacts  with  ethyl  mercaptan 
(1  gram)  on  adding  a  few  drops  of  an  alcoholic  solution  of  sodium 
ethoxide.  The  solid  which  is  formed,  is  washed  with  water  and  dis- 
solved  in  hot  dilute  alcohol  ;  the  solution,  on  cooling,  deposits  colour- 
less, silky  needles,  which  melt  at  75 — 76°  and  dissolve  in  cold  concen- 
trated sulphuric  acid,  yielding  a  light  yellow  solution. 
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0-2003  gave  0-4943  COo  and  0-1335  H^O.     C  =  67-30;  H  =  7'40. 
Cj^HjPaS  requires  C  =  67-20  ;  H  =  7-20  per  cent. 

ISO  A, nyhhiolbpnzi/lacetylaceto  ne,  C^,H5-CH(S-U5H^J-CH(CO-CH3)2. 

The  union  of  benzylideneacetylacetone  (1-8  grams)  and  tsoamyl 
mercaptan  (1  gram)  lias  beeu  eiïected  by  sodium  ethoxide  di^solved  in 
alcohol.  The  solid,  which  is  produced  after  a  few  hours,  dissolves  in 
boiling  light  petroleum,  and,  on  cooling,  crystallises  in  colourless 
needles  which  melt  at  57 — 58°. 

0-2018  gave  05159  COg  and  0-1495  Rf>.    C  =  69-85  ;  H  =  8-24. 
C3-H24O0S  requires  0  =  69-86  ;  H  =  8-22  per  cent. 

The  solution  of  this  substance  in  cold  concentrated  sulphuric  acid  is 
yellow. 

Benzylthiolbenzylacetylacetone,  CgHj,-CH(S-CH2-CgH5)-CH(CO-CH3)2. 

This  compound  is  formed  on  adding  a  few  drops  of  sodium  ethoxide 
dissolved  in  alcohol  to  the  mixture  of  benzylideneacetylacetone 
(3  grams)  and  benzyl  mercaptan  (2  grams).  The  white  solid,  which 
séparâtes  on  stirring,  readily  dissolves  in  hot  alcohol,  and,  on  cooling, 
crystallises  in  colourless  prisms  which  melt  at  77 — 78^  and  dissolve  in 
cold  concentrated  sulphuric  acid,  yielding  a  deep  yellow  solution. 

0-2024  gave  0-5429  CO^  and  0-1175  H.p.     0  =  7315  ;  H  =  6-45. 
CigïIgoO^S  requires  C  =  73-08;  H  =  6-41  per  cent. 

Phenylthiolbenzylacetylacetone,  CgH5-CH(S-C6Hg)-CH(CO-CH3)o. 

On  adding  a  small  quantity  of  sodium  ethoxide  dissolved  in  alcohol 
to  the  mixture  of  phenyl  mercaptan  (3  grams)  and  benzylideneacetyl- 
acetone (5  grams),  heat  is  developed,  and  the  whole  becomes  solid. 
This  product,  after  washing  with  a  little  cold  alcohol,  is  dissolved  in 
boiling  alcohol  ;  the  solution,  on  cooling,  deposits  colourless  needles, 
which  are  readily  soluble  in  ether,  chloroform,  or  carbon  disulphide, 
but  less  so  in  alcohol  ;  the  substance  melts  at  119 — 120°,  and  its  solu- 
tion in  cold  concentrated  sulphuric  acid  is  orange. 

0-2012  gave  0-5347  CO2  and  0-1112  H2O.     0  =  72-47;  H  =  6-14. 
0-3183     „     0-2540  BaSO^.     S  =  10-96. 

Oi^Hjg02S  requires  0  =  72-48  ;  H  =  6-04;  S  =  10-74  per  cent. 

PhenyltJnolbenzylbenzoylacetoae, 
06H5-OH(S-OgH,)-OH(CO-OH3)-CO-CgH5. 

The  union  of  benzylidenebenzoylacetone  with  phenyl  mercaptan  bas 
been  effected  by  mixing  the  diketone  (4-5  grams)  dissolved  in  benzène 
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with  the  mercaptan  (2  grams)  and  adding  2—3  drops  of  pipeiidine, 
when,  in  a  short  time,  the  whole  sets  to  a  solid  mass.  This  is  washed 
witli  light  petroleum  and  crystallised  from  alcoliol,  in  which  it  dissolves 
with  difficulty  ;  colourless  needles  are  thus  obtained,  which  melt  at 
140 — 141°  and  dissolve  in  cold  concentrated  sulphvu-ic  acid,  yielding 
an  orange  solution. 

0-2008  gave  0-5640  COg  and  0-1016  H^O.     0  =  76-63  ;  H  =  5-62. 
C23H20O.2S  requires  G  =  76-76  ;  H  =  5-55  par  cent. 

isoÂmyUMolhenzylhenzoylacetone, 
C6H5-OH(S-C5Hi,)-CH(CO-CH3)CO-CcH5. 

The  action  of  j^iperidine  on  a  mixture  of  benzylidenebenzoylacetone 
(2-4  grams)  and  isoamyl  mercaptan  (1  gram)  dissolved  in  liglit  petrol- 
eum is  accompanied  by  development  of  heat.  The  solid  which  is  pro- 
duced,  is  readily  soluble  in  benzène  or  ether,  less  so  in  cold  alcohol,  bvit 
readily  when  hot,  and  crystallises  from  dilute  alcohol  in  colovirless 
needles  which  melt  at  104 — 105°. 

0-2005  gave  0-5466  COg  and  01326  HgO.     C- 74-35  ;  H -7-34. 
OgpHggOgS  requires  C  =  74-57  ;  H  =  7-34  per  cent. 

The  solution  of  this  substance  in  concentrated  sulphuric  acid  is 
yellow» 

Action   of  Mercajjtans   on   Diolefinic   Ketones. 
The  Union  of  Dihenzylideneacetone  with  MercajHans. 

As  already  mentioned  in  the  introduction,  the  union  of  mercaptans 
with  dihenzylideneacetone  yields  either  mono-  or  di-thio-compounds. 
The  additive  products,  with  2  molécules  of  mei-captans,  which  Posner 
(loc.  cit.)  has  already  prepared,  can  readily  be  obtained  in  a  pure  state 
by  the  use  of  piperidine  as  catalytic  agent  instead  of  hydrogen  chloride. 
But  some  difficulty  may  be  experienced  in  getting  the  monothio-com- 
pounds  pure,  since  their  formation  is  accompanied  by  that  of  the 
additive  products  with  2  molécules  of  mercaptans.  This  is  especially 
the  case  in  the  préparation  of  thiojDhenylbenzylbenzylideneacetone, 
which  I  hâve  not  yet  obtained  free  from  dithiophenyldibenzylacetone. 

\&oAmylthiolbenzylbenzylideneavelonej 

o^H5-ch(s-C5H„)-ch2-co-ch:ch-c«H5. 

This  substance  is  formed  by  mixing  isoamyl  mercaptan  (0  5  gram) 
with  dibenzylideneacetone  (1-2  grams)  dissolved  in  benzène,  and  add- 
ing   3    drops   of    piperidine.      After   several   hours,    the   benzène   is 
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evaporated  in  vacxw,  and,  on  stirring  tlie  residual  oil,  it  solidifies. 
The  solid  is  readily  soluble  in  benzène,  chlorofonu,  ethcr,  or  alcohol, 
and  ci'ystallises  from  dilate  alcohol  in  colouiless  needles  which  uielt  at 

60— 6r. 

0-2024  gave  0-5788  CO2  and  0-1405  H^O.     C  =  77-99;  H  =  7-71. 
C22H2,;OS  requires  C  =  78*10  rH  =  7-69  per  cent. 

The  solution  of  this  compound  in  concentrated  sulphuric  acid  is 
yellow. 

Pheni/lthiolbenzylbenzijlideneacetone, 
C,H,-OH(8-C,H,)-CH^-CO'CH:CH-C,H,. 

On  adding  2 — 3  drops  of  piperidine  to  the  mixture  of  phenyl 
mercaptan  (1  gram)  and  a  benzène  solution  of  dibenzylideneacetone 
(2-2  grams)  and  leaving  the  solution  for  half  an  hour,  and  then  pouring 
into  it  light  petroleum,  a  white  solid  is  precipitated.  This  product 
dissolves  somewhat  readily  in  boiling  alcohol,  and,  on  cooling,  crystal- 
lises  in  colourless  needles  which  melt  at  121 — 122°.  On  analysis, 
numbers  were  obtained  which  indicated  that  this  product  is  a  mixture 
of  the  additive  compounds  of  the  dioletinic  ketone  with  one  and  two 
molécules  of  the  mercaptan.  The  melting  point  is  raised  to  127 — 128° 
by  a  second  erystallisation  from  the  same  solvent,  but,  as  is  indicated 
by  the  following  analysis,  the  substance  is  still  impure. 

0-2010  gave  0-5864  CO2  and  01061  H^O.     0  =  79-56;  H  =  5-86. 
C03H00OS  requires  0  =  80-23  ;  H  =  5-81  per  cent. 

DijÂenylthioldibenzylacetone,  [C,jH--0H(S-0j.H-)-CH].3-CO. 

This  compound,  which  has  been  prepared  before  by  Posner  {loc.  cit.), 
is  readily  formed  on  adding  piperidine  to  the  benzène  solution  of  equal 
weights  (2  grams)  of  dibenzylideneacetone  and  phenyl  mercaptan. 
After  a  short  time,  the  mixture  sets  to  a  semi-solid  which  dissolves  in 
boiling  alcohol  with  difïiculty  and,  on  cooling,  crystallises  in  colourless, 
iridescent  prisms.  Thèse,  after  a  second  erystallisation  from  the  same 
solvent,  melt  at  134 — 135°,  as  compared  with  139 — 140°  found  by 
Posner,  and  gradually  dissolve  in  cold  concentrated  sulphuric  acid 
forming  an  orange  solution  which  slowly  turns  red. 

0-2003  gave  0-5617  COg  and  0-1033  HgO.     0  =  76-48  ;  H  =  5-72. 
C2,jHo,.p82  requires  0  =  76-65  ;  H  =  5-72  per  cent. 

The  Union  of  Mercajitans  with   C initamylideneacet ophenone. 

I  hâve  studied  this  reaction  with  spécial  care  in  order  to  examine 
whether  cinnamylideneacetophenone   takes   up  2  molécules  of  mercap- 
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tans,  as  stated  by  Posner  ;  but  I  find  that  it  unités  with  1  molécule 
only  of  woamyl  or  phenyl  mercaptan  and  yields  compounds  which  are 
isomeric  with  the  additive  products  of  dibenzylideneacetone  with 
1  molécule  of  thèse  mercaptans. 


Phenyl  fi-iîioAmylthiol-y-henzylidenepropyl  Ketone, 

c,H5-ch:ch-ch(s-Cj;H„)-ch2-co-c,,h,. 

I  hâve  carried  out  two  experiments  ;  in  the  first,  a  mixture  in 
molecular  proportions  of  cinnamylideneacetophenone  (2-2  grams),  dis- 
solved  in  benzène,  and  îsoamyl  mercaptan  (1  gi-am)  was  treated  with 
3  drops  of  piperidine,  and,  after  several  hours,  the  benzène  was 
evaporated.  The  residual  oil,  which  solidified  on  stirring,  crystallises 
from  dilute  alcohol  in  colourless  needles  ;  thèse  melt  at  64°  and  dis- 
solve in  cold  concentrated  sulphuric  acid  yielding  a  deep  red  solution. 
The  second  experiment  has  been  performed  in  a  similar  manner  except 
that  equal  weights  (2  grams)  of  the  ketone  and  the  mercaptan  hâve 
been  vised,  and  the  solution  has  been  kept  overnight  before  evaporating 
off  the  solvent.  The  substance  which  is  formed,  after  crystallisation 
from  alcohol,  melts  at  64°.  The  identity  of  the  two  préparations  has 
been  f  urther  veritied  by  analysis  : 

I.  0-2025  gave  0-5792  CO2  and  01404  Hp.     C  =  78-00  ;  H  =  7-70. 

IL  0'2012     „     0-5745  CO2    „    0-1405  H^O.     0  =  77-87  ;  H  =  7-75. 

CggHggOS  requires  C  =  78-10  ;  H  =  769  per  cent., 

whilst  the  additive  compound  with  2  mois,  of  the  mercaptan, 
C27H38OS2,  requires  C  =  73-30  ;  H  =  860  per  cent. 


Fhenyl  P-Phenylthiol-y-henzylidenejyropyl  Ketone, 

CsH5-ch:ch-ch(s-c,H5)-ch2-co-c,3H.. 

On  mixing  phenyl  mercaptan  and  cinnamylideneacetophenone  either 
in  molecular  quantities  or  in  the  proportion  of  1  mol.  of  the  ketone  to 
2  mois,  of  the  mercaptan,  and  adding  a  few  drops  of  piperidine  to  the 
solutions  of  thèse  mixtures  in  benzène,  there  is  formed  in  both  cases 
the  same  compound,  which  is  precipitated  by  light  petroleum.  The 
substance  is  readily  soluble  in  ether  or  chloroform,  not  so  readily  in 
cold  alcohol,  and  crystallises  in  colourless  needles  from  its  solution  in 
hot  dilute  alcohol.  Both  spécimens  melt  at  103 — 104°,  and  their 
solutions  in  concentrated  sulphuric  acid  are  deep  red. 

0-2014  gave  0-5928  CO2  and  0-1063  H2O.     C  =  80-27;  H  =  5-86. 
C23ÏÏ20OS  requires  0  =  8023  ;  H  =  5-81  per  cent. 
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C.jgHggOSg,  the  additive  compoiind  of  the  diolefinic  ketone  with 
2  mois,  of  phenyl  mercaptan,  wliich,  aceording  to  Posner  [loc.  cit.),  is 
formed  on  using  hydrogen  chloride  as  a  catalytic  agent  instead  of 
piperidine,  requires  C  =  76'65  ;  H  =  5'72  per  cent. 

Although  the  close  agreement  of  the  melting  points  indicates  that 
Posner' s  compound  is  identical  with  the  one  thus  obtained,  yet  I  hâve 
thought  it  advi sable  for  direct  comparison  to  prépare  a  spécimen  aceord- 
ing to  Posner's  directions.  For  this  parpose,  dry  hydrogen  chloride 
has  been  passed  into  a  cold  solution  in  glacial  acetic  acid  of  the  mixture 
of  cinnamylideneacetophenone  (2  grams)  and  phenyl  mercaptan 
(2 '5  grams),  when,  after  a  short  time,  the  whole  sets  to  a  semi-solid  ; 
the  substance  crystallises  from  alcohol  in  colourless  needles  which  melt 
at  103^  and  hâve  other  properties,  such  as  the  shape  of  the  crystals 
and  the  solubility,  resembling  those  of  the  compound  formed  under 
the  influence  of  piperidine.  I  hâve,  moreover,  verified  the  composition 
of  this  spécimen  by  analysis  : 

0-2008  gave  0-5902  CO2  and  0-1508  Hp.     C  =  80-16;  H  =  5-85. 
C23H20OS  requires  C  =  80-23  ;  H  =  5-81  per  cent. 

Action  of  Hydrogen  Sulpldde  on  Btnzylideneacetylacetone. 

On  passing  hydrogen  sulphide  into  a  slightly  warm  alcoholic  solution 
of  benzylideneacetylacetone  to  which  a  little  sodium  ethoxide  dissolved 
in  alcohol  has  been  added,  a  white  solid  is  formed.  This  is  insoluble 
in  alcohol  or  glacial  acetic  acid,  but  readily  dissolves  in  chloroform,  and 
is  precipitated  from  this  solution  by  alcohol.  The  substance  softens  at 
75 — 85°  and  is  identical  with  thiobenzaldehyde. 

0-2017  gave  0  5065  CO2  and  0-0920  HgO.     0  =  68-49  ;  H  =  5-06. 
CyHgS  requires  C  =  68-85  ;  H  =  4-91  per  cent. 

I  am  engaged  in  the  further  investigation  of  the  action  of  mercap- 
tans  on  olefinic  ketonic  compounds  in  the  présence  of  organic  bases, 
and  in  the  study  of  the  additive  products  which  are  thus  formed. 

GONVILLE  AND   CaITJS   COLLEGE, 

Cambridge. 
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VI. — Hydï-olysis  of  Ammofiium  Salts. 
By  Victor  Herbert  Veley. 

Introducto?-y. 

In  the  ordinary  text-books  of  chemistry  it  is  stated  in  genei-al  terms 
that  aqueous  solutions  of  ammonium  salts  when  boiled  become  acid 
with  the  évolution  of  a  vapour  of  alkaline  reaction.  More  definite 
statements  are  to  the  effect  that,  under  such  conditions,  triammonium 
phosphate  loses  two-thirds  of  its  ammonia,  and  is  converted  into  am- 
monium dihydrogen  phosphate  ;  also  that  an  aqueous  solution  of 
ammonium  oxalate  loses  ammonia  even  at  - 1°.  Such  statements 
appear  to  imply  that  thèse  décompositions  are  to  be  classed  among  beat 
dissociation  phenomena,  namely,  that  ammonium  chloride,  for  example, 
is  decomposed  when  heated  either  in  the  dry  state  or  in  aqueous  solu- 
tion, according  to  the  same  course  of  events.  The  object  of  the  pi'esent 
communication  is  to  show  that  although  the  net  resuit  is  the  same  in 
both  cases,  yet  the  latter  is  conséquent  on  hydrolysis,  NH^Cl-l-HgO  zzl 
NH^OH  +  HCl  and  NH^OH  =  NHg  +  B.f>,  and  not  on  beat  dissociation. 
Investigations  (Walker,  Zeit.  physikal.  Chem.,  1889,  4,  319;  Ar- 
rhenius,  ibid.,  1894,  13,  407  ;  Shields,  Phil.  Mag.,  1893,  [v],  35,  365  ; 
van't  Hoff,  C'hemische  Dijnaraik,  1898,  121  — 126)  on  the  hydrolysis  of 
salts,  such  as  the  cyanides,  acétates,  and  amides,  hâve  shown  that  three 
cases  are  possible  :  (1)  salts  formed  from  a  weak  base  and  strong  acid, 
(2)  salts  from  a  strong  base  and  weak  acid,  and  (3)  salts  from  a  weak 
base  and  weak  acid.  Ammonium  salts  containing  the  l'elatively  weak 
base  ammonia  would  probably  be  included  only  in  catégories  I  and 
III.  In  the  former,  it  bas  been  shown  both  by  inversion  and  conduc- 
tivity  experimeuts  that  the  amount  of  hydrolysis  is  dépendent  on  the 
mass  of  water,  namely,  the  dilution,  and  the  condition  of  equilibrium 
is  repi-esented  by  the  équation  : 

C(acid)X    ^'(l^ase)^^..     ^^^^^^^^. 

C  (sait)  ^    ^ 

In  the  latter,  the  amount  of  hydx'olysis  is  independent  of  the  dilution, 
and  its  équation  of  equilibrium  is 

C(aci.l)   X    C(base)    _     ..  ,^. 

n-l  ,    ,^,  -    "^ K-")' 

^     (sait) 

It  will  be  shown  in  the  sequel  that  the  hydrolysis  of  ammonium  salts, 
which  results  from  boiling  their  aqueous  solutions,  présents  thèse  two 
cases,  namely,  that  (1)  its  amount  is  dépendent  on  the  dilution,  and  (2) 
is  independent  of  the  dilution  when  beyond  a  certain  limiting  value. 
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Theie  is,  further,  a  third  case  in  Avhich  hydrolysis  is  nil  or  inappréci- 
able at  any  degree  of  dilution. 


Expérimental. 

ïhe  method  of  experiment  consisted  in  boiling  100  ce.  of  tbe  several 
aqueous  solutions  in  round-bottomed,  Jena  glass  flasks  of  about  500 
c.c,  capacity  fitted  with  inverted  condensers,*  according  to  tlie  ordinary 
process  for  determining  the  proportion  of  ethereal  salt.s  by  saponifica- 
tion. The  duration  of  each  experiment  was  one  houi-,  at  the  expiry  of 
which,  the  flask  was  disconnected,  its  contents  rapidly  cooled,  and  the 
amount  of  free  acid  estimated  and  taken  as  a  measure  of  the  ammonia 
lost.  In  most  cases  the  proportion  of  this  free  acid  was  estimated  by 
an  ammonia  solution  of  approximately  decinormal  strength,  litmus 
being  used  as  an  indicator  ;  in  the  case  of  organic  acid  s,  which  do  not 
give  a  sharp  définition  with  litmus,  caustic  soda  solution  of  the  same 
concentration  was  substituted  for  ammonia  and  phenolphthalein  for 
litmus.  Although  at  the  ordinary  température  there  did  not  appear 
to  be  any  risk  of  the  displacement  of  ammonia  by  the  caustic  soda 
added,  yet  it  is  not  pretended  that  the  results  obtained  are  of  the  same 
order  of  accuracy.  Such  a  method  seemed,  however,  to  be  the  only 
escape  from  an  expérimental  difB.culty. 

In  the  case  of  the  tri-  and  di-ammonium  phosphates,  which  are 
alkaline  in  reaction,  the  process  was  reversed,  a  decinormal  solution 
of  hydrochloric  acid  being  substituted  for  ammonia. 

A  possible  source  of  error  would  arise  Avhen  the  acid  simultaneously 
liberated  with  the  ammonia  was  volatile  and  might  also  escape,  but,  so 
far  as  observation  went,  such  escaping  acid  would  recombine  with  the 
ammonia,  and  the  sait  regenerated  would  be  washed  back  into  the 
solution  by  the  coudensed  water.  A  further  source  of  error  might 
arise  from  différences  in  roughness  of  the  glass  of  différent  flasks, 
whereby  the  évolution  of  ammonia  would  be  facilitated,  but  a  com- 
parative experiment  showed  no  appréciable  différence  in  ammonia  lost 
when  two  solutions  of  ammonium  nitrate  were  heated  under  the  same 
conditions  for  the  same  time,  but  to  one  of  which  half  a  gram  of  finely 
divided  silica  had  been  purposely  added.  The  solutions  taken  for  most 
séries  of  experiments  were  of  1,  0-5,  0-2,  0-1,  and  0-05  normal  con- 
centrations respectively  ;  but  it  will  be  évident  that  the  method  of 
experiment  adopted  is  restricted  on  the  one  hand  by  the  solubility  of 
the  salts  for  concentrated  solutions,  and  on  the  other  by  the  small 

"  The  condensers  used  were  ail  of  glass  with  straight  internai  tubes  ;  a  slight 
error  would,  doubtless,  be  caused  by  the  few  drops  which  fell  back  into  the  main 
bulk  of  the  solution  after  the  opération  of  boiling  had  been  stopped. 
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absolute  amount  of  ainmonia  lost  from  vei-y  dilute  solutions,  wlieveby 
tlie  expérimental  eiroi^  is  very  largely  increased. 


Metliod  of  Ccdculation  and  Expression  of  Results. 

If  P  repiesent  the  loss  of  ammonia  from  the  solution  and  M  the 
amount  of  ammonia  originally  combined,  then  P10^/i/\vill  be  the  per- 
centage  molecular  loss  ;  for  the  purpose  of  avoiding  long  décimais,  the 
values  hâve  been  multiplied  by  10,  and  the  numbers  tnus  obtained 
designated  as  K=F\Q^jM.  For  example,  two  decinorraal  solutions  of 
ammonium  nitrate  (0-8  gram  in  100  c.c.)  containing  0'17  gram  of 
combined  ammonia  were  placed  in  two  sets  of  apparatus  placed  in 
parallel,  and  heated  for  the  same  period  of  time,  as  a  comparative 
experiment.  The  values  for  K  found  were  32'3  and  33*8  or  a  différ- 
ence of  3  per  cent,  approximately,  which  is  within  the  limit,  about 
5  per  cent.,  of  saponification  experiments. 

Salts  Examined. 

The  salts  examined  were  the  bromide,  chloride,  nitrate,  sulphate, 
the  three  orthophosphates,  formate,  acétate,  oxalate,  succinate,  citrate, 
ethyl  sulphate,  benzoate,  salicylate,  benzène-  and  naphthalene-a-sul- 
phonates  ;  such  a  list  might  be  greatly  extended,  but  the  foregoing 
séries  appeared  to  be  représentative  and  served  for  the  purpose  of 
varions  comparisons. 

The  salts  of  the  organic  acids,  with  the  exception  of  the  oxalate, 
were  obtained  from  Kahlbaum  ;  the  bromide,  chloride,  nitrate,  sulphate, 
diphosphate,  and  oxalate  were  either  fine  crystalline  spécimens  at 
hand,  or  were  recrystallised  specially.  The  chlorate  was  prepared 
from  the  barium  sait  by  précipitation  with  ammonium  sulphate  and 
recrystallising;  it  contained  a  trace  of  chloride.  The  monophosphate 
was  obtained  by  the  addition  of  glacial  phosphoric  acid  to  concentrated 
ammonia  solution  until  the  solution  was  distinctly  acid,  a  further 
quantity  of  acid  was  added  until  no  precipitate  was  produced  on  the 
addition  of  barium  chloride  to  a  test  portion  ;  the  solution  was  partially 
evaporated  and  allowed  to  crystallise.  The  triphosphate  was  obtained 
by  the  cautions  addition  of  concentrated  ammonia  to  an  aqueous  solu- 
tion of  the  diphosj)hate  ;  the  sait  crystallised  out  in  fine  needles,  which 
were  dried  partially  by  suction,  and  finally  over  sulphuric  acid. 

No  variation  was  made  in  the  method  of  pi-ocedure  except  in  the 
case  of  the  oxalate,  in  which  case  the  experiments  were  conducted  in 
a  dark  room  on  account  of  the  ready  décomposition  of  solutions  when 
exposed  to  sunlight  (Downes  and  Blunt,  Proc.  Roy.  Soc,  1879,  28, 
209;   Richardson,   Trans.,    1894,    65,    450).     In  order  to  détermine 
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whether  the  décomposition  of  aqueous  solutions  of  the  sait,  as  stated 
above  to  occur  even  at  -  1°,  is  due  to  the  hydrolysis  of  the  sait  at 
that  température,  or  to  its  décomposition  as  induced  by  sunlight,  two 
seminormal  solutions  of  the  sait  were  taken,  one  kept  in  the  dark  for 
14  hours  at  the  ordinary  température,  the  other  heated  for  the  same 
time  at  40°  in  a  dark  chamber,  namely,  a  bacteriological  incubator. 
There  was  no  ajjpreciable  loss  of  ammonia  in  either  case,  thus  proving 
that  exposure  to  sunlight  was  the  determining  cause  in  the  above- 
mentioned  observation. 

Expérimental  Eesults. 

In  the  tables  given  in  the  sequel,  the  molecular  concentrations  in 
terms  of  normality  iV  are  given  in  the  first,  and  the  f ound  values  for 
K  in  the  succeeding  columns. 

Category  I. 
Hydrolysis  Nil  or  Liapp'eciable. 


Bromide. 

Chloride. 

Beiizeiiesulphoiiate. 

N. 

K. 

K. 

K. 

1-0 



1-3 

0-7 

0-5 

0-017 

1-2 

2-7 

0-2 

nil 

1-08 

3-5 

0-1 

nil 

1-4 

4-0 

0-05 

nil 

5-8 

3-5 

As  regards  thèse  three  salts,  it  is  worthy  of  note  that  the  three 
acids  combined  with  the  ammonia  are  those  which  give  the  highest 
value,  according  to  Ostwald  (/.  ;^r.  Chon.,  1884,  29,  401—402),  (1) 
for  the  hydrolysis  of  methyl  acétate  and  (2)  for  the  inversion  of 
cane  sugar  ;  thus,  the  persistence  with  which  the  ammonia  is 
retained,  serves  as  a  measure  of  the  activity  of  the  acid.  This  point 
will  be  further  alluded  to  in  the  sequel. 

Category  II. 
Hydrolysis  Dej)endent  on  Dilution. 


Nitrate. 

Siilphate. 

N. 

K. 

K. 

2-0 

53 

— 

1-0 

190 

7-6 

05 

200 

9-5 

0-2 

30-8 

11-2 

0-1 

38-9 

14-3 

0-05 

80-5 

16-5 
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In  the  foregoing  salts,  the  amount  of  hydrolysis  increases  pro- 
gressively  with  the  dilution,  and  more  markedly  in  the  case  of  the  nitrate 
than  in  that  of  the  sulphate,  the  limit  of  which  appears  to  be  reached 
nearly  at  the  point  at  Avhich  the  expérimental  method  becomes  im- 
possible. As  regards  the  nitrate,  the  results  of  which  show 
irregularity,  it  is  probable  that  the  main  reaction  of  hydrolysis  is 
complicated  by  the  décomposition  at  the  temperatvire  used  of  the 
liberated  nitric  acid  ;  nitrons  acid  is  formed,  which  interacts  with  the 
ammonia  (liberated,  but  not  completely  boiled  off)  to  give  ammonium 
nitrite,  which  is  at  once  decomposed  into  nitrogeu  and  water. 

Category  III. 

Hydroltjsis  Independent  of  Dilution  at  a  Limiting  Value. 

Ali  the  other  salts  examined  corne  under  this,  the  most  common 
category.  For  the  sake  of  convenience  only,  thèse  salts  hâve  been 
divided  into  inorganic  and  organic  respectively. 


N. 
0-5 
0-2 
0-1 
0-05 


Salts  of  hiorganic  Acids. 


Chlorate. 
K. 
15-5 
18-7 
20-3 
18-5 


Monopliospliate. 
K. 
14-5 
18-6 
22-3 
21-5 


Diphosphate. 
K. 

37-3 
42-9 
40-0 
41-6 


The  value  found  for  K  for 
approximately,  but  the  sait  is 
hydrolysis  and  dissociation  proceed  simultaneously 


the   triammonium  phosphate  was   600 
relatively  unstable,  and   probably  both 


Salts  of  Organic  Acids. 

Thèse  salts  are  further  divided  for  the  purpose  of  convenience  into 
those  of  (1)  paraflfinoid  and  (2)  benzenoid  acids. 


Salts  of  ParajOinoid  Acids. 


Ethyl 

Formate. 

Acétate. 

Oxalate. 

Succmate. 

Citrate. 

sulphate 

N. 

K. 

K. 

K. 

K. 

K. 

K. 

1-0 

37-2 

53 

4 

— 

235-6 

215-5 

4-0 

0-5 

35-6 

95 

8 

— 

230-0- 

198-6 

8-34 

0-2 

22  0 

90 

3 

17-4 

244-6 

280-0 

10-4 

0-1 

20-1 

94 

0 

22-3 

243-8 

275-0 

iri 

0-05 

19-1 

90 

3 

23-2 

240-0 

282-0 

12-6 

0  025 

— 

100 

0 

22 -S 

— 

— 

— 
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Salts  of  Benzenoid  Acids. 


Naphthalene- 

Benzoate. 

Salicylate. 

a-sulphonate. 

N. 

K. 

K. 

K. 

1-0 

31 

9-8 

2-6 

0-5 

9  0 

110 

9-0 

0-2 

10-3 

14-0 

10-0 

0-1 

10-6 

160 

150 

0  05 

11-1 

14-4 

14-9 

The  only  point  of  spécial  notice  in  the  foregoing  table  is  the 
behaviour  of  the  formate,  which  dift'ers  from  ail  the  other  ammonium 
salts  examined  in  that  the  vaine  for  K  decreases  with  decrease  of  con- 
centration. Two  séries  of  experiments  were  conducted,  but  the 
values  obtained  were  concordant  within  the  limits  of  expérimental 
error.  Hydrocyanic  acid,  which  might  be  formed  according  to  the 
équation  HCO^Nïï^  =  HON  +  2H2O  (and  is  thus  produced  when  the  dry 
sait  is  heated),  was  tested  for,  but  with  a  négative  resuit.  At  présent, 
it  is  not  proposed  to  ofïer  any  explanation  of  this  discrepancy. 

Discussion  of  Results. 

In  a  preceding  section,  it  was  observed  that  the  ammonium  salts  of 
those  acids  Avhich  give  the  highest  values  for  the  hydrolysis  of  methyl 
acétate  and  of  the  inversion  of  cane  sugar  were  those  which  gave  the 
lowest  values  in  the  présent  investigation. 

It  appeared  worthy  of  interest  to  pursue  this  comparison  further, 
and  for  this  purpose  the  values  for  1/lOth  molecular  concentration 
hâve  been  selected,  this  being  the  concentration  at  which  such  values 
hâve  attained  constancy.  The  nitrate  and  formate  are  omitted  from 
the  présent  discussion  as  hydrolysis  in  both  thèse  cases  is  doubtless 
modified  by  secondary  reactions.  In  the  following  table,  the  values 
of  K  for  the  remaining  salts  are  arranged  in  order  of  increasing 
magnitude  in  column  I,  and  their  reciprocals  IjK  consequently  in 
order  of  decreasing  magnitude. 

Salts.  K. 

Biomide nil 

Chloride   1-4 

Beiizenesulphonate    4'0 

Benzoate 106 

Ethyl  sulphate   11-0 

Sulphate 14-0 

Naphthaleue-o-sulphonate   15 '0 

Salicylate    16-0 

Chlorate  20-3 

Oxalate    22-3 

Diphosphate    40*0 

Acétate    90-0 

Succinate 243'8 

Citrate 275-0 


1/A-. 

Chloride  =  100. 

00 

. 

0713 

100-0 

0-250 

35-2 

0-094 

13-2 

0-091 

11-2 

0-073 

10-2 

0-066 

9-2 

0-062 

8-7 

0-049 

6-9 

0-045 

G -9 

0-025 

3  5 

0011 

1-5 

0-004 

0-57 

0-003 

0-51 
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As  a  f urther  comparison,  the  reciprocals  ]  jK  hâve  been  calculated  in 
terms  of  the  chloride  taken  as  100  (column  III). 

In  the  following  table,  the  acids  are  arranged  in  the  order  of  avidity 
for  ammonia  in  column  I,  and  in  column  II  in  their  order  (mean 
value)  obtained  in  the  investigations  of  Ostwald  {vide  stqjra)  so  far  as 
the  comparison  may  be  instituted. 


I. 

II. 

I. 

II. 

Hydiobi'omic. 

Hydrobvoinie. 

Phosphoric. 

Phosphoric. 

Benzeuesulphouic* 

Benzenesulpliouic. 

Ace  tic. 

Citric. 

Hydrochloric. 

Hydrochloric. 

Succinic. 

Succinic. 

Ethyl  suli>huric. 

Ethyl  sulphuric. 

Citiic. 

Acetic. 

Sulphuric. 

Chloric. 

Chloiic.  1 

Sulphuric. 

Oxalic.  / 

Oxalic. 

The  similai'ity  as  regards  the  relative  order  of  magnitude  is  very 
strikiug  ;  the  order  of  absolute  magnitvide  differs  generally  as  to  the 
high  values  of  the  two  haloid  acids,  whereby  ail  the  values  of  most  of 
the  remaining  acids  are  consequently  reduced,  and  particularly  as  to 
the  case  of  chloric  acid,  which  should  rank  with  the  haloid  acids,  but 
as  a  matter  of  fact  comes  much  below  them  ;  but  a  conséquent  décom- 
position of  the  chloric  acid  f  ormed  in  the  reaction  studied  may  possibly 
be  a  disturbing  factor. 

This  line  of  investigation  might  be  further  extended,  not  only  to  the 
ammonium  salts  of  other  acids,  but  also  to  the  substituted  ammonium 
salts  of  the  same  acids.  The  présent  communication  may  serve  as  a 
preliminary  to  further  accounts  of  investigations,  although  it  is  not,  of 
course,  pretended  that  the  method  adopted  is  of  such  an  order  of 
accuracy  as  others  on  the  magnitude  of  chemical  change  under  detinite 
conditions. 

I  am  indebted  to  Mr.  John,  of  Jésus  Collège,  Oxford,  for  assistance 
in  the  earlier  jDortion  of  this  work. 


Conclusions. 

When  aqueous  solutions  of  ammonium  salts  are  heated  at  their 
boiling  point,  the  évolution  of  ammonia  and  concomitant  acidity  of 
solutions  resuit  not  from  a  direct  dissociation,  but  from  hydrolysis. 
Three  cases  are  presented  :  (1)  such  hydrolysis  is  nil  or  inappréciable, 
(2)  it  is  dej)endent  on  the  dilution,  and  (3)  it  is  independent  of  dilution 
when  beyond  a  certain  limiting  value. 

The  persistence  or  avidity  with  which  the  several  acids  retain  the 

*  Caldwell,  Pivc.  Roy.  Soc,  1904,  74,  185. 
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ammonia  in  combination  is  analogous  to  their  activity  or  avidity  in 
the  cases  of  hydrolysis  of  methyl  acétate,  and  inversion  of  cane  sugar  ; 
the  relative,  but  not  the  absolute,  order  of  magnitude  is  the  same  in  ail 
thèse  three  chemical  changes. 


VIL — Studies  in  Optical  Superposition.     Part  I. 

By  Thomas  Stewart  Pattekson  and  Francis  Taylor,  B.Sc. 

Optical  superposition  is  the  somewhat  unsuitable  term  which  has 
been  applied  to  the  combination  of  two  or  more  optically  active 
radicles  in  one  molécule.  Such  compounds  hâve  hitherto  received  but 
little  systematic  investigation,  although  it  seems  possible  that  their 
examination  might  lead  to  interesting  results  in  regard  to  various 
phenomena  such  as  those  conneeted  with  solution  or  with  the  com- 
bination of  radicles  generally. 

When  in  a  simple  active  molécule  such  as  that  of  lactic  acid  the 
replaceable  hydrogen  atoms  are  substituted  by  radicles  like  methyl  and 
ethyl  or  acetyl  and  benzoyl,  the  change  in  rotation  which  occurs  with 
each  substitution  is  probably  due,  not  merely  to  the  addition  of  a  new 
'group,  but  also  to  a  modifi-ation,  a  slight  molecular  rearrangement, 
of  the  active  radicle  itself.  That  is,  the  lactyl  radicle,  supposing  it 
could  be  detached  from  a  molécule  of  methyl  lactate  without  suffering 
any  other  change,  would  show,  when  examined  polarimetrically,  a 
rotation  differing  from  that  of  a  lactyl  radicle  separated,  in  the  same 
manner,  from  a  molécule  of  some  other  lactate.  The  inactive  group 
would,  of  course,  be  expected  to  show  a  similar  behaviour  ;  for 
instance,  it  is  probable  that  the  ethyl  radicle  in  ethyl  lactate  has  not 
the  same  volume  as  in  ethyl  acétate. 

Polarimetric  examination  of  compounds  composed  of  an  active  and 
an  inactive  radicle  can  scarcely  be  expected  to  yield  any  information 
as  to  the  changes  taking  place  in  both  parts  of  the  molécule,  but  more 
interesting  results  may  be  anticipât ed  from  the  investigation  of 
compounds  formed  of  two  active  radicles. 

It  must  be  noticed,  however,  that  altliough  in  the  latter  case  both 
parts  of  the  molécule  contribute  to  its  rotation,  it  is  not  possible  to 
estimate  accurately  the  effect  of  each.  The  observed  rotation  is  only 
a  résultant,  and  for  the  présent  a  resolution  can,  at  the  best,  be  only 
very  approximately  effected  by  comparison  of  this  résultant  rotation 
with  the  rotations  of  substances  containing  thèse  active  radicles 
united  to  other  inactive  groups. 
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It  is  proposed  in  this  and  some  succeeding  papers  to  collect  rotation 
data  for  siich  compounds  in  order  to  détermine  as  far  as  possible  the 
mutual  influence  of  the  groups  of  which  they  are  composed,  thé  présent 
communication  dealing  with  mentlaol  and  certain  of  its  derivatives. 

A  sample  of  menthol  which  gave  for  its  rotation  in  absolute 
alcoholic  solution  of  c  =  4-5112  the  value  [a]D'-49'88°  was  care- 
fully  distilled  nnder  diminished  pressure  and  the  rotation  of  the 
homogeneous  substance  determined  at  several  différent  températures, 
with  the  followine:  results  : 


Rotation  of  Menthol. 


t. 

o^  (66-04  mm.). 

Density. 

i<- 

[M]'; 

100-0° 

-27-399° 

0 

8380 

-49-51° 

-77-24^ 

78-0 

28-132 

0 

8551 

49-82 

11 -n 

70-2 

28-380 

0 

8612 

49-90 

11-i^ 

6S-2 

28-585 

0 

8666 

49-95 

Ti-^1 

58-3 

28-720 

0 

8704 

49-96 

77-94 

53-5 

28-833 

0 

8742 

49-94 

77-91 

48-2 

28-937 

0 

8783 

49-89 

77-83 

43-0 

29-055 

0 

8821 

49-88 

77-82 

39-5 

29-118 

0 

8852 

49-82 

Ti-n 

85-2 

29  177 

0-8884 

49-73 

77-58 

Densit 

ies  Determined: 

40-9° 

59° 

80° 

Density 

0 

8839 

0-8699 

0-8534 

Moleeular  rotation  of  menthol. 


■77-0° 


-77-2 


's     -77-6 


-77- 


78-0 


^^^  -^ 


10°        20°  30°         40°  50°  60°        70°  80°  90°       100° 

Température. 


From    thèse    data,  the  ciu-ve  showing  the  variation  of    moleeular 
l'otation  with  change  of  tempei-ature  has  been  drawn.     The  rotatioA 
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of  fused  menthol  has  previously  been  determined  by  W.  H.  Perkin 
(Trans.,  1902,  81,  309),  who  found  [a]^^- 49-88°,  whence  [M]^''- 
77-82°,  whilst  from  the  foregoing  curve  the  value  [M]'^- 77-85° 
is  obtained  ;  thèse  numbers  agrée  with  one  another  very  closely.  It 
will  be  noticed  at  once  from  this  curve  that  for  menthol  there  exists  a 
température  of  maximum  négative  rotation.  As  the  température 
falls,  the  rotation,  which  at  100°  is  -  77*24°,  gradually  increases  to 
reach  its  maximum  value  of  —  77-94°  at  58—59°.  At  this  température, 
the  menthol  molécule  has  its  greatest  optical  effect.  A  diminution  of 
rotation  occurs  with  further  réduction  of  température,  but  this  could 
only  be  investigated  for  a  few  degrees  below  the  melting  point  (42°), 
as  the  substance  did  not  long  remain  supercooled.  It  would  appear, 
however,  by  extrapolation,  that  menthol  at  20°  would  hâve  a 
molecular  rotation  of  about  -  77-22°,  almost  the  same  as  at  100°. 

Several  somewhat  similar  instances  hâve  i-ecently  been  discovered. 
Thus  it  has  been  shown  that,  in  solutions  of  optically  active  com- 
pounds,  maximum  or  minimum  values  of  the  rotation  may  be  reached 
at  detinite  concentrations,  the  température  being  constant,  as  is  the 
case  with  nicotine  in  dilute  aqueous  solution  or  camphor  in  valeric  or 
caproic  acid  (see  Landolt,  "  Das  Optische  Drehungsvermogen,  Eng. 
éd.,  p.  199),  and  also  with  ethyl  tartrate  in  varions  solvents 
(Patterson,  Trans.,  1901,  79,  178,  483  ;  1902,  81,  1099).  Similarly, 
maxima  or  minima  may  occur  at  definite  températures  in  solutions  of 
certain  concentrations,  as  has  been  found  for  solutions  of  ammonium 
and  sodium  molybdenylbimalates  (Grossman  and  Potter,  Ber.,  1904, 
37,  84)  and  for  varions  tartrates  {Patterson,  Trans.,  1904,  85,  1136). 

8o  far  as  we  are  aware,  however,  only  one  case  strictly  analogous 
with  that  of  menthol  has  been  observed.  P.  F.  Frankland  and 
Wliarton  (Trans.,  1896,  69,  1587)  found  that  ethyl  dibenzoyltartrate 
exhibits  a  maximum  négative  rotation  at  a  température  close  to  its 
melting  point,  the  phenomenon  being  more  pronounced  than  in  the 
case  of  menthol,  whilst  ethyl  di-o-toluyltartrate,  another  substance 
prepared  by  thèse  authors,  very  probably  has  the  same  peculiarity.  In 
thèse  two  cases  the  phenomenon  must  be  due — since  the  molécule  is 
symmetrical — to  a  configui-ation  of  maximum  asymmetry  having 
been  reached.  The  same  explanation  may,  of  course,  hold  in  the  case 
of  menthol,  but  hère  there  is  also  the  possibility  that  the  variation  of 
rotation  with  change  of  température  is  merely  an  indication  of  the 
successive  prépondérance  of  one  or  other  of  the  asymmetric  carbon 
atoms.  It  does  not  follow  that  at  the  température  of  maximum 
rotation  ail  three  are  acting  in  the  same  sensé  or  with  their  maximum 
power. 

\-Menthyl  à-tartrate  was  prepared  by  Patterson  and  Dickinson's 
method  (Trans.,  1901,  79,  280).     Dry  hydrogen  chloride  was  passed 
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into  a  flask  containing  a  mixture  of  25  grams  oï  ethyl  tartrate  (1  mol.) 
and  120  grams  of  menthol  (4  mois,  appi-oximately).  This  soon  caused 
liquéfaction  of  tlie  menthol,  and  the  resulting  solution  generally  ac- 
quired  a  red  colour.  The  flask  was  then  placed  in  an  oil-bath  and  the 
température  gradually  raised  to,  andkeptat,  120 — 130°,  the  passage  of 
the  hydrogen  chloride  being  continued  for  about  24  hours.  The  excess 
of  menthol  was  then  distilled  off  under  reduced  pressure  and  the  residue, 
a  heavy  yellow  or  red  oil,  which  forms  a  i-esin  on  cooling,  dissolved  in 
a  large  volume — one  to  two  litres — of  warm  spirit,  to  which  water  was 
added  until  a  slight  turbidity  occurred,  which  was  then  just  removed 
by  alcohol.  The  substance  has  a  considérable  tendency  to  separate  as 
an  oil,  but  can  be  obtained  without  much  trouble  in  the  form  of  silky 
needles  radiating  from  nuclei.  It  is  generally  advisable  to  dissolve 
the  crystals  in  alcohol  and  boil  with  animal  charcoal  for  an  hour  or 
two  and  then  recrystallise  several  times.  The  crystals  are  sticky  to 
the  touch  and  melt  at  74 — 75°.  In  absolute  alcohol  {c  =  2,l  =  200  mm., 
^  =  19-5°)  the  observed  rotation  was  -2-843°,  whence  [a]}?'^' -  71-08°, 
and[M]'D"=°-302-4°. 

0-2939  gave  0-7244  CO.^  and  0-2644  H,0.     C  =  67-21  ;  H  =  10-0. 

0-2384     „      0-5908  CO2    „     0-2120  Hp.     C  =  67-59  ;  H  =  9-88. 

C24H42O6  requires  C  =  67-61  ;  H  =  9-86  per  cent. 

Molecular  weight  déterminations  carried  out  in  benzène  and  ethylene 
bromide  gave  the  following  l'esults  : 

Benzène.     Constant  =  50. 


Substance. 

Suivent. 

A. 

M.  W 

01596 

11-045 

0-161 

448-7 

0-2698 

10-964 

0-276 

445-8 

0-3850 

10-833 

0-.391 

452-5 

Ethylene  Bromide. 

Constant  = 

118. 

0-1663 

28-669 

0-149 

459-4 

0-3766 

28-669 

0-349 

444-1 

^^24^4206  lequiros  M.  W.    =   426-0 

Thèse  numbers  show  évidence  of  only  slight  association,  and  together 
with  the  analyses  leave  no  doubt  as  to  the  identity  of  the  substance. 
Further  proof  is,  however,  furnished  by  the  fact  that  a  spécimen  of  the 
compound  obtained  from  methyl  tartrate  instead  of  from  the  ethyl 
ester  was  found  to  be  identical  in  melting  point  and  rotation  with  the 
foregoing  préparation,  thus  conclusively  proving  the  présence  in  the 
molécule  of  two  menthyl  groups. 

Tn  order  to  ascertain  whethei-  the  process  of  préparation  had  in  any 
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way  affected  the  rotation  of  the  menthol  used,  a  smalJ  quantity  of  the 
ester  was  decomposed  by  boiling  with  dilute  caustic  soda  solution,  and 
the  menthol  obtained,  after  shaking  with  water  and  caustic  soda  solu- 
tion, dried,  and  distilled  under  diminished  pressure.  When  dissolved 
in  absolute  alcohol  and  examined  in  the  polarimeter,  it  gave  for 
c  =  4"5112,  [ajo'  -49"21°,  The  original  value  for  the  same  concen- 
tration was  [a]^  -49-88°;  the  slight  différence  between  thèse 
numbers  was  doubtless  due  to  imperfect  purification  of  the  small 
quantity  of  menthol  recovered. 

The  rotation  of  this  menthyl  tartrate  was  then  determined,  and  on 
account  of  the  fact  that  it  remains  supercooled  for  a  long  time  the 
observations  could  be  extended  far  below  the  melting  point. 

Rotation   of  \-Menthyl  d-Tartmte. 


L 

a^(40mm.). 

Density. 

W^'- 

[M]»; 

100° 

-24-61" 

0-9920 

-62-02° 

-264-2' 

75 

25-60 

1-0117 

63-26 

269-5 

67-5 

26-05 

10176 

64-00 

272-6 

61-7 

26-27 

1-0220 

64-26 

273-7 

57-2 

26-49 

1-0255 

64-58 

275-1 

50-1 

26-84 

10312 

65-08 

277-2 

39-3 

27-25 

1-0397 

65-52 

279-1 

20-7 

28-09 

1-0540 

66-63 

283-9 

8-5 

28-58 

1-0636 

67-18 

286-2 

5-5 

28-75 

1-0660 

67-42 

287-2 

Densities  Determined  : 

Température 80°  100"  134-8°  163" 

Density l'OllO        0-9920  0-9654  0-9436 

As  has  already  been  mentioned,  an  idea  of  the  effect  of  each  of  the 
two  active  radicles  in  a  compound  such  as  the  above  can  only  be 
obtained  from  analogy  with  the  behaviour  of  other,  simpler  substances. 
The  figures  in  the  table  must  therefore  be  compared  with  the  rotation 
data  of  compounds  of  tartaric  acid  with  inactive  radicles  on  the  one 
hand  and  of  menthol  with  inactive  radicles  on  the  other. 

The  behaviour  of  a  few  tartaric  esters  as  regards  variation  of  rota- 
tion with  change  of  température  is  known  fairly  completely  (compare 
Trans.,  1904,  85,  766),  but  although  a  considérable  number  of  menthyl 
esters  hâve  been  prepared,  notably  by  Tschugaeiï  {Ber.,  1898,  31,  364), 
the  influence  of  température  change  on  their  rotations  does  not  appear 
to  hâve  been  investigated.  In  order,  therefore,  to  obtain  some  informa- 
tion on  this  point,  a  spécimen  of  menthyl  acétate  was  prepared  from 
menthol  and  acetyl  chloride  and  distilled  several  times  in  vacuo,  the 
last  distillation  being  performed  with  a  Hempel  tube. 

The  boiling  point  of  the  spécimen  used   was  very  steady  at   116° 
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(bath,  182 — 185*^  3  22  mm.  pressure).    The  substance  was  examined  iu 
tlie  polarimeter  with  the  following  results  : 

Rotation  of  \-Menthyl  Acétate. 


t. 

a«^  (40  mm.). 

Density. 

\.<- 

[M]^°. 

13-0° 

-29-637° 

0-9307 

-79-61° 

-157-6 

16-6 

29-488 

0-9278 

79-46 

157-3 

36-9 

28-848 

0-9115 

79-12 

156-7 

53-0 

28-408 

0-8981 

79-08 

156-6 

67-1 

27  -963 

0-8865 

78-86 

156-1 

98-1 

27-071 

0-8612 

78-59 

155-6 

Densities  Determined . 


15° 

26-2° 

46-8° 

80-45° 

0-9292 

0-9201 

0-9034 

0-8756 

Température 

Density  

From  thèse  numbers,  the  vahie  -  157-35°  is  found  for  the  molecuïar 
rotation  at  20"^,  wliilst  Tschugaelï  {loc.  cit.)  gives  -  157-25°.  Although 
thèse  values  agrée  very  -well,  it  may  be  noted  that  our  number  for 
observed  rotation,  -  73-5°  (<  =  20°,  ^  =  100),  is  somewhat  higher  than 
his  (  -  72-95°),  and  this  is  also  the  case  with  the  density.  We  find 
c^20°/4°=  0-9251,  whilst  Tschugaeff  gives  cZ20°/4°- 0-9185.  We  hâve 
determined  the  density  of  two  (juite  différent  préparations  with  the 
same  resuit  in  each  case. 

The  rotation  of  Z-menthyl  acétate  is  but  little  infiuenced  by  change 
of  température,  and  it  is  affected  in  the  same  manner  as  is  the  rotation 
of  the  tartaric  esters.  By  extrapolation  from  the  data  given  in  the 
table,  the  value  -  157-9°  is  obtained  for  the  molecuïar  rotation  at 
0°and  -  155-6°  at  100°. 

If  now  the  numbers  for  nienthyl  acétate  and  menthyl  tartrate  are 
compared  with  those  for  menthol  itself,  it  wili  be  noticed  in  the  first 
place  that  the  maximum  négative  rotation  observed  in  the  case  of  the 
last  named  is  not  apparent  in  either  of  the  esters. 

Menthol  suiïers  very  little  altération  of  rotation  with  variation 
of  température.  Between  60°  and  100°,  the  molecuïar  rotation  only 
changes  by  0-7°.  The  change  of  rotation  of  the  acétate  is  also  but 
slight,  namely,  -  2-3°  between  0°  and  100°.  In  the  case  of  the 
tartrate,  however,  the  change  is  mvich  greater,  namely,  23-5°  (from 
-  288°  at  0°  to  -  264-5°  at  100°),  and,  arguing  from  analogy,  the  part  of 
this  variation  due  to  the  two  menthyl  groups  should  be  about  twice  as 
great  as  in  the  acétate,  4-6°,  so  that  the  remaining  18-9°  would  be 
due  to  the  tartaryl  radicle,  a  value  which  agrées  as  closely  as  could  be 
expected  with  those  for  the  same  changes  in  methyl,  ethyl,  and 
îi-propyl  tartrates,  namely,  11°,  16-9°,  and  15-85°  (Trans.,  1904,  85, 
768). 
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As  regards  the  absolute  value  o£  tlie  rotations,  it  may  be  noticed  tliat 
the  substitution  of  an  acetyl  group  for  the  hydrogen  atom  of  the 
hydroxyl  group  in  menthol  lowers  the  rotation  very  considerably — 
from  -77-22°  to  -157-35°  at  20°.  Now  it  bas  been  found  by 
Tschugaeff  {Ber.,  1898,  31,  364)  that  the  substitution  of  other 
homologous  groups  in  place  of  acetyl  in  menthyl  acétate  is  prac- 
tically  without  effect  on  the  molecular  rotation  of  the  resulting 
compounds.  But,  as  has  just  been  shown,  the  molecular  rotation 
of  menthyl  tartrate  at  20°  is  -  284°,  and  is  due  partly  to  the  two 
menthyl  residues  and  partly  to  the  tartaryl  l'adicle  joining  them. 
Thèse  two  components  will  be  opposed  to  each  other,  since  tartaric 
esters  containing  inactive  alkyl  groups  hâve  at  20°,  so  far  as  is 
known,  positive  rotations.  The  rotatory  effect  due  to  the  two  menthyl 
groups  in  menthyl  tartrate  must  therefore  be  greater  than  -  284°,  and 
must  thus  hâve  a  value  approximating  to  twice  the  rotation  of  menthyl 
acétate.  This  would  seem  to  indicate  that,  in  spite  of  the  considérable 
dilîei-ence  of  composition,  the  group  -CO*CH(OH)-,  consisting  of 
half  the  tartaryl  radicle,  has,  when  substituted  for  the  hydroxylic 
hydrogen  of  menthol,  an  optical  value  much  the  same  as  that  which 
is  common  to  acetyl,  w-propyl,  and  /i-butyl. 


\-Menthyl  Diacetyl-à-tartrate. 

This  substance  was  prepared  by  heating  menthyl  tartrate  with  excess 
of  acetyl  chloride  for  2  to  3  hours.  The  undecomjDosed  acetyl  chloride 
was  then  distilled  oiï  and  the  viscid  residue  shaken  with  dilute  sodium 
carbonate  solution  and  then  with  water.  After  being  recrystallised 
several  times  from  dilute  alcohol,  the  ester  melted  at  84-5°, 

We  had  occasion  at  a  later  period  to  make  another  préparation  of 
this  compound,  and  the  ci-ystallisation  was  started  by  sowing  in  a  few 
particles  of  the  original  spécimen,  The  melting  point  of  the  product 
was  found,  however,  to  be  108°.  The  melting  point  of  the  first  sample 
— which  had  been  left  in  a  stoppered  bottle  for  some  months — was 
then  redetermined  and  found  to  be  also  108°.  The  rotation  had 
nevertheless  remained  unaltered. 

In  order  to  verify  thèse  observations,  a  third  spécimen  of  the  acetyl 
derivative  was  made,  using  freshly-prepared  menthyl  tartrate.  After 
the  acetyl  chloride  had  been  distilled  off,  the  crude  product  was  treated 
as  in  the  firsfc  case.  The  solid  obtained  melted  at  84°.  A  little  of 
this  substance  was  then  melted  on  a  spatula  and  allowed  to  cool,  and 
a  few  small  crystals  of  the  préparation  melting  at  1 08°  mixed  with  it. 
The  glassy  substance  obtained  was  powdered  on  porous  plate.  On 
heating,  it  appeared  to  soften  at  about  50°,  and  then,  as  the  tempéra- 
ture rose,  it  became  opaque  again  and  finally  melted  at  106 — 108°. 
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^-Menthyl  diacetyl-c?-tartrate  tlierefore  exists  iu  two  crystalline 
forms,  as  is  also  the  case  with  methyl  tartrate  (Trans.,  1904,  85,  765). 

The  original  préparation  in  absolute  alcohulic  solution  of  c  =  2 
gave  a  rotation  of  —204°  in  a  200  mm.  tube  at  15°,  whence 
[a]i?'- 51-0°  and  [M]^- 260-1°. 

0-2608  gave  0-6259  CO2  and  0-2079  Hp.     C  =  65-45  ;  H  =  8-86. 


0-2467 


0-5927  CO2    „    0-1981  H2O.     0  =  65-52  ;  H  =  8-92. 


CgsH^gOg  require.s  C  =  65-88  ;  H  =  9-02  per  cent. 

The  composition  of  this  substance  was  further  verified  by  prépara- 
tion and  analysis  of  the  chloroacetyl  derivative  of  menthyl  tartrate 
(see  p.  42)  and  by  the  following  molecular  weight  déterminations  : 


Sol  vent 

Benzène. 

Constant  =  50. 

M. 

w. 

=  510. 

Substance. 

Solveiit. 

Concentration. 

A. 

M.  W 

0-0414 

7-537 

0-549 

0-054 

508-5 

0-3488 

7-537 

4-63 

0-487 

475-2 

0-6213 

6-805 

9-00 

1-014 

455-0 

0-9137 

7-798 

11-72 

1-347 

4a5-0 

10127 

6-805 

14-88 

1-755 

424-0 

1-3666 

7-798 

17-52 

2-117 

414-0 

According  to  thèse  numbers,  the  molecular  -weight  diminishes  with 
increasing  concentration,  which  may  perhaps  be  due  to  combination  of 
solvent  and  soluté.  Somewhat  similar  cases  hâve  been  observed  by 
Kahlenberg  and  Lincoln  (Jour.  Physical  Chem.,  1899,  3,  19  ;  Chem. 
Centr.,  1899,  i,  810)  and  Walker  (Trans.,  1904,  85,  1110). 

Polarimetric  examination  of  the  ester  gave  the  following  numbers  : 


Rotation   of  \-Menthyl  Diacetyl-à-tartrate. 


1^(40  mm.). 
-17-720° 
18-700 
18-873 
19-102 
19-337 
19-870 

20  198 
20-755 

21  363 


Density. 
0-9915 
1-0100 
1-0130 
1-0180 
1-0195 
1  -0292 
10342 
1-0434 
1-0522 


m:- 


-227- 
236 
237 
239 
241 
246 
249 
253 
258 
256 


Densities  determined  : 

Température 115° 

Density 0-980é 

*  Interpolated. 


158-5° 
0-9494 
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With  regard  to  thèse  numbers.  little  eau  be  aaid,  inasmucli  as 
uther  data  with  which  they  might  be  compared  are  scarce.  Ethyl 
diacetyltartrate  appears  to  be  the  ouly  diacetyl  ester  the  rotation  of 
which  has  been  investigated  as  regards  température  change,  and  it,  in 
its  optical  behaviour,  seems  in  most  points  to  be  related  to  ethyl  tar- 
trate  in  just  the  opposite  way  to  that  in  which  menthyl  diacetyl- 
tartrate is  related  to  menthyl  tartrate. 

Thus  the  molecular  rotation  of  ethyl  tartrate  is  greater  at  tempéra- 
tures betvveen  0'^  and  100°  than  that  of  the  diacetyl  derivative.  It 
might  therefore  be  expected  that  the  diacetyl-menthyl  compound  would 
hâve  a  greater  négative  rotation  than  menthyl  tartrate,  which  is  not 
the  case.  Again,  the  température-coefficient  of  ethyl  diacetyltartrate 
is  less  than  that  of  ethyl  tartrate,  whilst  for  the  menthyl  esters  the 
opposite  holds. 

Some  explanation  of  this  may  be  obtained,  however,  from  the 
following  table,  in  which  such  data  as  are  available  regarding  the 
influence  of  the  substitution  of  acetyl  groups  are  collected  : 

Simple    Tartaric  Esters.     Diacetyl  Derivatives. 

Methyl [M]r     +3-68°.*         [M]l«    -37-28^  t 

(inalcohol  c  =  3-566). 

Ethyl   [M]!?'  -h  15-95°.*         [MJf     +9-9°.:J; 

w-Propyl  ...     [Mji«°  +29-67=.*         [M]î1^°  +42-93°.§ 
n-Butyl     ...     [MJi;''  [MJ^^'  +61-59°.|| 

It  will  be  observed  that,  although  in  the  methyl  esters  the  rotation 
of  the  acetyl  derivative  is  much  lower  than  that  of  the  simple  ester, 
the  différence  in  the  case  of  the  ethyl  esters  is  consiJerably  less,  whilst 
in  the  propyl  compounds  the  acetyl  derivative  has  the  greater  rotation. 
Unfortunately,  although  Freundler  has  examined  the  rotation  of 
îi-butyl  diacetyltartrate,  he  has  not  recorded  the  rotation  of  the  simple 
ester,  and  therefore  this  point  can  only  be  imperfectly  discussed.  It 
appears,  however,  that  as  the  alkyl  radicle  increases  in  weight  the 
différence  between  the  rotations  of  corresponding  substances  dimin- 
ishes,  and  finally  the  rotation  of  the  acetyl  compound  becomes 
greater  than  that  of  the  parent  ester,  and  since  the  menthyl  radicle 
is  of  considérable  size  it  would  natui-ally  be  expected  to  resemble 
the  propyl  group  rather  than  the  methyl  group. 

As  there  is  not  much  différence  between  the  analytical  numbers  for 
the  mono-  and  di-acetyl  derivatives  of  menthyl  tartrate,  \-r)ienthyl  di- 

*  Patterson,  Trans.,  1904,  85,  766.     f  Pictet,  Jahresber.,  1882,  856. 

î  Patteison  and  McCrae,  Trans.,  1900,  77,  1098. 

g  Compt.  rend.,  1893,  117,  556.  Freundler,  Compt.  rend.,  1892,  115,  509. 
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monochloroacetyl-à-tartrate  was  prepared  with  the  object  of  verifyiug  the 
composition  of  the  acetyl  derivative.  It  lias  been  shown  (Frankland 
and  Patterson,  Trans.,  1898,  73,  185)  that  whereas  two  acyl  groups 
can  be  introduced  into  the  methyl  and  ethyl  tartrate  molécules  by  the 
action  of  mono-  and  di-chloroacetyl  chlorides,  only  one  acyl  group  is 
introduced  by  trichloroacetylchloi-ide.  It  is  probable,  therefore,  that 
chloroacetyl  chloride  acts  less  readily  than  acetyl  chloride,  so  that  if 
the  former  yields  a  diacyl  derivative  (which  can,  of  course,  be  vei-y 
definitely  determined  by  a  chlorine  estimation)  the  latter  must  yield  a 
diacyl  compound  also. 

The  substance  obtained  by  the  action  of  chloroacetyl  chloride  on 
/-menthyl  c^-tartrate  was  crystallised  several  times  from  methyl  alcohol. 
It  melted,  rather  indefinitely,  at  99 — 102°. 

0-2310  gave  0-1142  AgCl.     Cl  =  12-23. 

CjgH^^OgClg  requires  Cl  =  12-25  per  cent. 

Polarimetric  examination  of  the  compound  in  absolute  alcoholic 
solution  gave  the  following  x-esults  :  c=\;  ^=200  mm.;  ^  =  19°, 
observed  rotation  =  -0-85°,  whence  [a]{,»°- 42-5°  and  [M]î?°- 246-1°. 

This  investigation  is  at  présent  being  extended  in  other  directions. 
The  results  so  far  obtained  may  be  summarised  as  follows  : 
.  (1)  Menthyl  acétate,  menthyl  tartrate,  and  menthyl  diacetyltar- 
trate  hâve  been  prepared,  and  their  rotations  examined  between  0°  and 
100°  and  compared  with  each  other  and  with  that  of  menthol  between 
the  same  températures. 

(2)  Menthyl  diacetyltartrate  is  dimorphous,  one  modification  melt- 
ing  at  84-5°  and  the  other  at  108°. 

(3)  It  lias  been  found  that  for  menthol  there  is  a  température 
(58 — 59°)  of  minimum  rotation  (maximum  négative  rotation),  but  no 
Buch  température  bas  been  observed  for  its  derivatives. 

(4)  It  seenis  possible,  reasoning  by  analogy,  to  trace  the  separate 
effects  of  the  dilïerent  active  groups  composing  menthyl  tartrate  and 
its  diacetyl  derivative. 

In  conclusion,  the  authors  désire  to  acknowledge  their  indebted- 
ïiess  for  grants  from  the  Government  Fund  of  the  Royal  Society 
and  from  the  Chemical  Society  Research  Fund,  which  defrayed  the 
expenses  of  this  investigation. 

The  Univehsity,  The  Univeksity, 

Glasgow.  Leeds. 
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VIII. — llie  Availahle  Plant  Food  in  Soils. 

By  Herbert  Ixgle. 

Considérable  attention  has  recently  been  devoted  by  agricultural 
chemists  to  the  methods  by  which  sonae  knowledge  of  the  amounts  of 
the  minerai  constituents  of  plant  food  présent  in  soil  in  a  condition 
available  to  plants  might  be  acquired.  It  has  long  been  recoguised 
that  estimations  of  the  total  quantities  of  phosphoric  acid,  potash,  and 
lime  présent  in  a  soil  are  of  little  value  as  indications  of  its  fertility 
or  of  its  manurial  requirements. 

In  a  récent  paper  by  Hall  and  Plymen  (Trans.,  1902,  81,  117),  a 
review  of  the  varions  methods  proposed  for  the  estimation  of  the  avail- 
able phosphoric  acid  and  potash  is  given,  as  is  also  a  comparison  of  the 
results  obtained  by  thèse  methods,  with  the  known  manurial  needs  of 
several  soils  as  indicated  by  field  trials.  Thèse  authors  find  that 
amounts  of  phosphoric  acid  and  potash  extracted  by  treatment  of  soils 
with  dilute  acids  are  much  more  closely  proportional  to  the  quantities 
présent  in  an  available  condition  than  those  obtained  by  the  use  of 
strong  hydrochloric  acid.  They  at  the  same  time  assert  that  no  sharp 
line  of  distinction  can  be  drawn  between  the  available  and  non- available 
phosphates  and  potash,  and  that  every  method  tried  gave  empirical 
results,  They  finally  conclude  that  of  ail  the  methods  used  : — (1)  extrac- 
tion with  a  1  per  cent,  solution  of  citric  acid,  (2)  with  équivalent  quantities 
of  hydrochloric  acid  and  acetic  acid,  (3)  with  a  saturated  solution  of  car- 
bonic  acid,  and  (4)  with  an  ammoniacal  solution  of  ammonium  citrate, 
the  first  named  gave  results  most  in  agreement  with  the  actual  relative 
fertility  of  the  soils. 

This  particular  strength  of  citric  acid  solution  was  apparently 
first  suggested  by  Stutzer  {Chem.  Centr.,  1884,  5,  329  ;  Abstr., 
1885,  48,  439)  as  a  solvent  for  extracting  the  "available"  phos- 
phates from  manures,  instead  of  the  usual  ammonium  citrate  solu- 
tion. The  method,  the  value  of  which  as  applied  to  manures  was 
confirmed  by  Thomson  (Abstr.,  1886,  50,  392),  was  recommended  by 
Dyer  (Trans.,  1894,  65,  115)  for  estimating  the  available  minerai 
plant  food  in  soils.  Dyer  was  led  to  use  a  1  per  cent,  solution  of  citric 
acid  from  the  results  of  the  déterminations  of  the  average  sap  acidity 
of  the  roots  of  a  large  number  of  plants.  He  showed  by  an  applica- 
tion of  the  method  to  the  barley  soils  of  the  Hoos  Field,  Eothamsted, 
that  its  indications  were  endorsed  by  the  results  of  actual  field  trials. 
Subséquent  expérience  has  confirmed  the  value  of  the  process,  which  is 
now  largely  used  in  soil  analysis  under  the  name  of  "  Dyer's  method." 

It  occurred   to  the  writer  that   the   growth  of   plants   in  soil  from 
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whicli  the  available  phosphoric  acid  and  potasli  had  beeu  extracted  by 
Dyer's  method  might  afford  viseful  information.  Se  far  as  he  can 
ascertain,  no  experiments  on  thèse  lines  hâve  been  made.* 


Préparation  of  the  Soil. 

About  three  hundredweights  of  soil  from  an  arable  field  at  the 
Garforth  Expeinmental  Farm  were  taken  in  February,  1901,  to  a 
depth  of  six  inches  and  sent  to  the  laboratory  by  rail.  The  soil  was 
air-dried  on  a  clean  concrète  floor  for  about  a  week  with  occasional 
stirring.  It  was  then  sifted  through  a  sieve  with  quarter-inch  square 
meshes  and  the  fine  portion  preserved  in  a  cask.  This  air-dried  soil 
lost  11 '6  per  cent,  of  moisture  when  heated  in  the  steam  oven. 

A  portion  of  the  soil  was  extracted  with  a  1  per  cent,  solution  of 
citric  acid,  exactly  as  in  Dyer's  method.  The  extraction  was  performed 
in  a  large  tin  cylinder  provided  with  a  finely  perforated  double  false 
bottom  ;  between  the  two  métal  plates,  a  pièce  of  fine  linen  cloth  was 
placed  and,  by  means  of  a  filter  pump  attached  to  a  tubulure  in  the 
cylinder  below  the  false  bottom,  the  extract  could  be  filtered  off. 
Filter  paper  was  first  tried,  but  the  cloth  was  found  to  be  much  more 
serviceable.  The  cylinder  was  fitted  with  a  rotatory  wooden  stirrer 
driven  by  a  water  motor. 

By  means  of  this  apparatus,  ten  kilograms  of  soil  could  be  treated 
with  a  hundred  litres  of  citric  acid  solution  at  a  time.  Allowance  was 
made  for  the  water  contained  in  the  air-dried  soil.  At  each  extraction, 
the  stirrer  was  kept  running  night  and  day  for  seven  days,  and 
periodically  a  quantity  of  the  liquid  from  below  was  drawn  off  and 
added  at  the  top  so  as  to  maintain  the  uniformity  of  the  concentration 
of  the  liquid.  After  each  extraction,  the  clear  liqiiid  Avas  removed 
from  below  by  means  of  the  filter  pump,  an  opération  which  took 
about  two  days,  and  the  soil  washed  five  or  six  times  with  distilled 
water.  The  soil  was  then  drained  as  thoroughly  as  possible  by  suction, 
removed  from  the  apparatus,  and  dried.  By  repeating  this  opération 
four  times,  about  thirty-three  kilograms  of  dried,  extracted  soil  were 
obtained.  This  was  well  mixed  together  in  order  to  secure  uniformity, 
and  used  in  the  pot  cultures.     The  soil  was  taken  from  the  field  and 

■•'  Siuce  this  account  was  written,  a  paper  by  Soderbaum  lias  appeared  {Kungl, 
Landtbruks-Akadeniiens  hancUingar  och  tidskrift,  1903,  103 — 106  ;  Bied.  Centr., 
1903,  32,  795 — 798),  describing  the  results  obtained  by  gi'owing  barley  in  soils 
which  had  previously  been  extracted  for  forty-eight  hours  with  a  2  per  cent,  solu- 
tion of  hydroehloric  acid  at  the  ordinary  température.  The  results  show  that  such 
soil  is  incapable  of  supporting  plant  life,  but  that  the  addition  of  calcium  carbonate 
in  a  great  measure  restores  its  fertility.  Neither  analyses  of  the  soil  or  crops  nor 
déterminations  of  the  amounts  of  phosphoric  acid  and  potash  removed  by  the  acid 
treatuient  are  given  in  this  paper. 
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the  extraction  made  in  the  early  spring  of  1901  and  the  plants  were 
grown  in  the  same  year,  but  the  pot  cultures  were  repeated  with  more 
care  in  1902. 

The  ox'iginal  soil  was  analysed  with  the  following  resuit  : 


Per  cent. 
Stoiies  removed  by  3  mm.  sieve     2-27 

The  fine  soil  contained  : 

iloistuie 3  '7  7 

Loss  on  ignition    6'63 

(containing  nitrogen,  0'259 
par  cent.). 
Silica  and  insohible  matter 80"30 


Per  cent. 

Fenic  oxide  and  alumina    6'64 

Lime    0-81 

Magnesia    0'31 

Phosphorus  pentoxide 0'16 

Potash 0-14 

I^ot  determined l'24 

100-00 


On  treating  the  soil  for  seven  days  with  a  1  per  cent,  solution  of 
citric  acid,  the  following  constituents  were  extracted  : 


Per  cent. 

Potash 0-0110 

Phosphoric  oxide  0-062 


Lime    . . . 
Nitrogen . 


Per  cent. 
..  0-553 
..     0-011 


The  soil  which  had  been  extracted  with  citric  acid  was  lighter  in 
colour  aud  somewhat  more  cohérent  than  the  original  soil. 

In  order  to  lessen  any  influence  on  the  plants  due  to  change  in  the 
physical  properties  of  the  soil  by  extraction,  both  the  extracted  and  the 
original  soils  were  mixed  with  ten  per  cent,  of  their  weight  of  coarse 
silver  sand,  which  was  freed  from  any  contained  plant  food  by  previous 
treatment  with  strong  hydrochloric  acid  and  thorough  washing  with 
water.  The  new  flower-pots  employed,  which  were  six  inches  in 
diameter,  were  extracted  before  use  for  at  least  an  hour  with  hydro- 
chloric acid  (one  of  strong  acid  to  four  of  water)  and  thoroughly 
washed.  The  broken  earthenware  used  for  "  drainage  "  at  the  bottoms 
of  the  pots  was  subjected  to  the  same  treatment  and  one  hundred 
grams  were  used  in  each  pot. 


The  Experiments  of  1901, 

Thèse  investigations  were  vitiated  by  the  very  hot  weather,  the 
attacks  of  insect  pests,  and,  in  the  case  of  barley,  by  the  déprédations 
of  sparrows.  They  are  briefly  described  because,  although  the 
examination  of  the  crops  was  not  completed,  the  qualitative  results 
may  be  of  some  interest. 

The  three  plants  selected  for  experiment  were  :  (1)  Barley  (Garton's 
"Standwell");  (2)  Turnip  ("  Tweedale  Green  Globe");  (3)  Horse 
Bean  (variety  not  ascertained). 


Pot. 

1, 

la, 

and  16  . 

2, 

2a, 

,, 

2h  . 

3, 

3a, 

M 

U  . 

4, 

4a, 

,, 

46  . 

5, 

5a, 

,, 

56  . 

6, 

6«, 

,, 

66  . 

7, 

7«, 

„ 

76  . 

8, 

8a, 

,, 

86  . 
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Eight  pots  wei^e  assigned  to  each  crop,  numbers  1  to  8  to  barley,  la 
to  8a  to  turnips,  and  16  to  86  to  beans. 

The  soil  allotted  to  each  pot  is  shown  in  the  following  table  ; 

Soil. 
..  Original  soil. 
..  Water-washed  soil. 

. .  Extracted  soil  +  lime,  phosphate,  and  potash, 
..  Extracted  soil  +  lime  and  potash. 
, .  Extracted  soil  +  lime  and  phosphate. 
,.  Extracted  soil  only. 
, .  Extracted  soil  +  lime. 
.  Extracted  soil  +  potash  and  phosphate. 

The  lime,  potash,  or  phosphoric  acid  restored  to  the  extracted  soil  in 
certain  of  the  pots  was  equal  to  that  removed  from  the  original  soil  by 
the  citric  acid  treatment.  The  lime  was  added  in  the  form  of 
precipitated  calcium  carbonate,  the  potash  as  potassium  nitrate,  and  the 
phosphoric  acid  as  sodium  phosphate.  The  two  latter  were  added  in 
aqueous  solution,  whilst  the  calcium  carbonate  was  well  mixed  vvith  the 
soil,  The  soils  were  moistened  from  below  with  distilled  water,  and  on 
June  4th  were  seeded. 

Seedlings  were  visible  in  ail  the  barley  and  turnip  pots  by  the  lOth 
of  this  month,  but  the  beans  were  not  ail  up  before  the  18th. 

The  barley  and  turnip  seedlings  in  the  extracted  soil  (pots  6  and  6a) 
were  very  feeble  from  the  first,  and  the  turnips  in  6«  were  dead  on  the 
22nd.  Additional  seeds  were  sown  in  this  pot  on  the  19th,  and  as  it 
was  thought  that  the  death  of  those  first  sown  might  be  due  to  lack  of 
nitrates,  about  0  1 5  gram  of  sodium  nitrate  was  ajiplied  in  solution  to 
the  surface  soil  in  this  pot. 

In  the  case  of  the  turnips,  and  to  a  less  extent  with  the  barley,  the  . 
signs  of  starvation  soon  showed  themselves  in  the  extracted  soil  (pots 
6  and  6a),  as  did  also  the  advantages  of  a  libéral  supply  of  plant  food 
(greatest  and  most.  readily  available  being  in  pots  3  and  3a).  With 
beans,  thèse  différences  were  not  so  apparent  in  the  early  stages  of 
growth,  although  they  became  so  later. 

Unfortunately,  the  turnips,  and  to  a  less  extent  the  beans,  sulïered 
so  much  from  the  attacks  of  aphides,  and  the  barley  was  so  damaged 
by  sparrows,  that  it  was  deemed  inadvisable  to  expend  the  time  and 
labour  necessary  for  their  analysis. 

With  beans,  the  following  are  the  weights  of  the  air-dried  plants 
(without  roots)  at  the  end  of  their  growth  ; 
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Pot.  Weight  in  graras.  Pot.  Weight  in  grams. 

lô 5-305  55  20-441 

26 12-385  66  1-047 

36 26-385  76 1-454 

46  not   recorded  86  17-975 

With  barley,  less  différences  were  shown,  except  with  pot  6,  the  dry 
weight  of  the  -whole  plants  in  this  pot  being  about  one-seventh  of  that 
of  the  others. 

Summary  of  the  1901  Experiments. 

The  following  gênerai  conclusions  may  be  drawn  : 

(1)  In  soil  treated  for  seven  days  with  ten  times  its  weight  of  a 
1  per  cent,  solution  of  citric  acid,  the  growth  of  plants  is  greatly 
hindered,  especially  at  first,  and  the  total  produce  is  very  small. 

(2)  The  restoration  of  an  amount  of  potash  and  phosphoric  acid,  in 
soluble  form,  equal  to  that  removed  by  the  citric  acid  treatment 
enables  the  extracted  soil  to  yield  a  larger  crop  than  could  be  obtained 
from  the  original  soil.  In  other  words,  the  restored  plant  food  is  more 
"available  "  than  that  originally  présent, 

(3)  Extraction  with  a  1  per  cent,  solution  of  citric  acid  for  seven 
days  does  remove  from  a  soil  at  least  the  greater  portion  of  the 
*'  available  "  potash  and  phosphoric  acid.  In  this  connection,  it  must  be 
borne  in  mind  that  the  available  minerai  plant  food  in  a  soil  is  being 
continually  renewed  by  processes  of  weathering,  and  that  even  if  its 
quantity  were  absolutely  nil  at  the  commencement  of  the  experiment, 
it  would  not  remain  so,  but  would  increase  by  the  action  of  moisture 
and  air  on  the  minerai  matter. 

Another  weakness  of  the  method  is  also  realised,  namely,  that  the 
bacteriological  condition  of  the  soil  may  be  affected  by  the  treatment, 
and  this  may  bave  an  effect  on  the  growth  of  the  plants.  How  far  the 
results  are  affected  by  this  influence,  the  writer  is  unable  to  say. 

The  Experiments  of  1902. 

In  1901,  the  plants  had  to  be  grown  at  Garforth,  at  some  distance 
from  the  laboratory,  and  considérable  difl&culty  was  experienced  in 
properly  attending  to  them.  In  1902,  advantage  was  taken  of  the 
offer  of  one  of  the  writer's  students,  Mr.  W.  H.  Dobson,  lo  undertake 
the  Personal  supervision  of  the  growth  of  the  plants  at  Stapleton  Park 
Gardens,  near  Pontefract.  Mr.  Dobson,  who  is  an  experienced 
horticulturist,  took  the  greatest  care  of  the  plants,  and  when  he 
returned  them  at  the  end  of  their  growth  they  were  in  perfect 
condition,  not  a  leaf  being  derauged  on  any  of  them. 
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In  this  investigation,  parallel  growths  of  barley  and  beans  were 
made  in  the  original  soil  and  in  the  citric  acid  extracted  soil.  In  each 
case,  the  soil  was  mixed  with  10  per  cent,  of  its  weight  of  white  sand 
which  had  been  thorovighly  extracted  with  hydrochloric  acid,  as  in  the 
})revious  year's  experiments.  The  pots  used  and  the  earthenware 
employed  for  "  drainage  "  were  also  treated  with  acid  and  well 
washed. 

Eight  pots  were  used,  four  for  barley  and  four  for  beans.  Pots  1,  2, 
5,  and  6  contained  the  original  soil  to  which  10  per  cent,  of  washed 
sand  had  been  added  ;  pots  3,  4,  7,  and  8  held  a  mixture  of  the  citric 
acid  extracted  soil  with  10  per  cent,  of  sand. 

Each  pot  held  1475  grams  of  the  mixture  of  soil  and  sand.  As  it 
was  thought  that  the  extraction  and  washing  of  the  soil  might  affect 
the  early  growth  of  the  plants  by  the  removal  of  nitrates,  the  contents 
of  ail  the  pots  were  moistened  with  distilled  watev  containing  10 
grains  of  ammonium  nitrate  to  the  gallon  (0-143  gram  per  litre). 

On  May  2nd,  when  the  soil  was  thought  to  be  in  a  suitable  condition 
as  to  moisture,  barley  was  planted  in  pots  1,  2,  3,  and  4.  The  next 
day,  beans  were  planted  in  pots  5,  6,  7,  and  8.  The  plants  were  sub- 
sequently  watered  as  required  with  distilled  water. 

From  notes  taken  by  Mr.  Dobson,  the  following  are  the  chief 
points  observed  with  respect  to  the  growth  of  the  plants  : — 1.  With 
the  comparatively  small  seeds  of  barley,  the  appearance  of  the  seed- 
lings  above  the  ground  was  considerably  retarded  in  the  extracted 
soil,  the  dates  at  which  the  young  plants  were  first  visible  in  the 
various  pots  being  : 


May    9th   in  Pot  No.  1,  that  is,   7  day  s  after  sowing. 
May  lOth         „       „    2,       „        8 
May  14th         „       „     3,       „       12 
May  15th  „       „     4,       „       13 


In  the  case  of  the  beans,  witli  their  larger  seeds,  no  such  effect 
was  noted,  seedlings  appearing  on  May  22nd  in  Pots  5  and  8  and  on 
May  23rd  in  Pots  6  and  7.  This  is  doubtless  due  to  the  growth 
of  the  barley  being  more  dépendent  on  an  early  supply  of  nutri- 
ment from  the  soil  than  that  of  the  beans,  the  larger  seeds  of  which 
supply  nourishment  to  the  young  plant  for  a  longer  period. 

2.  With  both  barley  and  beans,  the  inferiority  of  the  plants  in  the 
exti'acted  soil  was  greatest  during  the  oarly  periods  of  growth  and 
became  less  marked  in  the  later  stages,  probably  because  the  changes 
in  the  extracted  soil  would  gradually  render  available  some  of    the 
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minerai  matter  oiiginally  présent  in  an  unavailable  condition.  The 
following  table  gives  the  average  height  of  the  barley  plants  in  each 
pot  at  the  varions  dates  : 


Date.  Pot  1. 

June  20tli .5-8 

July  4tli 12-8 

July  ISth  16-2 

August  Ist 20-0 

Ausust  l.r>th 20-0 


Avciage  height  in  iuL'hes. 


Pot  2. 

Pots. 

Pot  4. 

4-9 

2-8 

3-3 

10-6 

4-5 

8-1 

18-3 

9-6 

10-0 

21-0 

13-2 

14-9 

21-0 

17-0 

15-5 

Pot   1 


Original  soi!.  Citiic  acid  estractcd  soi). 

Plate  l.—Badcij,  1902  cxperiment. 


With  the  beans,  the  relative  progress  may  be  gathered  froni  the 
following  table,  giving  the  height  in  inches  of  each  plant  atthe  varions 
dates  : 


Pot 


Date.  o. 

June  6th 1-5 

June  20th   9-0 

July  4th 19-3 


h.    Meau. 
2-3     1-9 
—     9-0 
5-0  12-1 


August  15th  ...  37-0  16-0  26-r) 
VOL.    LXXXVIl. 


a.       0 

1-5     2 

7-0     6 

18-3  17 

30-0  30 


Mean 
0  1-8 
5  6-8 
0  1(3  T. 
0  30-0 


Pot 


Pot  8. 


1-0 
4-r) 

7-8 
17-0 


b.    Jleau. 
1 -3     1  -2 
3-8 

17-0 


3-0 
4-8 
17-0 


a.  b.    Mean. 

2-5  l-ô     2-0 

6-0  û-0     y-.") 

11 -0  9-5  10-3 

21-0  16-0  IS-.*) 
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It  is  to  be  noted  that  in  Pot  3  (barley  in  extracfced  soil)  two 
of  the  four  plants  became  very  sickly  about  the  end  of  July,  and 
were   dead    on    August  Lst,  and  that  one  bean  of    the  two    in    Pot 


;inal  soil. 

Plate  II 


Extracted  soil. 


-Bcans,  1902  experiment. 


5  became  "  blind  "  in  June,  but  put  out  latéral  shoots  and  afterwards 
grew  vigorously. 

The  plants  were  photographed  on  October  8th,  by  which  date  they 
had  completed  their  growth  and  ripened  their  seed.  They  were  kept  in 
the  laboratory  until  ISTovember  17th,  when  they  were  eut  off  at  the 
siirface  of  the  soil  and  preserved  for  analysis. 
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Analysis  of  the  Plants. 

The  following  déterminations  -were  made  in   the  yield  from  each 
pot  : 


"Weight  of  the  wliole  air-dried  plants. 
, ,         seed. 
,,  straw. 

,,         dry  luatter  in  straw, 
,,  ash  in  straw. 


Weight  of  silica  in  straw, 

,,         phosphoric  acid  in  straw. 
, ,         potash  in  straw. 
,,        phosphoric  acid  in  seed. 
,,         potash  in  seed. 


The  déterminations  of  silica  are  not  very  accurate,  inasmuch  as  some 
of  the  lower  leaves  and  straw,  especially  in  the  case  of  beans,  wore 
contaminated  with  particles  of  soil  which  it  was  difficult  to  remove 
entirely.  The  chief  interest,  however,  attaches  to  the  amounts  of 
potash  and  phosphoric  acid  contained  in  the  plants. 

In  the  following  tables  are  given  the  data  for  each  pot,  the 
mean  amounts  for  the  two  pots  containing  original  soil  and  for 
the  two  containing  the  extracted  soil,  and  also  the  ratio  of  thèse 
mean  s. 

Barhy,    1902. 

Original  soil.  Extracted  soil. 

, • ,  ^ * ,  Ratio 

Pot  1.      Pot  2.      Mean.  Pot  3.     Pot  4.      Mean.  ofmeans. 

Weight  of  whole  crop.     4-9060     5-3382     5-1221  1-9000     2-1250     2-0125  2-55:1 

straw   2-6276     2-9030     2-7653  1-2228     l-210i     1-2166  2-27:1 

grain    22784     2-4352     2-3568  0-6772     0-9146     0-7959  295:1 

Number  of  grains 54  72  63  23  30  27  2-32:1 

Average  weight  of  one 

grain  0-0420     00324     00372  0-0-291     00305     0-0-298  1-25:1 

In  the  wliole  plant  : 

Phosphoric  acid    00-206     0-0167     0-0187     0-0040     0-0051     0-0045     4-15:1 

Potash    0-0702     0-0662     0-0682     0-0188  *  —        3-60:1 

In  Ihe  straw  : 

Phosphoric  acid    00040  0-0020  "  0-0030  0-0012  0-0018  O'OOIS  2-00:1 

Potash    0-0548  0-0472  0-0510  0-0172  00267  0-0219  2-35:1 

Silica 0-1072  0-1168  0-1138  0-1200  0-1046  0-1123  100:1 

Total  dry  matter  2-3263  2-56:36  24449  1-1073  1-1808  1-1440  215:1 

Ash 0-2472  0-2:345  0-2408  0-1780  0-1678  0-1729  1-40:1 

In  the  grain  : 

Phosphoric  acid    0-0166     00147     0-0157     0-0028     0-0033     00031     4-75:1 

Potash    0-0154     00197     0-0172     0-0016         ?  —      iro    :1 


The  weight  of  the  barley  grains  used  as  seed  in  each  pot  was  on  the 
average  0-0528,  the  total  weight  therefore  of  4  seeds  would  be  0-2112 
giam.  The  phosphoric  acid  contained  in  the  4  grains  would  amount  to 
0-00065,  the  potash  to  0-OOOOU  gram, 

E  2 
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Beans,   1902, 

Original  soil. 


Extracted  soil. 


Pot  5.  Pot  6.  Meau. 

Weight  of  whole  crop.  14-2802  11-3890  12-8346 

straw   8-3312  7-3875  7-8594 

seed..., 5-9490  4-0015  4-9752 

Number  of  seeds  9              7              8 

Average  weight  of  one 

seed    0-6610  0-5736  0-6163 


Pot  7. 

2-4444 

1-7924 

0-6520 

2 


Pots. 
2-7122 
2-2522 
0-4600 


Mean. 
2-5783 
2-0-223 
0-5560 


Ratio 
of  means. 
5-0  :  1 
3  9  :  1 
8-9:1 
4-0:1 


0-3260     0-2300     0-2780     2-2:1 


In  the  whole  plan 

Phosphoric  acid    

Potash    ■ 

0-0341 
0-1297 

0-0171 
0-0848 

0-0256 
0-1073 

0-0100 
0-0465 

0-0089 
0-0568 

0-0094 
0  0516 

2-7 
2-1 

1 
1 

In  the  straw  : 

Phosphoric  acid    

Potash    

Silica  

Total  dry  matter  

Ash 

0-0130 
0-0928 
0-0537 
7-1700 
0-8538 

0-0082 
0-0495 
0  0750 
6-2662 
0-7184 

0-0106 
0-0711 
0-0643 
6-7181 

0-7861 

0-0042 
0-0424 
0-0474 
1  -5622 
0-1820 

0-0053 
0-0545 
0-0146 
1-9432 
0-1770 

0-0047 
0  0484 
0-0310 
1-7527 
0-1795 

2-2 
1-5 
2-1 
3-9 

4-4 

1 
1 
1 
1 
1 

In  the  seed  : 

Phosphoric  acid    

Potash    

0-0211 
0-0369 

0-0089 
0-0353 

0-0150 
0-0361 

0-0058 
0-0041 

0-0036 
0-00-23 

0-0047 
0  0032 

3-2 
11-3 

1 
1 

The  following  are  the  most  important  points  indicated  in  the 
foregoing  tables  : 

1.   Weight  of  the  Whole  Air-dried  Crop. 

This  -was,  in  every  case,  much  greater  in  the  pots  containing  the 
original  soil.  With  barley,  the  total  produce  of  Pots  1  and  2  amounted 
to  10-24:42  grams,  that  of  the  two  pots  containing  the  extracted  soil  to 
4-0250  grams,  thèse  numbers  being  in  the  ratio  of  2-55  to  1. 

In  the  case  of  beans,  the  différence  -was  greater  ;  the  two  pots  of 
original  soil  yielded  a  total  crop  of  25-6692  grams,  -whilst  the  t-wo  pots 
of  extracted  soil  only  gave  5-1566  grams,  thèse  numbers  being  in  the 
ratio  of  nearly  5  to  1. 


2.    Weight  of  the  Seed, 

The  barley,  126  seeds,  from  the  two  pots  of  original  soil  weighed 
4-7136  grams,  that  from  the  two  pots  of  extracted  soil,  53  seeds, 
1*5918  grams,  thèse  numbers  being  in  the  ratio  of  2-95  to  1.  With 
beans,  the  différence  in  yield  was  greater,  the  aggregate  weights  being 
9-9505  from  the  original  and  1-1120  from  the  extracted  soil,  a  ratio  of 
8-9  to  1. 

The  seeds  produced  in   the  original   soil  were  not  only  numerically 
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greatei' — barley,  126  agaiiist  53,  beans,  16  against  4 — but  the  average 
weight  of  the  individual  seeds  was  much  greater,  especially  in  the  case 
of  the  beans. 

3.   The  Amounts  of  Potash  and  Phosphoric  Acid  i7i  the  Plants. 

This  was,  perhaps,  the  most  important  part  of  the  investigation. 
The  tables  show  that  the  barley  plants  were  able  to  abstract  more 
than  four  times  as  much  phosphoric  acid  and  nearly  four  times  as 
much  potash  f rom  the  original  soil  as  they  could  from  the  extracted 
soil. 

From  the  manner  in  which  the  barley  grew  in  the  extracted  soil,  it 
appeared  highly  probable  that  the  phosphates  and  potash  were 
assimilated  mainly  in  the  later  periods  of  growth,  and  that  at  first 
the  plants  were  able  to  obtain  very  little  of  thèse  siibstances  from  the 
soil. 

With  beans,  similar  results  were  obtained,  except  that  the  plants 
were  able  to  take  much  larger  quantities  from  the  soil,  especially 
from  the  extracted  soil. 

The  figures  in  the  table  show  that  the  beans  grown  in  the  original 
soil  contained  more  than  twice  as  much  potash  and  more  than  twice  as 
much  phosphoric  acid  as  those  grown  in  the  extracted  soil. 

It  would  thus  appear  that  beans  are  more  capable  than  barley  of 
readily  assimilating  both  potash  and  phosphates.  In  this  connection, 
it  is  well  to  remember  that  the  larger  store  of  plant  food  contained  in 
the  seed  of  the  bean  would  be  able  more  elïectually  to  tide  the  young 
plant  over  the  early  period,  during  which  the  soil  was  unable 
to  supply  potash  and  phosphates,  than  would  be  the  case  with  the 
smaller  seeds  of  barley,  It  is  also  noteworthy  that  Dyer,  in  his  déter- 
minations of  the  acidity  of  the  root  juices  of  varions  plants,  found 
higher  values  for  Leguminosœ  than  for  cereals  (Trans.,  1894,  65, 
133 — 134).     His  numbers  are  as  follows  : 

Sap  acidity. 


In  ternis  of  hydrogen.  In  terms  of  citric  acid. 

Beans  (field  grown) 0-0159  1*11  per  cent. 

Barley  0-0054  0-38 

After  the  conclusion  of  the  experiment,  the  soil  from  Pots  3,  4,  and 
7  (extracted  soil)  were  examined  by  Dyer's  method  for  available  pot- 
ash and  phosphoric  acid,  due  allowance  being  made  for  the  présence  of 
the  added  sand.  As  was  expected,  thèse  soils,  which  had  been  deprived 
of  their  available  plant  food  at  the  commencement  of  the  experiment, 
were  found  at  its  conclusion  to  contain  considérable  quantities  of  both 
potash  and  phosphates  soluble  in  1  per  cent,  solution  of  citric  acid. 
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The  numbers  were  as  follows  : 

Available  pbosphoric  acil.  Available  potasli. 

Pots  0-021  per  cent.  0-0147  per  cent. 

Pot  4...  0-018       „  00147       „ 

Pot  7  0-010       „  0-0072       „ 

Thèse  figures  show  that  by  the  chemical  change  which  went  on 
in  the  soil  during  the  growth  of  the  plants  large  quantities  of 
minerai  plant  food,  particularly  of  potash,  became  soluble  in  citric  acid 
solution.  In  fact,  the  amount  of  this  regained  "  available  potash  "  in 
the  case  of  the  barley  pots  exceeds  that  removed  by  treatment  with 
citric  acid  at  the  commencement  of  the  experiment  (0-0110  per  cent.). 

Thèse  results  indicate  that  soils,  under  favourable  conditions  as  to 
moisture,  are  possessed  of  remarkable  recuperative  powers,  and  that  the 
renewal  of  the  available  plant  food  may  take  place  with  considérable 
rapidity. 

Sumviary. 

The  gênerai  conclusion  to  be  drawn  from  the  results  of  this  investiga- 
tion is  that,  whilst  Dyer's  method  aiïords  a  satisfactory  means  of 
measuring  the  relative  amounts  of  available  plant  food  in  two  soils  at 
a  given  time,  it  may  not  accurately  gauge  their  relative  fertility, 
inasmuch  as  it  leaves  undetermined  the  relative  rapidity  with  which 
the  available  plant  food  is  renewed  by  the  processes  of  weathering 
and  decay.  However,  under  similar  climatic  conditions,  the  rate  wiU 
probably  be  approximately  the  same  for  most  soils. 

The  method,  therefore,  should  be  of  great  value  in  comparing  soils, 
the  conditions  of  which  as  to  climate,  ko..,  are  similar.  But  its  indica- 
tions might  lead  to  erroneous  views  as  to  the  relative  fertility  of  soils 
from  tropical  countries  when  compared  with  those  in  temperate 
climates,  since  in  the  former  a  smaller  amount  of  available  plant  food 
in  the  soil,  if  renewed  more  rapidly,  as  it  probably  is,  might  furnish  to 
the  plants  an  actually  greater  quantity  of  nutriment  than  would  be 
yielded  by  a  soil  containing  a  considerably  larger  amount  of  available 
food,  but  in  which  the  processes  by  which  the  unavailable  become 
available  went  on  more  slowly. 

Of  the  probable  truth  of  thèse  conclusions,  the  writer,  from  a  com- 
parison  of  his  analyses  of  the  soils  of  the  Transvaal  with  those  of 
English  soils,  is  fully  persuaded,  although  he  fully  realises  the  favour- 
ing  influences  of  abundant  sunshine  and  high  température  which  affect 
the  growth  of  plants  in  South  Africa,  and  which  help  to  explain  the 
fact  that  luxuriant  crops  are  yielded  by  soils  which,  on  analysis,  appear 
to  be  extremely  déficient  in  plant  food. 
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IX. — The  Constitution  of  Nitrogen  lodide. 

By  OswALD  Silberrad,  Ph.D. 

SiNCE  its  discovery  in  1812  by  Courtois,  the  explosive  compound  pro- 
duced  by  the  action  of  ammonia  on  iodine  has  been  repeatedly 
investigated,  with  a  view  to  establishing  its  chemical  constitution, 
but  many  of  the  results  given  in  the  older  chemical  literature  hâve 
been  subsequently  shown  to  be  erroneous.  The  difficulties  experi- 
enced  by  ail  workers  in  investigating  the  constitution  of  nitrogen 
iodide  are  mainly  due  to  the  extrême  sensitiveness  of  the  compound 
in  the  dry  state.  Origiually,  the  compound  was  believed  to  be  simply 
an  iodide  of  nitrogen  containing  no  other  élément.  Marchand  showed, 
liowever  {.T.  jv.  Chem.,  184-0,  19,  1),  that  when  nitrogen  iodide  was 
detonated,  ammonium  iodide  was  one  of  the  products,  thus  proving 
the  présence  of  hydrogen.  By  combustion  over  heated  lead  chromate, 
he  showed  that  the  percentage  of  hydrogen  must  be  very  small. 

Bunsen  showed  [Annalen,  1852,  84,  1)  that  nitrogen  iodide  could 
lie  prepared  from  ammonia  and  iodine  in  the  complète  absence  of  water, 
thus  proving  that  osygen  was  not  présent.  He  also  showed  that  the 
only  by-produet  formed  was  hydrogen  iodide,  from  which  it  follows 
that  the  reaction  is  one  of  direct  substitution,  and  that  nitrogen  iodide 
is  still  a  compound  of  the  ammonia  type. 

The  observation  of  Gladstone  {Chem.  Gazette,  1851,  9,  269)  that 
ammonia  is  set  free  in  the  préparation  of  nitrogen  iodide  from  am- 
monium iodide  and  bleaching.,  powder  does  not  give  any  definite 
indication  as  to  the  formula  of  the  compound,  although  Gladstone 
considered  it  an  argument  in  favour  of  the  formula  NHI,,. 

Sziihay  found  {Ber.,  1893,  26,  1933)  that  when  ammonia  interacted 
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with  iodine,  half  the  iodine  was  conveited  into  nitrogen  iodide,  the 
other  half  being  found  as  ammonium  iodide.  This  gives  no  informa- 
tion as  to  the  composition  of  the  nitrogen  iodide.  however,  but  only 
shows  that  nitrogen  iodide  is  a  direct  substitution  product  of  ammonia, 
that  is,  one  molécule  of  hydrogen  iodide  (and  hence  of  ammonium 
iodide)  is  formed  for  each  atom  of  iodine  which  enters  into  combination 
with  the  nitrogen. 

Thus,  taking,  for  instance,  the  formula  NgHglg,  the  formation  of 
nitrogen  iodide  would  be  represented  by  the  équation 

5NH3    +    3I2 

Chattaway's  experiments,  in  which  nitrogen  iodide  was  slowly 
decomposed  by  a  stream  of  water  and  the  residue  analysed,  can  hardly 
be  regarded  as  évidence  for  one  formvila  more  than  another.  In  this 
connection  it  should  be  pointed  out,  firstly,  that  the  ratio  of  1  :  2*54 
found  by  him  is  very  little  nearer  to  1:3,  which  would  favour  the 
formation  of  Stahlschmidt's  compound,  NI.,  {Poggendorff' s  Ann.,  1862, 
115,  653),  than  it  is  to  the  ratio  1:2,  which  agrées  with  Szuhay's 
formula,  NHIg  {loc.  cit.),  and,  secondly,  that  the  quantity  of  free 
iodine  increased  so  much  during  the  progress  of  the  décomposition 
(amounting  to  44-8  per  cent,  in  the  example  quoted  by  Chattaway) 
that  it  could  probably  only  be  very  imperfectly  allowed  for  by  the 
differential  method  of  analysis  employed. 

The  analyses  of  the  products  obtained  by  différent  workers  hâve  led 
to  a  number  of  différent  formulœ,  the  following  having  been  put 
forward  by  certain  of  the  earlier  workers  : 

NI.  (Gay-Lussac,  Stahlschmidt,  N^Hgl  (Millon,  Marchand). 

Mallet).  N2H3I3  and  N5H3I12  (Bunsen). 

NHI2  (Bineau,  Gladstone,  Bas-  N^H^I^q  and  N^Hgljg  (Guyard). 

chig,  Szuhay,  SeliwanofE). 

The  conflicting  results  arrived  at  by  dift'ei-ent  workers  led  to  the 
belief  that  several  iodides  of  nitrogen  existed.  Indeed,  certain  in- 
vestigators  found  that  under  différent  conditions  the  composition  of 
the  products  varied.  Thus,  Stahlschmidt  {loc.  cit.)  believed  that  he 
produced  from  aqueous  ammonia  and  au  alcoholic  solution  of  iodine  a 
compound  having  the  formula  NIg,  whereas  from  alcoholic  ammonia 
and  iodine  he  obtained  a  product  which  he  formulated  as  NHIg. 
Mallet  {Cheni.  News,  1879,  39,  257)  stated  that  the  concentration  of 
the  aqueous  ammonia  employed  influenced  the  composition  of  the  final 
product. 

Later  work  has  shown  that  the  varying  results  obtained  by  différent 
workers  were  chiefly  due  to  impurities  présent  in  the  nitrogen  iodide 
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owing  to  the  unsuitable  expérimental  conditions  and  to  the  decouipos- 
ing  action  of  light.  Besides  tliis,  however,  the  analytical  methods 
employed  were  in  most  instances  faulty,  and  this  added  to  the  uncer- 
tainty  of  the  results  obtained, 

The  main  difficulty  in  the  détermination  of  the  composition  of 
nitrogen  iodide  is  due  to  the  fact  that  the  dry  substance  can  only  be 
handled  with  extrême  caution.  For  this  reason,  direct  analyses  with 
weighed  quantities  of  the  dry  compound  hâve  only  recently  been  carried 
out.  In  ail  the  earlier  investigations,  unknown  quantities  were  treated 
in  varions  ways,  and  conclusions  were  drawn  from  the  ratios  between 
the  quantities  of  the  différent  products.  The  reagents  mainly  em- 
ployed for  the  décomposition  were  hydrogen  sulphide  and  sulphurous 
acid. 

Thus  Bineau  {Convpt.  rend.,  1844,  19,  764)  and,  later,  Gladstone 
[loc.  cit.)  used  hydrogen  sulphide  and  determined  the  relative  quanti- 
ties of  hydriodic  acid  and  ammonia  formed.  Bunsen  {Ânnalen,  1852, 
84,  1)  decomposed  the  comjioujad  with  hydrochloric  acid  and  estimated 
the  relative  amounts  of  ammonia  and  hydriodic  acid  produced.  Mallet 
{loc.  cit.)  used  a  solution  of  sodium  sulphite  and  estimated  the  nitrogen 
as  ammonia  and  the  iodine  as  silver  iodide.  Szuhay  [Ber.,  1893,  26, 
1933)  used  free  sulphurous  acid  of  known  strength  and  determined  the 
iodine  and  ammonia.  The  above  methods  are,  however,  ail  open  to 
objection,  since  the  réduction  to  ammonia  never  takes  place  quantita- 
tively,  a  certain  ainount  of  free  nitrogen  being  always  liberated,  as 
was  shown  by  Chattaway  {Amer.  Chem.  J.,  1900,  24,  138).  The  most 
satisfactory  method  is  that  adopted  by  this  investigator  {loc.  cit.),  in 
which  the  nitrogen  iodide  is  treated  in  the  dark  with  standard  sodium 
sulphite  ;  the  excess  of  sulphite  is  then  titrated  with  standard  iodine 
solution,  and  the  ammonia  is  subsequently  distilled,  after  the  addition 
of  alkali. 

In  some  experiments,  Chattaway  used  weighed  quantities  of  the  dry 
nitrogen  iodide,  thus  gaining  an  additional  check  on  the  results 
obtained.  By  means  of  a  séries  of  analyses  carried  out  on  products 
prepared  by  différent  methods,  Chattaway  showed  that  the  same  com- 
pound was  obtained  in  every  instance  {Amer.  Chem.  J.,  1900,  23,  363, 
369;  1901,  24,  138,  159,  318,  331,  342).  ïïe  found  the  composition 
to  agrée  in  ail  cases  with  the  formula  originally  assigned  by  Bunsen, 
namely,  NgHglg,  and  ascertained  further  that  the  iodide  is  a  definite 
chemical  compound,  neither  iodine  nor  hydriodic  acid  being  présent  in 
loose  molecular  combination,  as  in  periodides  or  acid  iodides.  Each 
atom  of  iodine  was  shown  to  be  univalent  and  directly  linked  to 
nitrogen. 

Hugot  has  shown  {Gompt.  rend.,  1900,  130,  505)  that  at  low  tem- 
pératures compounds  exist   having  the  formuUe  NgH^jlg  and  N^H^I^. 
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Thèse  are,  however,  only  capable  of  existence  in  présence  of  excess  of 
ammonia  at  verj  low  températures,  and  dissociate  very  readily,  re- 
generating  ammonia  and  the  compound  NgHgIg.  This  compound  is  thu>s 
the  only  one  wliich  need  be  considered  at  tlie  ordinary  température. 

Altliough  the  empirical  formula  lias  been  tlius  established,  no 
investigations  hâve  hitherto  given  any  insight  into  the  constitution  of 
nitrogen  iodide.  Evidence  as  to  the  structure  of  the  nitrogen  iodide 
molécule  can  evidently  only  be  obtained  by  a  study  of  its  derivatives. 
The  conclusions  drawn  from  the  metallic  derivatives  hâve  hitherto 
been  rather  misleading  than  otherwise.  The  compound  formulated  by 
Guyard  {Compt.  rend.,  1884,  97,  526)  as  Cul2,2NH2l  cannot  be 
regarded  as  évidence  in  favour  of  the  formula  NHgl  for  nitrogen 
iodide,  for  the  number  of  hydrogen  atoms  in  the  molécule  is  difficult 
to  détermine  by  analysis.  Thus,  whereas  the  above  compound  would 
theoretically  contain  0*66  per  cent,  of  hydrogen,  a  compound  having 
the  formula  Ca2l2,2NH3Nl3  would  contain  0*50  per  cent.,  so  that  no 
reliable  déductions  could  be  made  from  Guyard's  analyses  as  to  the 
constitution  of  the  compound  (compare  the  foUowing  paper). 

Szuhay  (Ber.,  1893,  26,  1933)  obtained  a  silver  derivative  of 
nitrogen  iodide,  to  which  he  ascribed  the  formula  AgNIg.  This 
appears  to  render  the  formula  NHIg  probable  for  nitrogen  iodide. 
In  the  folio wing  paper,  however,  the  pure  compound  is  shown  to  be  a 
direct  silver  derivative  of  NgHgl.^. 

The  reactions  of  niti'ogen  iodide  with  organic  compounds  hâve  as 
yet  been  very  little  studied.  The  experiments  of  Stahlschmidt 
{Poggendorff' s  Ann.,  1863,  119,  421)  should  be  noticed,  although 
the  conclusions  drawn  by  him  from  the  results  were  eri-oneous. 
By  the  action  of  methyl  iodide  on  nitrogen  iodide,  he  obtained  the 
following  products  :  nitrogen,  hydriodic  acid,  ammonium  iodide,  tetra- 
methylammonium  pentaiodide,  iodoform,  iodine,  and,  further,  a  small 
quantity  of  an  insoluble  compound  which  was  not  further  investi- 
gated.  From  the  mother  liquor,  on  addition  of  caustic  potash,  he 
obtained  ammonia  and  di-iodomethylamine. 

In  view  of  the  conflicting  évidence  as  to  the  constitution  of  nitrogen 
iodide  obtained  by  différent  authors,  the  préparation  of  direct  sub- 
stitution products,  which  should  leave  no  doubt  as  to  the  constitution 
of  this  compound,  was  désirable.  The  problem  has  now  been  definitely 
solved  by  a  study  of  the  interaction  of  zinc  ethyl  and  nitrogen  iodide. 
In  this  way,  the  formula  NH3INI3  has  been  established, 

Before  carrying  out  this  work,  the  question  of  the  applicability  of 
magnésium  alkyl  iodides  was  also  considered,  as  their  use  would 
probably  be  experimentally  easier  ;  but  since  the  complète  exclusion  of 
alkyl  iodides  is  of  great  importance,  their  application  was  regarded  as 


J 
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iinsatisfactory.  For  the  magnésium  alkyl  iodides  may  contaiu  traces 
of  alkyl  iodide,  or  may  possibly  ihemselves  act  in  an  analogous 
manner  to  alkyl  iodides,  which  would  greatly  complicate  the  i-eaction. 
By  using  zinc  ethyl,  whicli  could  be  obtained  completely  free  from 
iodine  compounds,  on  the  other  hand,  this  objection  was  satisfactorily 
overcome. 

It  was  established  by  Chattaway's  work  that  the  empirical  formula 
of  the  compound  was  ISTgHglg.  From  this  it  is  seen  that  only  two 
différent  constitutional  formula  are  probable,  namely,  NHgliNHIg  and 
NH3INI3.  Thèse  two  compounds  may  be  assumed  to  react  with  zinc 
ethyl  in  the  manner  represented  by  the  équations  : 

I.  2NÏÏ5,I:NÏÏI2  +  6Zn(C2H5)2  - 

6Zn(C2H5)I  +  2C2H5-NH2  +  2NH(C2H,)2. 

II.  2NÏÏ3NI3  +  6Zn(C2H5)2  =  6Zn(C2ÏÏ.)I  +  2NH3  +  2N(C2H.)3. 

The  latter  of  thèse  équations  was  proved  to  be  correct  by  the 
identification  of  ammonia  and  triethylamine  as  the  products  of  the 
reaction. 

Expérimental. 

Préparation  of  Nitrogen  Iodide. — The  nitrogen  iodide  required  for 
this  investigation  was  prepared  by  allowing  iodine  chloride  to  act  on 
aqueous  ammonia  (compare  Bloxam's  Chemistry,  4th  édition,  1880, 
p.  180,  and  also  Chattaway  and  Orton,  J.  Amer.  Chem.  Soc,  1900,  23, 
363). 

Action  of  Zinc  Ethyl  on  Nitrogen  Iodide. — In  the  first  place,  it  was 
necessary  to  find  a  sol  vent  for  zinc  ethyl  which  would  not  interact  in 
any  way  with  nitrogen  iodide,  and  preliminary  experiments  showed 
that  ether  was  the  best  suited  to  the  purpose,  whilst  from  the 
following  results  it  will  be  seen  that  the  pure  solvent  is  entirely 
without  action  on  nitrogen  iodide.  In  each  experiment,  100  ce.  of 
ether  were  used  and  allowed  to  remain  at  0°  for  varions  periods, 
after  which  the  nitrogen  iodide  was  filtered  off  and  the  uncombined 
iodine  in  solution  shaken  out  with  excess  of  i\^/10  sodium  thio- 
sulphate  and  estimated.  The  combined  iodine  was  then  estimated 
by  boiling  the  ether  for  24  hours  with  finely  granulated  sodium, 
dissohàng  the  latter  in  water,  and  determining  the  iodine  Avith  silver 
nitrate. 
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Time  duiing  whicb  Unchanged  nitrogen 

iiitrogen  iodide  and  iodide  removed 

ether  were  (titrated  in                       Fiee                  Combined 

left  together.  filtered  residue).                iodine.                    iodine. 

(rt)  With  methylated  ether  (sp.  gr.  0720)  whicli  had  been  left  for  three  weeks 
over  ground  canstic  soda  and  subsequently  distilled. 

]  bour  l-358grams  0-118  0-0013 

4  hours  1-570     ,,  0-135  0-0015 

48     ,,  1-326      „  0-446  0  0055 

{b)  With  tbe  above  ether  further  purified  by  boiling  for  twenty-fonr  hours  with 
finely  granulated  sodium  (tbis  etber  was  used  in  Experiments  1 — 4  described  below). 

-, ,  ,  .  Xot  Loss  than 

24  hours  :.grams  cstimated.  0-0003 

(c)  With  ether  purified  as  described  l^elow  and  used  in  Experiment  5. 

48  hours  5  gi-ams  —  No  coloration  with 

starch  solution. 

Ou  repeating  tliis  tirst  séries  of  experiments  and  allowiug  the  ether 
to  evaporate  spontaneously,  iodoform  was  readily  detected  by  its 
odour  ;  from  this  it  would  appear  probable  that  the  reaction  observed 
with  less  carefully  purified  ether  is  due  to  traces  of  alcohol.  Indeed, 
the  reaction  appears  to  lend  itself  to  the  détection  of  very  minute 
traces  of  alcohol  in  ether,  A  suitable  diluent  having  been  thus 
obtained,  it  became  necessary  to  ascertain  the  nature  of  the  l'eaction. 
To  this  end,  a  séries  of  preliminary  experiments  was  carried  out  with 
very  small  quantities  of  nitrogen  iodide,  which  established  the  foUowing 
points  : 

(a)  That  it  is  impracticable  to  work  with  dry  nitrogen  iodide  in 
any  quantity,  as  explosions  cannot  be  avoided  ;  it  was  therefore  used 
under  ether. 

(b)  That  ammonia  is  among  the  products. 

(c)  That  the  reaction  proceeds  quietly  and  slowly,  and  that  even  a 
slight  évolution  of  heat  was  noticeable  only  during  the  addition  of 
the  tirst  portion  of  zinc  ethyl. 

The  following  experiments  were  then  carried  out,  the  work  being 
alwa3^s  conducted  in  red  light  : 

Expt.  1. — Eleven  grams  of  nitrogen  iodide  (prepared  from  100  ce. 
of  a  14  per  cent,  solution  of  iodine  chloride)  were  thoroughly 
washed  by  décantation,  tirst  with  dilute  ammonia,  then  ten  times 
with  absolute  alcohol,  until  the  latter  gave  no  coloration  with  anhydrous 
copper  sulphate,  and  after  that  as  many  times  with  absolute  ether 
which  had  been  prepared  by  leaving  methylated  ether  -(sp.  gr.  0-720) 
over  ground  caustic  soda  for  three  weeks  and  then  boiling  for  24  hours 
with  finely  gi^anulated  sodium.  A  fresh  quantity  of  absolute  ether 
(50  ce.)  was   run  in,  and  then   14  gi'ams  of  zinc   ethyl   dissolved  in 
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25  ce.  of  ether  were  introduced.  The  whole  was  then  lef't  for  48  hours 
in  the  dark,  after  which  the  mixture  was  worked  up  in  the  manner 
described  below. 

On  distilling  into  water  tlie  product  obtained  by  the  action  of  the 
bases  on  ethyl  oxalate,  the  latter  became  strongly  alkaline.  Since 
ammonia,  mono-  and  di-ethylamines  ail  react  with  ethyl  oxalate,  it 
appeared  probable  that  this  base  was  triethylamine.  The  quantity, 
however,  was  too  small  to  establish  its  identity. 

Expt.  2. — A  duplicata  experiment  was  therefore  made  with  120 
grams  of  nitrogen  iodide,  and  on  this  occasion  the  reaction  was 
accompanied  by  a  distinct  effervescence,  the  product  showing  signs  of 
clogging  together,  so  that  it  was  found  necessary  to  leave  the  mixture 
for  four  days  before  it  could  be  worked  up  with  safety.  On  doing  so, 
however,  a  distinct  quantity  of  the  alkaline  distillate,  which  failed  to 
react  with  ethyl  oxalate,  was  obtained.  This  was  concentrated  with 
excess  of  hydrochloric  acid  and  treated  with  a  drop  of  very  concen- 
trated platinic  chloride  solution,  when  a  readily  soluble  platinichloride 
was"  obtained. 

0-01677  gave  0-00561  Pt.     Pt  =  33-45. 

[NH(C.,H5)3],PtCl6  requires  Pt  =  31-84. 
[NH2(C2H5)2]2PtClg  requires  Pt=  35-06  per  cent. 

The  quantity  was,  however,  so  small  that  the  analytical  results  were 
not  of  sufficient  accuracy  to  be  regarded  as  establishing  the  nature  of 
the  compound. 

Expt.  3. — The  foregoing  experiment  was  repeated,  but  in  this  case 
the  flask  was  fitted  with  stirring  gear.  Unfortunately,  the  stirrer 
slipped  before  many  ce.  of  the  zinc  ethyl  solution  had  been  added, 
and,  falling  on  some  unchanged  nitrogen  iodide,  caused  a  violent 
explosion  and  considérable  conflagration. 

Expt.  4. — The  experiment  was  accordingly  repeated,  and  this 
time  successfully  ;  but  on  working  up  the  product  of  the  action  of 
ethyl  oxalate  on  the  bases  no  better  results  were  obtained. 

Expt.  5. — Finally  it  was  decided  to  work  with  1  kilogram  of  nitrogen 
iodide,  as  this,  judging  from  Experiment  2,  should  yield  0-14  gram  of 
the  platinichloride,  which  ought  to  be  sufficient  to  obtain  a  reliable 
analysis. 

It  had  been  noticed  throughout  that  a  slight  évolution  of  heat 
occurred  during  the  addition  of  the  first  portions  of  the  zinc  ethyl, 
but  as  the  reaction  between  zinc  ethyl  and  nitrogen  iodide  is  so 
slow,  the  évolution  of  heat  could  hardly  be  traced  to  this  cause  ; 
indeed,  it  appeared  far  more  likely  that  it  was  due  to  the  présence  of 
some  impurities  either  in  the  ether  or  in  the  nitrogen  iodide.  It  was 
therefore  decided  to  exei'cise  the  utmost  care  in  order  to  ensure  the 
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highest  degree  of  purity  in  both  thèse  compounds,  and  to  tliis  end  the 
reaction  was  carried  out  in  red  light  and  in  a  refrigerator  kept 
approximately  at  0°,  the  following  précautions  being  observed. 

Piirificatio7i  of  the  Ether. — Two  hundred  grams  of  caustic  potash, 
dissolved  in  100  ce.  of  water,  were  added  to  each  of  6  "  Winchester 
quarts,"  each  containing  1500  ce.  of  metbylated  ether  (sp.  gr.  0'720). 
Thèse  bottles  were  then  agitated  in  a  shaking  machine  for  two  days, 
after  which  the  ether  was  poured  on  to  1  kilogram  of  finely  ground 
caustic  soda  contained  in  a  10  litre  flask  immersed  in  a  lai'ge  water- 
bath,  and  the  mixture  boiled  with  a  reflux  condenser  for  24  hours. 
The  ether  was  next  decanted  into  another  10  litre  flask,  treated 
with  50  grams  of  finely  granulated  sodium,  and  again  boiled  for 
24  hours,  after  which  it  was  distilled  off.  Thèse  last  two  opérations 
were  repeated  until  the  ether  ceased  to  tarnish  the  sodium  on  boiling 
for  24  hours.  During  distillation,  the  ether  was  collected  in  bottles 
filled  with  dry  carbon  dioxide  in  order  to  pi'event  absorption  of 
moisture  or  autooxidation  on  evaporation. 

Purification  of  the  Nitrogen  lodide. — One  kilogram  of  well  washed 
nitrogen  iodide  was  transferred  to  a  10  litre  flask  by  means  of 
absolute  alcohol  ;  it  was  then  further  washed  9  times  with  this  solvent, 
until  the  liquid  gave  no  coloration  with  anhydrous  copper  sulphate, 
and  then  ten  times  with  purified  ether,  1  litre  being  used  for  each 
washing.  The  ether  used  for  the  last  three  washings  contained  no 
combined  iodine,  and  gave  no  reaction  with  nitrogen  iodide  on  stand- 
ing for  48  hours. 

The  flask  containing  1  kilogram  of  nitrogen  iodide  and  about 
1  litre  of  ether  waa  then  fitted  up  as  shown  in  the  diagram 
and  ail  the  air  displaced  by  means  of  dry  carbon  dioxide.  The 
stirrer,  d,  was  then  set  in  motion  with  just  sufficient  rapidity  to 
cause  the  nitrogen  iodide  lying  on  the  bottom  of  the  flask  to  change 
its  position  continuously.  A  slow  stream  of  pure  ether  was  allowed  to 
flow  in  from  the  vessel,  e,  through  the  tube,  f,  and  out  through  the 
tube,  g,  the  pressures  on  the  surface  of  the  liquid  in  the  flask  and 
in  the  ether  réservoir  being  rendered  identical  by  means  of  the  carbon 
dioxido  generator,  which  was  connected  to  the  ether  réservoir  through 
the  tube,  h,  and  to  the  flask  through  h.  The  tap,  h',  was  so 
adjusted  that  a  few  bubbles  of  carbon  dioxide  passed,  from  time  to 
time,  slowly  up  the  tube,  g,  together  with  the  spent  ether.  The 
level  of  the  liquid  in  the  flask  was  thus  kept  constant.  The  washing 
with  ether  was  continued  for  4  hours,  during  which  time  about 
4  litres  of  pure  ether  were  passed  through  the  flask.  The  spent 
ether,  after  filtration  from  a  few  grams  of  nitrogen  iodide  which 
had  been  carried  over,  was  found  to  contain  very  minute  traces  of 
frère  iodine,  but  no  combined  iodine  whatever. 
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AcfAon  of  Zinc  Ethyl  on  the  Purijied  Nitrogen  lodide. — The  tube 
through  which  the  ether  made  its  exit  was  then  closed  by  means  of  the 
cock,  G,  2|  litres  of  pure  ether  were  run  into  the  flask,  the  dis- 
placed  Carbon  dioxide  being  allowed  to  escape  through  the  mercury 
trap,  k,  by  means  of  the  tube,  c,  the  cock,  c,  having  been  previously 
opened  for  this  purpose. 

The  fiask  was  then  surrounded  Avith  a  freezing  mixture,  and  as  soon  as 
the  température  of  its  contents  had  fallen  to  —5°  the  addition  of 
zinc  ethyl  was  commenced.  In  this  manner,  1300  grams  of  zinc 
ethyl  dissolved  in  24  litres  of  pure  ether  were  added   froiu   the   con- 


tainer, l*     From  time  to  time  during  the  addition  of  the  zinc  ethyl,  and 
also  at  subséquent  stages  of   the  experiment,  samples  were   rua  off   by 

*'  Tlie  advautages  of  the  pièce  of  apparatiis  l  will  he  obvions  from  the  diagrain  ; 
it  was  so  constvueted  that  ether  could  be  forced  in  fvom  the  réservoir  c  by  means  of 
the  cavbon  dioxide  pressnre  on  its  snifaee,  and  that  the  whole  apparatus  could 
roadily  be  connected  with  the  carbon  dioxide  system  through  m  vi,  so  that  the  dry 
gas  displaced  the  zinc  ethyl  sohition  as  it  flowed  through  the  cock  l".  The  cock 
/'"  was  attached  in  ovder  to  rendev  it  possible  to  refill  the  apparatus  with  zinc 
ethyl  solution,  as  it  was  not  large  enough  to  hold  the  complète  charge  ;  in  doing  so, 
the  charge  enters  through  the  tap  V"  and  l",  whilst  the  displaced  carbon  dioxide 
passes  eut  through"/'. 
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means  of  the  three-way  cork,  c.  In  evei-y  instance,  even  after  the 
first  addition  of  a  few  ce.  of  the  zinc  etliyl,  it  was  found  that  unaltered 
zinc  ethyl  was  présent  in  the  solution. 

The  stirring  was  continued  for  48  hours  ;  during  the  first  24  hours, 
the  refrigerator  was  kept  at  0°,  but  subsequently  was  allowed  to 
warm  up  to  the  ordinary  température.  The  black  nitrogen  iodide 
slowly  changed  into  a  white,  amorphous  powder.  The  reaction  pro- 
ceeded  quite  quietly,  and  no  evohition  of  beat  was  noticeable, 
indeed,  the  thermometers  in  the  flask  and  in  the  cooling-bath 
indicated  the  sanie  température  during  the  whole  of  this  period.  Half 
a  litre  of  ether,  which  had  previously  been  shaken  with  water,  was 
then  added,  and  as  this  produced  no  effervescence  it  was  concluded 
that  the  reaction  was  completed,  and  excess  of  water  was  accordingly 
added  and  the  mixture  again  stirred  for  24  hours.  Excess  of 
hydrochloric  acid  was  then  run  in  and  the  ether  removed  by  distilla- 
tion. 

At  the  commencement  of  the  distillation,  a  large  quantity  of 
inflammable  gas  passed  over.  A  sample  of  this  was  collected 
over  mercury,  freed  from  ether  vapour,  and  analysed.  It  was  not 
absorbed  by  fuming  sulphuric  acid  or  concentrated  nitric  acid, 
and  proved  to  be  a  mixture  of  paraffins,  evidently  butane  and 
ethane. 

Dry  gas  before  explosion  at  992°  and  757  mm.  =  3'2  ce. 
„       ,,    together  with  oxygen  added  at  99*2°  and  769  mm.  =  53-2  ce. 

Moist  gas  after  explosion  at  17 •5''  and  757  mm.  =  36"8  ce. 

,,     ,,       ,,     absorbing  carbon  dioxide  with  caustic  potash  at  17  "5° 
and  757  mm.  =  29  0  ce. 

The  volumetrie  composition  of  the  gas  corresponds  with  46  per  cent, 
of  butane  and  54  per  cent,  of  ethane. 

It  was  foreseen  that  zinc  ethyl  would  first  form  double 
zinc  amides  with  the  aminés  formed  (except  tertiary  aminés)  with 
évolution  of  ethane  (Frankland,  Jahresher.,  1857,  418).  Thèse  zinc 
amides  hydrolyse  readily,  however,  with  hydrochloric  acid  to  zinc 
chloride  and  the  original  aminés.  Thus  the  solution  contained  the 
hydroehlorides  of  the  aminés  formed.  From  thèse,  the  bases  were 
liberated  with  alkali  and  distilled  into  hydrochloric  acid.  The  mixture 
of  chlorides  obtained  on  evaporation  was  then  extracted  several 
times  with  alcohol,  in  which  ail  the  ethylamine  hydroehlorides  are 
much  more  readily  soluble  than  ammonium  chloride.  The  least  soluble 
fraction  was  recrystallised  from  water,  after  which  a  small  portion  was 
converted  into  its  platinichloride  and  analysed. 

0-1 182  gave  00517  Pt.     Pt=:43-74. 

(NHJ,PtCl^  requires  Pt  =  43-91  per  cent. 
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The  yield  of  ammonium  cbloiide  was  125  grams,  or  95  per  cent,  of 
the  theoretical.  For  the  identification  of  the  organic  aminés  présent, 
Hoffmann  and  Wallach's  method  of  séparation  was  adopted 
{Jahresber.,  1861,  495;  Annalen,  1876,  184,33).  The  alcoholic  extract 
of  the  hydrochlorides  was  evaporated,  distilled  with  very  concentrated 
caustic  soda,  and  the  distillate  collected  in  absolute  alcohol  at  0°.  A 
slight  excess  of  ethyl  oxalate  was  added  and  the  mixture  allowed  to 
remain  at  a  low  température  for  15  hours.  On  distillation  from  a 
water-bath,  a  strongly  alkaline  distillate  passed  over,  which  proved  to 
be  triethylamine. 

A  crystalline  deposit,  which  formed  in  the  distilling  flask,  was 
recrystallised  from  alcohol,  and  in  this  way  separated  into  two 
compounds.  The  major  portion  consisted  of  ethyl  oxamate,  melting  at 
114°. 

0-0983  gave  10-4  ce.  moist  nitrogen  at  16°  and  753  mm.  N  =  12-28. 
CONH^-COg-CaH^  requires  N=  12-0  per  cent. 

The  second  product,  which  was  sparingly  soluble  in  alcohol,  occurred 
only  in  a  very  small  quantity  ;  it  melted  at  210 — 211°  and  probably 
consisted  of  oxamic  acid.  The  formation  of  ethyl  oxamate  confirmed 
the  présence  of  ammonia  in  the  original  product.  The  oxamic  acid  was 
evidently  produced  as  a  by-product  of  the  same  réaction.  Derivatives 
of  primary  or  secondary  aminés  were  entirely  absent. 

Since  only  the  tertiary  aminés  are  unacted  on  by  ethyl  oxalate,  it 
was  to  be  expected  that  the  distillate  from  the  product  obtained  by 
the  action  of  the  aminés  on  this  ester  would  consist  of  triethyl- 
amine. 

The  yield  was  far  greater  than  was  expected,  and  in  order  to 
détermine  it  the  distillate  was  made  up  to  250  ce.  and  an  aliquot 
portion  titrated  with  iV/10  acid  with  the  foUowing  resuit:  3  ce. 
required  9-3  ce.  NjlO  hydrochloric  acid  ;  the  yield  was  therefore  78 
grams  or  3*5  per  cent. 

In  order  to  establish  the  identity  of  the  base,  the  remainder  of  the 
distillate  was  acidified  with  excess  of  hydrochloric  acid,  concentrated 
to  a  small  bulk,  and  the  hydrochloride  converted  into  the  readily 
soluble  platinichloride. 

0-3704  gave  0-11843  Pt.     Pt  =  31-98. 

[NH(C2H5)3]2PtCl6  requires  Pt  =  31-84  per  cent. 

It  thus  becomes  évident  that  the  reaction  is  greatly  dépendent  on 
the  expérimental  conditions.  The  fact  that  the  success  of  the 
reaction  demands  the  entire  absence  of  impurities  is  a  definite  proof 
that  the  formation  of  triethylamine  is  due  to  the  interaction  of  zinc 
ethyl   on  nitrogen  iodide,  indeed  in  no  other  manner  can   the  entire 
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absence  of  mono-  oi'  di-ethylamine  in  the  présence  of  so  large  an  excess 
of  ammonia  be  explained. 

My  thanks  are   due  to   Mr.   Smart  for  his  assistance  and  to  the 
Explosives  Committee  for  permission  to  publish  thèse  results. 

Research  Laboratories, 
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X. — The  Metallic  Derivatives  of  Nitrogen  lodide  ayid 
tlieir  Bearing  on  its  Constitution. 
By  OswALD  Silberead,  Ph.D. 

In  the  preceding  paper,  the  author  has  given  a  definite  proof  of  the 
constitution  of  nitrogen  iodide,  and  has  at  the  same  time  shown  the 
uncertainty  of  much  of  the  earlier  work.  For  this  reason,  it  appeared 
of  interest  to  uudertake  a  revision  of  the  more  important  work  on 
the  derivatives  of  this  compound,  because,  although  a  number  of 
derivatives  hâve  been  obtained  by  the  action  of  metallic  salts  ou 
nitrogen  iodide  or  by  the  action  of  iodine  on  ammoniacal  sait  solu- 
tions, great  uncertainty  exista  as  to  the  composition  of  thèse  sub- 
stances. A  review  of  this  work  has  shown  that  both  the  methods 
of  préparation  and  oi  analysis  were  very  unsatisfactory. 

The  GoppeT  Derivative. — Guyard  (Compt.  rend.,  1884,  97,  526) 
ascribed  the  foi-mula  Cu2l2,2NH.^I  to  the  compound  which  he  obtained 
by  the  action  of  a  potassium  iodide  solution  of  iodine  on  copper  ammo- 
nium sulphate.  He  did  not,  however,  support  this  formula  by  any 
analytical  data,  nor  did  he  give  any  description  of  his  methods  of 
analysis.  Further  investigations  of  the  subject  hâve  rendered  it 
probable  that  he  deduced  the  above  formula  from  estimations  of 
the  iodine  only.  He  based  its  relation ship  to  nitrogen  iodide  on  the 
fact  that  on  treatment  with  excess  of  ammonia  the  copper  passed  into 
solution  with  a  simultaneovis  precii^itation  of  nitrogen  iodide. 

It  must,  however,  be  remarked  that  the  copper  compovind  itself 
possesses  no  explosive  properties  whatever,  a  circumstance  which  at 
once  renders  Guyard' s  formula  doubtful.  The  following  investigation 
shows  that  the  compound  is  a  cuprosamine  periodide.  The  compound 
is  prepared  by  dropping  a  20  per  cent,  solution  of  potassium  iodide 
(100  ce.)  containing  5  grams  of  iodine  into  an  aqueous  solution  con- 
taining  a  slight  excess  of  cuprammonium  sulphate  in  1200  ce.  of  water 
at   the    ordinary    température.     The   compound    séparâtes  in    suiall. 
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crystalline  plates.  Owing  to  its  insolubility,  it  cannot  be  recrystal- 
lised  from  any  solvent,  and  considérable  care  is  therefore  necessary 
for  the  production  of  tbe  compouud  in  a  pure  state.  It  was  found 
necessary  to  devise  spécial  methods  of  analysis,  and  the  foUowing 
procédure  was  eventaally  selected  as  being  most  satisfactory.  The  com- 
pound  was  first  warmed  witli  dilute  alkali  and  metallic  aluminium  for 
half  an  hour  on  the  water-bath.  This  brought  about  complète  précipita- 
tion of  the  copper.  The  precipitate  was  well  washed  with  hot  water, 
redissolved  in  a  little  hot  nitric  acid,  and  reprecipitated  as  cupric 
oxide  and  weighed. 

After  the  removal  of  the  copper,  the  filtrate  was  acidified  in  the 
cold  with  dilute  sulphuric  acid  and  treated  with  hydrogen  peroxide 
and  chloroform  to  extract  the  iodine.  The  chloroform  solution  was 
then  titrated  with  standard  thiosulphate  solution.  For  the  estimation 
of  the  nitrogen  in  this  compound,  Dumas'  method  was  found  to  be  the 
most  satisfactory. 

For  comparison,  the  percentages  required  by  a  compound  having 
the  formula  suggested  by  Guyard  are  given  in  the  final  column  of  the 
following  table  : 

FûuiKl.  CuJ2,(NH3)5l4,HoO   Cu2lo,2NH2l 

, ' ^  requires  requires 

Copper 12-87  12-96  12-82  19-08 

Iodine  76-19  76-43  76-75  76-11 

Nitrogen  ..  7-53  7-32  7-08  4-21 

The  compound  manifests  the  characteristics  of  a  periodide  in  many 
ways.  On  heating,  it  evolves  iodine  vapour  ;  by  treatment  with 
potassium  iodide  solution,  the  loosely  combined  iodine  is  removed 
quantitatively,  and,  on  titrating  this  solution  with  sodium  thiosul- 
phate, the  following  results  were  obtained  : 

Loosely  combined  iodine  found 51-20         51-12  per  cent. 

CuJo(]SrH3)5l4,H,0  requires  5M6       „ 

The  behaviour  of  the  cuprosamine  pei'iodide  towards  ammonia,  which 
was  taken  by  Guyard  to  be  indicative  of  its  relationship  to  nitrogen 
iodide,  must,  however,  be  regarded  as  distinct  évidence  of  its  periodide 
character.  According  to  the  above  formulation,  the  loosely  combined 
iodine  interacts  with  ammonia  in  a  manner  precisely  similar  to  that 
in  which  potassium  periodide  acts  on  ammonia.  It  thus  becomes 
évident  that  Guyard's  formula  for  this  compound  is  incorrect,  and  con- 
sequently  that  its  existence  is  no  support  of  the  formula  NHoI  for 
nitrogen  iodide. 

Cuprosamhie  /o(/«Ze,  Cii.,I.,,NH3,4H.,0. — When,  in  order  to  remove 
the  loosely  combined  iodine,  the  above  periodide  is  treated  with  potass- 

F   2 


Foiml. 

Cu 

Jj,NH3,4H20 

requires 

27-08 

27-10         27-21 

53-94         54-16 

54-03 

3-10           302 

2-98 
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ium  iodide  —  preferably  by  warming  with  a  25  per  cent,  solution — a 
green,  cry&talline  residue  is  left,  which,  when  thorouglily  washed  and 
dried,  is  obtained  as  an  olive-green  powder  insoluble  in  water,  but 
soluble  in  ammonia,  forming  a  blue  solution. 


Copper  

lodine    53-94 

Nitrogen    

By  the  foregoing  treatment,  the  cuprosamine  periodide  bas  therefore 
lost  botb  iodine  and  ammonia. 

Tlie  Silver  Derivative. — It  was  shown  by  Szuhay  {Ber.,  1893,  26, 
1933)  that  a  silver  coinf  ound  could  be  obtained  from  nitrogen  iodide 
wbicb  was  in  ail  probability  a  direct  derivative  of  the  latter.  He 
prepared  tbis  silver  compound  by  the  addition  of  an  ammoniacal  solu- 
tion of  silver  nitrate  to  nitrogen  iodide  suspended  in  water,  and 
ascribed  the  formula  AgNI^  to  the  product  on  the  basis  of  détermina- 
tions of  the  ratio  o£  the  éléments  to  one  another. 

It  is  obvious,  however,  from  Szuhay's  paper  that  insufficient  pré- 
cautions were  taken  for  the  production  of  a  pure  homogeneous  com- 
pound ;  for,  since  the  substance  cannot  be  recrystallised,  it  is  necessary 
to  take  extrême  care  to  ensure  absolute  purity  in  the  first  instance. 
It  is  hardly  to  be  expected  that  the  conversion  of  one  solid  compound 
into  another  in  this  way  will  give  rise  to  a  pure  derivative.  The 
heterogeneous  character  of  Szuhay's  product  is  shown  by  the  following 
analysis  of  three  différent  préparations  carried  ont  exactly  asprescribed 
by  him  with  the  exception  that  the  experiraents  were  performed  in  the 
dark  and  at  0°  in  order  to  minimise  the  décomposition  of  the  com- 
pounds. 

Analytical  results 

(weight  in  grams).  Atomic  proportions. 

(1)  (2)  (3)  (1)  {2)  (?) 

Nitrogen    0  •056-23  0  04956  0-05696  4-58  6-98  4-75 

Silver     0-09469  0  05479  0-09243  l'OO  1-00  l'OO 

Iodine    0-5364  0-4197  0-5327  4-82  6-51  4-90 

Thèse  numbers  show  that  it  is  practically  impossible  to  obtain  a 
homogeneous  pi^oduct  by  Szuhay's  method.  The  agreement  of  his 
analytical  results  with  the  formula  AgNïg  must  therefore  bave  been 
accidentai. 

The  weak  point  in  Szuhay's  procédure  appeared  to  be  that  the 
purity  of  the  compound  depended  on  the  complète  conversion  of  one 
insoluble  solid  into  another.  This  diffîculty  was  overcome  in  the 
following  manner. 
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Twenty  eight  ce.  of  a  5  per  cent,  solution  of  si) ver  nitrate  were 
added  to  30  ce.  of  10  per  cent,  ammonia  ;  the  mixture  was  then 
cooled  to  0°  and  treated  with  6  ce.  of  a  14  per  cent,  solution  of  iodine 
chloride  (corresponding  with  0'8  gram  of  iodine)  also  eooled  to  0°. 
The  black  precipitate  was  washed  by  décantation  in  the  dark. 

On  attempting  to  dry  this  silver  dériva tive,  it  underwent  decr  mposi- 
tion  with  formation  of  silver  iodide,  In  order  to  ettablish  its  com- 
position, it  therefore  beeame  necessary  to  détermine  the  ratio  of  the 
éléments  présent  by  working  with  the  substance  suspended  in  water. 

The  analytical  methods  used  by  Szuhay  were  examined  and  found 
to  be  open  to  criticism.  He  treated  the  precipitated  compound  with 
aluminium  turnings  in  order  to  reduce  the  silver  to  the  metallic  con- 
dition and  the  nitrogen  to  ammonia.  The  ammonia  was  thereupon 
distilled  off  and  estimated,  the  other  éléments  being  determined  in  the 
residue.  He  assumed  that  no  loss  of  nitrogen  would  take  place  in  this 
way.  Trials  of  his  method  hâve  shown,  however,  that  the  évolution 
of  traces  of  nitrogen  is  practically  unavoidable.  After  trying  varions 
methods,  the  following  mode  of  procédure  was  found  to  give  the  most 
satisfactory  results. 

The  compound  suspended  in  water  is  first  treated  with  sodium  thio- 
sulphate.  The  nitrogen  is  thus  converted  quantitatively  into  ammonia, 
which,  after  the  addition  of  caustic  soda,  is  distilled  oiî  and  estimated. 
The  residue  is  then  treated  with  finely  divided  aluminium  ;  the  silver 
is  thereby  reduced  to  the  metallic  state  and  can  be  filtered  off,  dis- 
solved  in  nitric  acid,  and  estimated  in  the  usual  way.  The  iodine 
remains  in  solution  as  sodium  iodide  and  can  be  readily  estimated. 
The  following  analytical  results  were  obtained  in  this  way  with  four 
dift'ereut  préparations  : 


Analytical  results 

(weiglit 

in  granis). 

Atomic  proportions. 

(1) 

(2) 

(3) 

w 

(1) 

(2) 

(3)         (4) 

Silver 

0-1895 

0-2141 

01890 

0  2105 

1-00 

1-00 

1-00       1-00 

lodiue 

0-6753 

0-7252 

— 

0-7437 

3-03 

2-88 

—        3-01 

Nitrogen.. 

— 

0-0560 

0  0525 

0-0549 

— 

2-02 

2-14       2-01 

The  foregoing  samples  were  prepared  as  follows  : 

Expts.  1  and  3. — 22-8  ce  of  a  5  per  cent,  solution  of  silver  nitrate 
were  treated  with  just  sufficient  10  per  cent,  ammonia  to  redissolve 
the  precipitate,  cooled  to  (.f,  and  6  ce  of  a  14  per  cent,  solution  of 
iodine  chloride  added, 

Expt.  2. — 22-8  ce.  of  a  5  per  cent,  solution  of  silver  nitrate  weie 
treated  with  30  ce  of  10  per  cent,  ammonia  cooled  to  0^,  and  6  ce  of 
a  14  per  cent,  solution  of  iodine  chloride  added, 

Expt.  4. — This  spécimen  was  prepared  from  cyanogen  iodide  as 
described  below. 
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The  ratio  Ag  :  I  :  N  is  thus  undoubtedly  1:3:2.  The  compound  is 
therefore  derived  from  nitrogen  iodide  by  the  replacement  of  one  atom 
of  hydrogen  by  silver,  and  possesses  the  formula  NH.^AgNIg. 

The  substance  décomposes  readily  when  left  at  the  ordinary  tem- 
pérature, especially  when  exposed  to  light.  In  the  dry  state,  it  explodes 
on  the  slightest  friction. 

The  Potassium  Berivative. — Szuhay  observed  that  the  foregoing 
silver  derivative  dissolved  readily  in  a  solution  of  potassium  cyanide, 
and  that  on  subséquent  addition  of  ammoniacal  silver  nitrate  the 
original  compound  was  rogenerated.  He  did  not,  howover,  succeed  in 
isolating  any  soluble  derivative. 

Eegarded  in  the  light  of  the  above  investigation,  the  potassium 
derivative  would  receive  the  formula  NIgNHgK,  and  although  a  silver 
compound  of  this  formula  might  well  be  formed  it  is  very  improbable 
that  a  direct  derivative  of  potassamide  would  exist  in  aqueous  solution. 
In  order  to  gain  some  insight  into  the  nature  of  the  reaction,  the  effect 
of  potassium  cyanide  solution  on  nitrogen  iodide  itself  was  first 
studied. 

Action  of  Potassium  Cyanide  on  Xitrogen  Iodide. — It  was  observed 
by  Millon,  in  1839,  that  nitrogen  iodide  dissolves  in  potassium  cyanide, 
but  the  pi-oducts  of  the  reaction  hâve  hitherto  remained  uninvestigated. 

For  the  elucidation  of  the  mechanism  of  the  reaction,  experiments 
were  first  made  to  ascertain  the  relative  quantities  of  nitrogen  iodide 
and  potassium  cyanide  taking  part  therein.  The  nitrogen  iodide  was 
prepared  by  the  addition  of  a  standard  solution  of  iodine  chloride  to 
dilute  ammonia.  From  blank  experiments  carried  ont  in  a  precisely 
similar  manner  with  the  same  solutions,  the  yield  of  nitrogen  iodide 
was  found  to  be  97  per  cent,  of  that  calculated  from  the  strength  of 
the  iodine  chloride  solution  used.  The  amount  of  a  standard  solution 
of  potassium  cyanide  necessary  to  dissolve  a  known  amount  of  nitrogen 
iodide  prepared  as  indicated  above  was  then  estimated.  In  this 
way,  10  ce.  of  standard  iodine  chloride  solution,  corresponding  with 
0*385  gram  of  iodine,  were  converted  into  nitrogen  iodide  and  titrated 
with  a  standard  potassium  cyanide  (containing  0  0 17  84  gram  per  ce). 
The  volume  required  to  cause  complète  solution  of  the  nitrogen  iodide 
was  (1)  11"27,  (2)  11-21,  mean  =11-24  ce.  ;  that  is,  after  correcting 
for  the  yield  of  nitrogen  iodide,  1  atom  of  iodine  corresponds  with 
1034  molécule  of  potassium  cyanide.  Hence  one  molécule  of  nitrogen 
iodide  (NHgINIg)  requires  3  molécules  of  potassium  cyanide  for  its 
solution.  Experiments  in  which  varying  quantities  of  ammonia  were 
used  showed  that,  provided  the  quantity  présent  is  sulficient  to  suppress 
the  hydrolysis  of  the  cyanide,  excess  of  ammonia  is  without  influence 
on  the  amount  of  potassium  cyanide  necessary  for  complète  solution  of 
the  nitroiîen  iodide. 
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For  the  investigation  of  the  products  of  the  reaction,  a  quantity  of 
well  washed  nitrogen  iodide  was  covered  with  a  little  ice-cold  water, 
and  tben  treated  with  a  concentrated  solution  of  potassium  cyanide, 
also  at  0°,  until  the  black  precipitate  had  disappeared.  A  white,  in- 
soluble residue  remained,  but  this  passed  into  solution  on  allowing  the 
liquid  to  attain  the  ordinary  température.  A  quantity  of  the  white 
residue  was  collected  at  0"^  and  recrystallised  from  ether  ;  it  melted 
at  146°  and  its  properties  agreed  with  those  of  cyanogen  iodide  (m.  p. 
146-5°).  The  identity  was  confirmed  by  analysis  : 

0-1715  gave  13-6  ce.  moist  nitrogen  at  18-5°  and  765  mm.    N  =  9-21. 
CNI  requires  N  =  9'18  per  cent. 

A  further  quantity  of  this  product  was  obtained  by  extracting  the 
solution  with  ether.  A  portion  of  the  solution  which  had  not  been 
thus  extrac ted  with  ether  was  allowed  to  evaporate  in  a  vacuum 
desiccator  over  concentrated  sulphuric  acid.  Ammonia  and  cyanogen 
were  evolved,  the  former  in  large  quantities.  As  the  solution  became 
concentrated,  crystals  slowly  separated  ;  thèse  were  collected  in  four 
fractions  and  found  to  consist  of  the  foUowing  salts  : 

Ist  Fraction.  KI=-75-0  per  cent.     K^C03  =  23-8  per  cent. 

2nd        „  Kl  =  91-9         „  KoC03=    7-99      „ 

3rd        „  Kl  =  93-5 

4th        „  Kl  =  78-5 

The  fourth  fraction  contained,  in  addition,  a  quantity  of  potassium 
cyanate,  which  was  identified  by  conversion  into  urea.  With  this 
object  in  view,  the  remainder  was  treated  with  ammonium  sulphate 
and  carefuUy  evaporated  to  dryness.  The  residue  was  dissolved  in  a 
little  water  and  a  small  quantity  of  50  per  cent,  nitric  acid  added  to 
the  cold  solution.  The  crystalline  pi-ecipitate  of  urea  nitrate  which 
rapidly  separated  was  collected,  washed  with  water  and  alcohol  to 
remove  a  small  quantity  of  free  iodine  présent,  and  further  identified 
by  means  of  the  biui'et  test.  The  products  thus  isolated  were  am- 
monia, cyanogen,  potassium  iodide,  potassium  cyanate,  and  potassium 
carbonate. 

It  was  shown  above  that  each  molécule  of  nitrogen  iodide  re- 
quired  3  molécules  of  potassium  cyanide  for  complète  solution,  thus  : 

3KCÎ^  +  NH3NI3  +  3H2O  =  3CNI  +  3K0H  +  2NH3. 

The  cj^anogen  iodide  was  partially  isolated  as  such,  but  if  left  in 

-  solution  it  gradually  interacted  with  the  free  potassium  hydroxide.     The 

other  compounds   isolated   must    be   considered   as    products    of    this 

secondary  décomposition.  Cyanogen  chloride  is  known  to  yield  potassium 

cyanate  when  treated  with  caustic  potash.     Hence  it  is  not  surprising 
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to  find  that  cyaaogeu  iodide  behaves  in  a  similar  manner,  yielding 
potassium  cyanate  and  iodide.  The  potassium  carbonate  and  ammonia 
found  were  evidently  products  of  the  hydrolysis  of  potassium  cyanate. 

As  previously  sliown,  the  cyanogen  iodide  is  présent  as  an  unstable. 
intermediate  product,  and  is  only  isohited  as  a  solid  compound  if 
the  température  is  kept  low  and  the  solution  sufficiently  concentrated 
to  prevent  the  iodide  from  dissolving  and  undergoing  further  décom- 
position. 

Action  0/  Potassium  Cyanide  on  ihe  Silver  Com-pound. — The  forego- 
ing  experiments  show  that  the  solubility  of  the  silver  compound  in 
potassium  cyanide  is  more  likely  to  be  due  to  the  formation  of  cyanogen 
iodide  than  to  any  soluble  potassivim  derivative  of  nitrogen  iodide.  In 
order  to  elucidate  this  point,  a  freshly  prepared  and  carefully  washed 
sample  of  the  silver  derivative  was  suspended  in  a  little  water  and 
treated  with  four  molecular  proportions  of  potassium  cyanide  at  0°. 
A  thick  precipitate  resulted,  which,  after  filtration,  proved  to  be  very 
sparingly  soluble  in  ethei\  The  soluble  portion  coni-isted  of  cyanogen 
iodide  (m.  p.  146°)  and  the  insoluble  portion  of  silver  iodide  mixedwith 
a  small  quantity  of  the  cyanide.  The  aqueous  solution  y  ielded,  ou  evapora- 
tion,the  same  compounds  as  those  obtained  when  nitrogen  iodide  itself 
is  treated  with  potassium  cyanide,  together  with  a  small  quantity  of 
silver  iodide  which  separated  from  solution  diiring  evaporation.  The 
reaction  is  thus  to  be  represented  as  follows  : 

NlgNH^Ag  +  4K0N  +  4H,0  =  3CNI  +  AgCN  +  4K0H  +  2NH3. 

As  already  indicated  the  production  of  potassium  carbonate  was 
evidently  due  to  seconda vy  reactions. 

When  the  ice-cold  solution  of  the  silver  derivative  in  potassium 
cyanide  is  allowed  to  attain  the  ordinary  température,  cyanogen  is 
evolved,  and  the  precipitate  consists  only  of  silver  iodide.  A  second 
portion  of  the  silver  compound  was  therefore  treated  with  a  large 
excess  of  potassium  cyanide.  This  increased  the  formation  of  cyan- 
ogen iodide  considerably,  upwards  of  30  per  cent,  of  the  iodine  being 
recovered  as  such.  On  acidifying  the  potassium  cyanide  solution, 
after  extraction,  61*5  per  cent,  of  the  total  iodine  was  recovered 
as  silver  iodide.  It  appears  therefore  that  cyanogen  iodide  is  not 
stable  in  présence  of  silver  cyanide  unless  potassium  cyanide  is  présent 
in  sufficient  excess  to  prevent  the  précipitation  of  sdver  iodide, 

It  still  remained,  however,  to  explain  the  régénération  of  the  silver 
compound  on  the  addition  of  ammoniacal  silver  nitrate.  In  order  to 
elucidate  this  point,  the  action  of  cyanogen  on  ammonia  and  ammoniacal 
silver  solutions  was  studied, 

Experiment  shows  that  cyanogen  iodide  does  not  precipitate  nitrogen 
iodide  from  ammonia  in  the  absence  of  silver.     If,  however,  au  ammo- 
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niacal  solution  of  silver  oxide,  nitrate,  or  cyanide  is  added  tt»  cyanogen 
iodide,  the  silver  coinpound  is  immediately  precipitated. 

Thus  22  8  c.  c.  of  a  5  per  cent,  solution  of  silver  nitrate  were  treated 
with  30  ce.  of  10  per  cent,  ammonia,  cooled  to  0°,  and  treated  with 
50  ce.  of  a  2  per  cent,  solution  of  cyanogen  iodide  to  which  2  ce.  of 
30  per  cent,  ammonia  had  been  previously  added.  The  washed  precipi- 
tate  gave  the  following  analytical  results  : 

Weight  in  grams 
Atomic  proportions 

The  mechanisni  of  the  régénération  of  the  silver  compound  is  thus 
explained.  Evidently  cyanogen  iodide  reacts  with  ammonia,  forming 
traces  of  nitrogen  iodide,  but  the  concenti-ation  does  not  reach  the 
point  at  which  the  compound  is  precipitated.  On  the  addition  of  silver 
solution,  the  more  sparingly  soluble  silver  compound  at  once  séparâtes 
out,  and  thus,  by  removiug  the  nitrogen  iodide  from  the  sphère  of  action, 
admits  of  its  further  formation. 

In  conclusion,  I  wish  to  express  my  thanks  to  Mr.  Smart  for  his 
assistance  and  to  the  Explosives  Committee  for  permission  to  publish 
thèse  results. 

Research  Laboratories, 
Royal  Arsenal. 


W.—The    Diazo-derivatives    of   the    Benzenesiilphonyl- 

phenylenediamines. 

By  Gilbert  Thomas  Morgan  and  Franges  Mary  Gore 

MiCKLETHWAIT. 

The  study  of  the  diazo-reaction  is  often  rendered  inconclusive  owing 
to  the  unstable  and  even  explosive  character  of  many  of  the  products, 
and  the  authors  hâve  been  engaged  for  some  time  in  endeavouring  to 
prépare  stable  diazonium  salts  in  order  to  obtain  from  them  well- 
defined  diazo-derivatives  which  might  be  usef  ul  in  investigations  bearing 
on  the  constitution  of  compound  s  of  this  class. 

In  the  diazonium  sulphate  of  6-aminocoumarin  recently  described 
(Trans.,  1904,  85,  1235),  a  considérable  degree  of  stability  is  attained, 
the  dry  sait  being  apparently  non-explosive  and  remaining  unchanged 
for   several  months.*      Nevertheless,  the   diazocyanides  derived  from 

*  Quite  recently,  a  séries  of  stable  crystalline  chromâtes  bas  been  described  by 
Meldola  and  Eyuon  (tliis  vol.,  p.  1),  aud  Gain  (this  vol.,  p.  7)  lias  obtaiued  4'-hydr- 
oxy-3-ethoxydiphenyl-4-diazomura  sulphate,  a  sait  which  also  possesses  great 
stability. 
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this  substance  were  not  so  stable  as  might  hâve  been  anticipated,  and 
it  was  therefore  not  found  possible  to  extend  the  stiidy  of  the  diazo- 
reaction  in  this  direction. 

Experiments  were  tben  instituted  with  the  view  of  obtaining  diazo- 
derivatives  containing  an  optically  active  substituent  in  order  that 
the  constitutional  changes  undergone  by  thèse  substances  under  the 
influence  of  acids  and  alkalis  might  to  some  extent  be  traced  polari- 
metrically,  even  although  the  products  might  prove  to  be  too  unstable 
to  admit  of  their  being  isolated. 

à-Camphor-P-suljjhonyl-T^-nitroamline,  the  substituted  sulphonamide 
produced  by  the  interaction  of  yj-nitroaniline  and  Reychler's  (Z-camphor- 
sulphonic  chloride,  when  reduced  in  such  a  manner  that  the  camphor- 
sulphonyl  groupis  not  eliminated,  yields  A-camphor-^-sulphonyl-^-iihenyl- 
euediamùie,  C^QH^jO-SOo'Î^H'CgH^'NH^,  an  optically  active  base,  the 
hydrochloric  acid  solution  of  which,  when  diazotised  in  the  ordinary 
way,  yields  a  diazonium  chloinde,  CjQHj^jO'SOo'NH'CgH^'NgCl.  This 
sait,  when  treated  with  dilute  aqueous  sodium  cai'bonate,  sodium 
acétate,  or  ammonia,  does  not  yield  the  corresponding  diazo-bydroxide, 
but  gives  rise  to  a  sparingly  soluble  crystalline  yellow  diazoimide.  The 
analysis  of  this  product  indicates  that  it  is  formed  by  the  élimination 
of  hydrogen  chloride  from  the  diazonium  sait,  its  composition  corre- 
sponding with   the  formula  : 

Although  compounds  of  this  type  hâve  been  obtained  from  certain 
acyl  (acetyl  and  benzoyl)  derivatives  of  o-phenylenediamine  {Annalen, 
1887,  240,  119;  1888,  249,  363;  Amer.  Chem.  J.,  1895,  17,  452), 
this  condensation  has  not  hitherto  been  noticed  to  occur  among 
the  monoacylated  ^-phenylenediamines.  The  investigation  was  there- 
fore extended  to  the  simpler  case  of  henzeneaulphonyl-^-phtnylene,diam%ne, 
and  the  behaviour  of  this  substance  towards  nitrous  acid  was  compared 
with  that  of  its  ortho-  and  meta-isomerides  under  similar  conditions. 

Benzenesulphonyl-jophenylenediamine,  when  diazotised  in  moderately 
concentrated  hydrochloric  acid,  yields  a  diazonium  chloride, 

C^Hj-SO.-NH-  CgH^-N.Cl, 
which  séparâtes  out  from  the  acid  solution  and  is  quite  stable  in  the 
dry  state.  An  aqueous  solution  of  this  sait,  when  treated  with 
sodium  acétate,  gives  rise  to  a  sparingly  soluble  diazoimide  which 
séparâtes  in  suiall,  yellow  needles,  closely  resembling  the  foregoing 
<:^camphorsulphonyl  derivative.  This  diazoimide  is  formed  directly 
when  the  substituted  diamine  is  treated  with  sodium  nitrite  in  cold 
glacial  acetic  acid. 
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Benzenesulphouyl-0-phenylenediamine,  when  treated  with  nitrite 
iu  cold  hydrocliloric  acid  solutioD,  at  once  yields  a  colourless  diazo- 
imide.  In  this  case,  the  formation  of  an  intermediate  diazonium  sait 
could  not  be  detected  even  when  a  large  excess  of  acid  was  employed. 

The  distinctly  yellow  hue  of  the  diazoimides  derived  from  cZ-camphor- 
/8-sulphonyl-/)-phenylenediamiue  and  benzenesulphonyl-;j»-phenylenedi- 
amine  as  contrasted  with  the  colourless  appearance  of  the  compound 
from  benzenesulphonyl-o-phenylenediamine  suggests  that  the  para- 
derivatives  may  hâve  a  constitution  differing  from  that  of  the  ortho- 
compound.  The  diazoimides  of  the  monoacylated  o-diamines  hâve  been 
hitherto  regai-ded  as  being  derived  from  aziminobenzene,  and  in 
accordance  with  this  view  the  foregoing  colourless  ortho-diazoimide 
(benzenesulphonyl-o-phenylenediazoimidé)  should  hâve  a  constitution  re- 
presented  by  the  formula 

Since,  however,  the  substance  is  formed  in  sti'ongly  acid  solutions  in 
which  the  diazo-complex  might  be  expected  to  exist  in  the  diazonium 
form,the  following  alternative  configuration, 


-N:N 

cannot  altogether  be  ignored.  The  former  formula,  containing  the 
five-membered  ring,  is  the  more  likely,  as  the  formation  of  the  cych'c 
compound  occurs  equally  readily  in  the  absence  of  minerai  acids.  In 
the  case  of  the  isomeric  col'jured  para-diazoimide,  two  alternative 
methods  of  formulât ing  the  structure  of  the  compound  are  possible  : 

^\  '^■""■^'" 

I    II   I 


The  former  of  thèse  formulée  represents  the  substance  as  a  cyclic 
para-diazoimide  (benzenesulphonyl-^phenylenediazoimide),  whereas  the 
latter  indicates  a  quinonoid  coxi^gvccsitioïiihenzenesulpJionylimino-'ç-henzo- 
qidnonediazide).  With  this  substance  there  can  scarcely  be  any  ques- 
tion of  a  diazonium  structure,  since  the  compound  is  not  formed  uutil 
the  diazonium  chloride  is  decomposed  by  sodium  acétate  or  a  weak 
alkali. 
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The  différence  in  stability  between  the  colourless  ortho-diazoimide 
and  the  yellow  para-diazoimide  is  very  great.  The  former  is  not  more 
sensitive  to  light  than  other  colourless,  aromatic  acylated  bases,  and 
may  be  boiled  with  50  per  cent,  aqueous  caustic  potash  without  under- 
going  any  change  ;  moreover,  it  is  not  attacked  by  concentra*  ed  hydro- 
chloïic  acid.  The  latter  is  extremely  sensitive  to  light,  its  bright 
yellow  colour  changing  to  a  dull  brown  on  exposure  for  a  few  hours  ; 
it  is  decomposed  into  résinons  products  by  hot  aqueous  alkalis,  or  even 
by  boiling  water,  and  it  readily  dissolves  in  cold  concentrated  hydro- 
chloric  acid  to  regenerate  quantitatively  the  original  benzenesulphonyl- 
^-aminobenzenediazonium  chloi-ide  which  subseqviently  crystallises  from 
the  acid  solution. 

Further  experiments  will  be  made  in  order  to  ascertain  within  what 
limits  the  formation  of  thèse  coloured  para-diazoimides  is  possible,  and 
whether  the  condensation  occurs  when  other  acyl  groups  are  sub- 
stituted  for  the  benzenesulphoayl  complex.  Iq  this  connection,  it  is  of 
interest  to  notice  that  Nietzki,  who  first  diazotised  acetyl-/>-phenylene- 
diamine,  does  not  recoi'd  the  formation  of  an  acetyl-jy-diazoimideof  this 
type  {Ber.,  1884,  17,  344). 

Benzenesuljjhoni/l-m.-phenyle7iedia7nine  diff'ers  considerably  from  its 
two  isomerides  in  its  interaction  with  nitrous  acid  and  does  not  appear 
to  hâve  any  tendency  to  form  a  cyclic  diazoimide  by  internai  condensa- 
tion. When  diazotised  in  moderately  concentrated  hydrochloric  acid, 
it  yields  a  diazonium  chloride  which  séparâtes  out  from  the  acid  solu- 
tion. This  sait  is,  however,  less  stable  than  the  corresponding  para- 
compound,  and,  when  washed  with  water  or  alcohol  until  free  from 
acid,  it  undergoes  partial  décomposition  and  acquires  a  red  tint.  This 
change  may  be  brought  about  more  readily  by  the  action  of  aqueous 
sodium  acétate,  when  a  molécule  of  the  diazonium  sait  loses  its  diazo- 
nitrogen  and  becomes  converted  into  a  phenolic  derivative  which  at 
once  condenses  with  a  second  molécule  of  the  diazonium  sait  to  form  a 
somewhat  ill-defiued,  yellowish-red  azo-compound,  which  bas  a  com- 
position corresponding  approximately  with  the  formula 

C(5ÏÏ5-S02-NH-C^H4-N2-C^H3(OH)-NÏÏ-SO^-C^H5. 
This  change  is  complète  in  about  30 — 40  minutes,  even  at  the  ordinary 
température,  the  amount  of  nitrogen  eliminated  agreeing  closely  with 
the  quantity  i-equired  by  theory. 

The  distinctive  character  of  the  behaviour  of  each  of  the  three 
benzenesulphonylphenylenediamines  towards  nitrous  acid  disappears 
when  the  iminic  hydrogen  atom  of  the  substituent,  C^Hg'SO^'NH,  is 
replaced  by  a  methyl  group.  as-Be7ize7iesî'Jj}/io7iylmet/njl-ïo.-phm'i/lene- 
diamine  yields  a  diazonium  chloride,  the  aqueous  solution  of  which  is 
not  appreciably  affected  by  sodium  acétate.    SiS.-Benzene8ulpho7iylmethyl' 
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o-2)h«nyUnediamine  also  gives  rise  to  a  diazonium  ehloride,  the  forma- 
tion of  a  cyclic  diazoimide  by  internai  condensation  being  no  longer 
possible  ;  this  is  also  true  of  the  diazonium  sait  derived  from  as- 
benzenesulphonyhnethyl-T^-jjhenylenediamine.  That  thèse  diazo-compounds 
are  really  normal  diazonium  salts  is  shown  by  condensing  them  with 
/3-naphthol  in  alkaline  solution,  when,  in  each  case,  an  insoluble  azo- 
yS-naphthol  derivative  is  at  once  precipitated. 

The  diazonium  salts  from  (Z-camphorsulphonyl-^j-phenylenediamine 
and  the  benzenesulphonyl  derivatives  of  m-  and  j9-phenylenediamines 
also  yield  azo-compounds  with  /3-naphthol,  but  in  thèse  instances 
the  products  at  first  remain  dissolved  in  the  alkaline  solution  and  after- 
wards  separate  slowly  in  the  form  of  sparingly  soluble  alkali  deriva- 
tives, which  are  readily  decomposed  by  acetic  acid,  yielding  the  free 
azo-y8-naphthoLs.  This  différence  in  the  behaviour  of  the  two  séries 
of  azo-/3-naphthol  derivatives  is  undoubtedly  due  to  the  acidic  charac- 
ter  of  the  iminic  hydrogen  of  the  complex  RSC^'Î^ÏÏ-  which  is 
présent  in  the  latter  séries,  the  azo-derivative  losing  its  acidic  charac- 
ter  lu  aqueous  solution  when  this  hydrogen  atom  is  replaced  by  methyl 
as  in  the  azo-compounds  derived  from  the  three  as-benzenesulphonyl- 
methylphenylenediamines. 

The  foregoing  results  indicate  that  in  order  to  study  the  diazo- 
reaction  more  completely  with  the  optically  active  base  containing  the 
camphor  residue  it  will  be  necessary  to  alkylate  the  group 

-NH-SOo-CjoH.sO, 
and  thus  prevent  the  formation  of  the  cyclic  diazoimide  by  internai  con- 
densation. Experiments  with  this  end  in  view  are  in  progress, 
together  with  others  having  for  their  object  the  more  extended 
examination  of  the  new  séries  of  acyl  para-diazoimides,  the  existence 
of  which  has  been  demonstrated  by  the  investigations  described  in.  this 
paper. 

Expérimental. 

à-Camplior-fi-sidphonyl-'ç-nitroaniline,  CjyHjgO'SO.^'NH'CgH.'NOg, 
was  prepared  by  heating  together  on  the  sand-bath  10  parts  of  Rey- 
chler's  ci-camphorsulphonic  ehloride  with  12  parts  of  |>nitroaniline 
(2  mois.)  in  30  parts  of  toluène.  At  first  the  substances  mixed  com- 
pletely, yielding  a  clear  solution,  but  a  precipitate  rapidly  formed  which, 
after  two  houi-s,  was  removed  and  the  filtrate  further  heated,  when  a 
second  crop  of  the  solid  was  obtained.  The  product  was  dissolved  by 
boiling  with  excess  of  aqueous  sodium  carbonate,  the  solution  was 
allowed  to  cool  until  the  excess  of  jo-nitroaniline  had  again  separated, 
when    the    cZ-camphorsulphonyl    derivative  was  precipitated   from   the 
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filtrate  with  hydrochloric  acid  and  crystallised  from  dilute  alcohol,  being 
finally  obtained  in  lustrous,  amber-coloured  needles  melting  at 
145°. 

0-1972  gave  0-3963  CO.,,  0-1046  H^O.     C  =  54-82  :  H  =  5-89. 
0-1920     „     12-6  ce.  nitrogen  at  17-5°  and  775  mm.     N  =  7-78. 
0-1799     „     0-1242  BaSO^.     S  =  9-48. 
CjgHgoOgN^S  requires  C  =  54-80  ;  H  =  5-67  ;  N  =  795  ;  S  =  9-10  per  cent. 

d-Camjjhor-^-sulphonyl-'p-pIieni/lenediamine, 
C\oH,,0-S02-NH-C,H4-NH2. 

Tlie  foregoing  nitro-compound  (6  grams),  suspendedin  200  ce.  of  hot 
water  acidified  with  1  gram  of  glaeial  acetic  aeid,  was  treated  with 
6  grams  of  iron  filings  ;  the  mixture  was  boiled  forabout  an  hour  aftei- 
the  introduction  of  the  métal,  rendered  alkaline  with  1-8  grams  of 
potassium  hydrogen  carbonate,  and  filtered  rapidly  at  the  pump.  Since 
the  benzenesulphonyldiamine  has  sufficiently  acidic  properties  to  re- 
main dissolved  in  the  alkaline  solution,  the  filtrate  was  neutralised  with 
acetic  acid  and  then  allowed  to  erystallise.  The  greater  part  of  the 
base  remained  in  the  oxide  of  iron  precipitate,  and  wasextracted  therc- 
from  by  boiling  alcohol.  The  total  yield  from  the  alcoholic  and  aqueous 
solutions  was  5  grams. 

The  new  diamine  is  insoluble  in  light  petroleum  (b.  p.  60 — 80°),  but 
dissolves  in  water,  chloroform,  acétone,  ethyl  acétate,  benzène,  or 
toluène  ;  it  crystallises  most  readily  from  its  solutions  in  alcohol  or 
pyridine,  and  séparâtes  in  almost  colourless,  acicular  prisms  melting  at 
186°.  Prolonged  boiling  with  thèse  sol  vents  tends  to  darken  the 
product. 

0-2099  gave  16-25  ce  nitrogen  at  15-5°  and  760  mm.     N  =  9-08. 
0-2537     „     01893  BaSO^.     S=  10-24. 

C^eHgPgNoS  requires  N  =  8-70  ;  S  =  10-00  per  cent. 

A  spécimen  of  the  base  crystallised  from  pyridine  and  dissolved  in 
acétone  was  exaniined  in  the  polarimeter  :  0-4084  in  25  ce.  of  acétone 
gave  a=  1-50°,  whenee  [a]i>  =  +45-8°. 

fZ-Camphor-/3-sulpbonyl-j9-phenylenediamine  (4  grams)  was  diazotised 
in  8  ce  of  hydrochloric  acid  {sp.  gr.  1-17)  diluted  with  100  ce.  of  iee- 
water  by  the  action  of  6  ce.  of  20  per  cent,  sodium  nitrite  solution,  The 
elear  solution  thus  obtained  was  divided  into  two  equal  parts,  one  of 
whieh  was  filtered  and  treated  with  excess  of  aqueous  sodium  acétate. 
The  yellow,  crystalline  precipitate  whieh  rapidly  separated  was  coUected 
and  washed  sueeessively  with  water,  alcohol,  and  light  petroleum. 
i\-Cam.j)hor-ji-sulphonyl-T^-2)henylenediazoimide,  CgH^I[N3]-SO./Cj(,H^50, 
thus  obtained,  was  analysed  without  further  puiùfication. 
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0-1672  gave  18-7  ce.  nitrogen  at  18°  and  756  mm.     N  =  12-85. 
Cj^;H^903N3S  requires  N=  12-61  per  cent. 

This  substance  décomposes  violently  at  118 — 120°  when  quickly 
heated,  but  wlien  the  température  is  raised  more  slowly  it  darkens  at 
tliis  température  and  gradually  chars,  becoming  quite  black  above  200°. 

The  new  diazoimide,  although  decomposed  on  boiling  with  alcohol, 
may  be  crystallised  from  benzène,  but  in  this  case  also  prolonged 
digestion  with  the  hot  solvent  causes  décomposition.  It  dissolves  in 
cold  concentrated  hydrochloric  acid  or  in  50  per  cent,  sulphuric  acid  to 
form  the  corresponding  colourless  diazonium  sait,  which  couples  with 
alkaline  ;8-naphthol,  yielding  the  following  azo-derivative. 

ù.-Campho7'-P'Sulphonyl--ç-aminohenzene-azo-P-na2)htîiol, 
C.oHijO-SO.-NÏÏ-C.H^-NIN-CioHg-OH, 
was  prepared  by  adding  the  second  portion  of  the  diazotised  solution 
to  a  solution  of  /3-naphthol  in  cold  aqueous  caustic  soda,  when  a 
gelatinous,  dark  red  substance  was  slowly  precipitated  ;  this  compound 
redissolved  on  warming.  the  solution,  and  a  dark,  granular  precipitate 
with  a  green  reflex  separated  on  cooling.  This  product,  which 
appeared  to  be  a  sodium  derivative,  was  dissolved  in  hot  glacial 
acetic  acid  and  the  free  azo-/3-naphthol  separated  on  cooling  in  dark  red, 
nodular  crystals  with  a  green,  metallic  lustre  ;  it  melted  at  192°. 

0-4183  gave  31-5  ce.  nitrogen  at  19°  and  733  mm.     N  =  8-81. 
C^sHg^O^NgS  requires  N  =  8-80  per  cent. 


IVte  Beiiz/iaesulplLonylnitroanilines. 

Thèse  compounds,  which  hâve  ah-eady  been  described  by  Lellmann 
{Ber.,  1883,  16,  596;  Annalen,  1883,  221,  16),  were  prepared  by 
heating  1  mol.  of  benzenesulphonic  chloride  with  2  mois,  of  the  nitro- 
aniline  dissolved  in  toluène.  This  condensation  is  effected  most  easily 
in  the  case  of  the  meta-base,  and  least  readily  with  the  ortho-isomeride. 
In  each  case,  the  crude  product  after  evaporating  oiî  the  toluène  was 
boiled  with  an  excess  of  aqueous  sodium  carbonate  until  the  whole 
mass  had  dissolved.  The  solution,  when  allowed  to  cool,  deposited  the 
excess  of  nitroaniline  (1  mol.),  and  the  filtrate  on  acidification  with 
hydrochloric  acid  yielded  the  benzenesulphonyl  derivative,  which  was 
purified  by  repeated  erystallisation  from  dilate  alcohol  ;  the  yield.s 
given  below  were  in  each  case  obtained  from  28  grams  of  the  nitro- 
aniline and  18  grams  of  the  acid  chloride. 

Benzenesulphonyl-^:>-nitroaniline  separated  in  pale  yellow,  prismatic 
needles  melting  at  139°  (Lellmann  gave  139°);  the  yield  was  about 
29  grams. 
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Benzenesulphonyl-7«-nitroaniline  crystallised  in  prismatic  crystals 
melting  at  133'5°  (Lellmann  gave  131 — 132°);  the  yield  was 
31  grams. 

Benzenesulphonyl-o-nitroaniline  crystallised  in  tabUlar  prisms  and 
melted  at  104°  (Lellmann  gave  104°)  ;  the  yield  was  13  grams. 


The  Benzenes^djyh onylphenylenecUamines. 

The  nitro-compounds  described  in  the  preceding  section  were  reduced 
with  iron  filings  and  hot  water  acidified  vvith  a  small  amount  of  acetic 
acid. 

Benzenesulphonyl-ip-2)heni/lenediam{ne,  CgH5'SO./NH*CgH^-NH2,  was 
readily  obtained  in  alraost  quantitative  yield  by  suspending  the 
coi'responding  nitro-compound  (7  grams)  in  50  ce.  of  hot  water  acidi- 
fied with  1  gram  of  glacial  acetic  acid  and  gradually  adding  5  grams  of 
iron  filings.  As  there  was  no  spontaneous  action,  the  mixture  was 
boiled  for  30 — 40  minutes,  50  ce.  of  hot  water  being  added  as  the 
réduction  proceeded.  After  introducing  1  "5  grams  of  sodium  hydrogen 
carbonate,  the  mixture  was  rapidly  filtered  whilst  hot  ;  the  filtrate, 
when  cooled  and  neutralised  with  acetic  acid,  deposited  a  small  crop  of 
acicular  crystals,  but  as  the  greater  portion  of  the  substituted 
diamine  remained  in  the  oxide  of  iron  precipitate  this  residue  was 
extracted  with  boiling  alcohol.  The  extract,  when  filtered  and  cooled, 
deposited  colourless  crystals,  which  were  recrystallised  from  the  same 
solvent  and  then  melted  at  173°. 

0-3150  gave  32  ce  nitrogen  at  19°  and  747  mm.     N  =  11-48. 
0-2724     „     0-2543  BaSO^.     S  =  12-81. 

Ci.2Hj202N2S  requires  N  =  11-29  ;  S  =  12-90  per  cent. 

The  method  of  réduction  and  extraction  adopted  iu  the  foregoing 
préparation  was  also  applied  in  producing  benzenesulphonyl-o- 
phenylenediamine,  which  has  already  been  described  by  Lellmann 
(loc.  cit.),  who  gave  its  melting  point  as  168°,  Our  préparation,  which 
crystallised  from  dilute  alcohol  in  acicular  prisms,  melted  at  165 — 167°. 

0-1836  gave  18-3  ce  nitrogen  at  19°  and  752  mm.     N  =  11-33. 
C^gHjgOgN.^S  requires  N  =  11-29  per  cent. 

The  yield   obtaiued  by  this  method  of  réduction  was  almost  quantita- 
tive. 

Benzenesulphonyl-TCL-phenylenediamine  was  produced  by  reducing 
7  grams  of  the  corresponding  nitro  compound  with  5  grams  of  iron 
filings,  100  ce.  of  hot  water  (added  in  2  instalments),  and  1  gram  of 
glacial  acetic  acid.  In  this  experiment,  the  boiling  was  discontinued 
15  minutes  after  the  last  lot  of  métal  had  been  introduced  ;   1-5  grams 
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of  sodium  hydi-ogen  carbonate  were  then  added  and  the  mixture 
rapidly  filtered.  The  residue  was  extracted  with  alcohol,  which,  how- 
ever,  in  the  case  of  this  isomeride  deposited  very  little  of  the  base  on 
cooling.  The  ci-ude  product  was  purified  by  crystallisation  from  water 
containing  a  little  alcohol,  some  animal  charcoal  being  employed  to 
decolorise  it.  The  purified  base  crystallises  in  pearly  plates  meltingat 
98 — 99°  ;  it  is  somewhat  too  soluble  to  crystallise  well  from  ethyl 
acétate,  acétone,  or  the  alcohol  s. 

0-1222  gave  12-2  ce.  nitrogen  at  19°  and  756  mm.     N  =  ll  42. 
^12^12^2-^2^  requires  N  =  11-29  per  cent. 

Benzenesulphonyl-m-phenylenediamine,  when  suspended  in  water 
and  treated  successively  with  diazobenzenesulphonic  acid  and  sodium 
carbonate,  at  once  yields  a  deep  red,  soluble  azo-colouring  matter. 
Under  thèse  conditions,  its  ortho-  and  para-isomerides  at  first  give  a 
négative  resuit,  but  in  both  cases  the  mixture  subsequently  develops 
a  yellowish-brown  coloration. 

Action  of  Nitrous  Acid  on  Benzenesulphonyl-o-jyhenylenediamine. 

Benzenesul})honyl-o-phenylenediazoimide,  Qi^^.\^^'^0^'Q^r,,  is  ob- 
tained  by  adding  an  aqueous  solution  of  sodium  nitrite  (1  mol.)  to  a 
suspension  of  b^nzenesulphonyl-o-phenylenediamine  hydrochloride  in 
cold  hydrochloric  acid.  It  may  also  be  prepared  by  adding  the  nitrite 
to  a  solution  of  the  diamine  in  glacial  acetic  acid,  when  it  séparâtes  in 
small,  colourless  needles  melting  at  130°,  The  yield  of  the  diazoimide 
by  tlie  former  method  of  préparation  is  practically  quantitative.  The 
compound  may  be  crystallised  fiom  benzène,  but  prolonged  boiling 
with  tuis  solvent  produces  a  discoloration  of  the  product. 

0-1274  gave  18-4  ce.  nitrogen  at  18°  and  744  mm.     N  =  16-32. 
0-2562     „     0  2263BaSO4.     8=1214. 

CjaHgO^NaS  requires  N  =  16-21  ;  S  =  12-35  per  cent. 

Three  déterminations  of  the  molecular  weight  by  the  cryoscopic 
method  in  benzène  gave  M.  W.  =  229,  252,  243,  the  theory  requiring 
M.  W.  =  259. 

Action   of  Nitrous  Acid  on  Benzenesulphonyl-T^-phenylenediamine. 

Benzenesulphonyl-^-aminohenzenediazonium  chloride , 
OgHs-SOa-NH-C.H.-NoCl, 
séparâtes  out  as  a  bulky  precipitate  of  colourless,  felted  needles  on  adding 
aqueous  sodium    nitrite  to   a  solution   of  the  jo-diamine   in  excess  of 
hydrochloric  acid  (3  parts  of  concentrated  acid  :  10  parts  of  water)  ;  when 
coUected   and   washed   successively   with    water,    alcohol,    and     light 
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petroleum,  it  was  dried  in  the  desiccator,  and  then  gave  the  following 
resuit  on  analysis  : 

■  0-1680  gave  19-8  ce.  nitrogen  at  16-5°  and  764-5  mm.     N  =  13-77. 
0^2^1002^3018  requires  N  =  1 4  -2 1  par  cent. 

This  sait  dissolves  in  cold  water,  giving  a  faintly  acid  reaction  with 
litmus  paper.  On  mixing  this  solution  with  one  of  ^-naphthol  in 
aqueous  caustic  potasli,  an  azo-compound  was  iminediately  produeed, 
but  at  first  this  substance  remained  dissolved,  and  afterwards  gradually 
separatéd  in  thé  form  of  its  potassium  derivative. 

Benzenesuljihonyl-T^-aminohenzeneazo-ji-naphthol, 

OeH,-S02-NH-C,H,.N:N-0,oH,-OH, 
is  produeed  by  dissolving  the  preceding  potassium  compound  in  glacial 
acetic  acid  ;  the  solution  on  cooling  deposits  scarleb  needles  melting  at 
239°. 

0-2788  gave  25-0  ce.  nitrogen  at  19°  and  760  mm.     1^  =  10-31. 
CgjHjyOglSrgS  requires  N  =  10  42  per  cent. 

The  foregoing  diazonium  sait  yields  azo-colouring  matters  with  "  R 
sait"  and  also  with  "chromotrope  acid,"  but  in  the  former  case  the 
development  of  colour  takes  place  much  more  slowly  than  with 
)8-naphthol. 

Benzenesulphonyl-^-phenylenediazoimide,  Q^^.\l^ ^'^0.2'0^r^i  crys- 
tallises  out  in  yellow  needles  when  the  aqueous  solution  of  the  fore- 
going diazonium  chloride  is  either  treated  with  excess  of  sodium 
acétate  or  rendei-ed  alkaline  with  ammonia  or  sodium  carbonate.  It 
may  also  be  prepared  directly  by  adding  aqueous  sodium  nitrite  to  a 
cold  solution  of  benzenesulphonyl-^-phenylenediamine  in  glacial  acetic 
acid. 

This  diazoimide  is  very  insoluble  in  the  organic  média,  but  when 
obtained,  by  either  of  the  foregoing  methods,  washed  successively  with 
water,  alcohol,  and  light  petroleum,  and  dried  in  the  desiccator,  it  is 
sufficiently  pure  for  analysis. 

0-2900  gave  40-3  ce  nitrogen  at  18°  and  757  mm.     N  =  16-00. 
0-1104     „     0-1000  BaS04.     S=12'44. 

C^2Hc,02N3S  requires  N  =  16-21  ;  S  =  12-36  per  cent. 

The  substance  décomposes  violently  at  about  155°;  it  rapidly 
darkens  on  exposure  to  light,  but  may  be  preserved  without  change  in 
the  dark.  It  is  insoluble  in  cold  aqueous  caustic  alkali  and  is  resinified 
by  the  boiling  solution  ;  alcoholic  potash  décomposes  it  giving  rise  to 
a  phenolic  substance,  which  gives  a  reddish-brown  coloration  with 
diazobenzenesulphonic  acid.  The  diazoimide,  when  added  to  cold  con- 
centrated  hydrochloric  acid,  rapidly  dissolved,  and,  on  adding  a  few 
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fragments  of  ice  to  the  solution,  benzenesalphonyl-yj-aminobenzene- 
diazonium  chloride  separated  in  colourless,  felted  needles  ;  this  sait 
was  characterised  by  the  formation  of  the  azo-/8-naphthol  derivative. 


Action  of  Nitrous  Acid  on  Benzenesulphonyl-m.-2^henylenediamine. 

Benzenesidj)honi/l-m-aminohenzenediazonntm  chloride, 
C,H,.S0,-NH-CgH,-N2Cl, 
was  produced  by  slowly  adding  aqueous  sodium  nitrite  (1  mol.)  to  a  cold 
suspension  of  the  substituted  ??i-diamine  in  excess  of  strong  hydro- 
chloric  acid,  and  carefully  triturating  the  mixture  in  a  mortar  until  the 
whole  was  of  a  creamy  consistence.  The  precipitate  was  then  collected 
at  the  pump  and  washed  successively  with  water,  alcohol,  and  light 
petroleum.  During  this  opération,  the  white,  sparingly  soluble  diazo- 
nium  sait  assumed  a  reddish  tint.  The  chlorine  was  estimated  in  a 
portion  of  the  dried  product,  but  the  resuit  indicated  that  some  of  the 
diazonium  chloride  had  undergone  hydrolysis.  The  substance  was 
accordingly  characterised  by  meaus   of  its  azo-)8-naphthol  derivative. 

£eiizenesulphonyl-ui-a7ninobenzeneazo-/3-7iaphthol, 

CgHg-SO^-NH-CgH^-NIN-CioHs'OH, 
produced  in  the  ordinary  way  from  the  foregoing  diazonium  chloride 
and  /3-ûaphthol,  slowly  séparâtes  from  the  alkaline  solution  in  the  form 
of  an  ill-defined  potassium  derivative  ;  this  is  decomposed  by  glacial 
acetic  acid  yielding  the  azo-;8-naphthol,  which  séparâtes  from  its  solu- 
tions in  this  sol  vent  as  bright  red,  hard,  prismatic  and  nodular  crystals, 
melting  at  218°  and  having  a  metallic  lustre. 

0-1316  gave  12-10  ce.  nitrogen  at  18°  and  773  mm.     N  =  10-80. 
CggH^^OgN'gS  requires  N  =  1042  per  cent. 

The  diazonium  chloride  of  benzenesulphonyl-»i-phenylenediamine, 
when  dissolved  in  cold  dilate  hydrochloric  acid  and  treated  with  excess 
of  sodium  acétate,  yields  an  orange-red  precipitate,  the  production  of 
which  is  accompanied  by  an  élimination  of  nitrogen.  The  px^ecipitate 
was  washed  with  water  and  dried  on  porous  plate.  This  compound  was 
with  difficulty  obtained  in  a  crystalline  form  by  repeated  extraction 
with  benzène.     The  final  pi'oduct  melted  indefinitely  at  156—  169°. 

0-1014  gave  10-0  ce.  nitrogen  at  17°  and  770  mm.     N  =  11-60. 
0-1020     „     0-0897  BaSO^.     S  =  12-10. 

Cg^HgoOjN^Sg  requires  N  =  11-02  ;  S  =  12-59  per  cent. 

Thèse  results  agrée  approximately  with  the  formula  of  an  azo-com- 
pound  produced  in  the  foUowing  manner  : 

206H5-SO2-NÏÏ-CeH,'N,-0H  =  N,  +  H^O  + 

C,J3:,-S02-NK-Uen,-N2-C,ÏÏ3(OH)-NH-SO,-C-H5. 
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The  nitrogen  evolved  in  the  condensation  was  estimated  by  carrying 
out  the  pi'ocess  on  known  quantities  of  the  diazonium  chloride  placed 
in  a  volumeter.  Weighed  amounts  of  the  m-diamine  were  diazotised 
in  the  manner  previously  indicated  and  the  diazotised  product  linsed 
with  hydrochloric  acid  into  the  outer  vessel  of  the  volumeter,  whilst  a 
strong  solution  of  sodium  acétate  was  placed  in  the  innei'  tube.  The 
two  liquids  were  thoroughly  mixed  at  the  ordinary  température  and 
the  evolved  nitrogen  measured  :  N  =  5-92  (over  water),  5'63,  5'64  (over 
mercury)  ;  the  theoiy  requires  N  =  5-64  per  cent. 

The  azo-compound  develops  a  brownish-red  coloration  with  con- 
centrated  sulphuric  acid. 

When  diazotised  in  glacial  acetic  acid,  benzenesulphonyl-?ft-phenylene- 
diamine  yields  a  dark  brownish-red,  gelatinous  product  which  gave  an 
intense  blue  coloration  with  concentrated  svilphuric  acid. 

The  diazonium  chloride  of  the  «i-diamine,  when  added  to  a  solution 
of  the  base  itself  in  glacial  acetic  acid,  gave  a  yellowish-red  azo- 
compound  which  developed  a  deep  red  coloration  with  concentrated 
sulphuric  acid. 


Freparation  of  the  di^-Benzenesidjihonyhh 

Benze'iiesulphonylmelhyl--^nitroaniline,  CgH5*S02'N(CH3)'CgH4'N02, 
was  readily  prepared  by  heating  5  grams  of  benzenesulphonyl-jo-nitro- 
aniline  (1  mol.)  and  l'I  grams  of  caustic  potash  (1  mol.)  in  25  ce.  of 
alcohol,  to  which  are  gradually  added  3  5  grams  of  methyl  iodidemixed 
with  25  ce.  of  alcohol,  the  boiling  being  continued  during  4  to  6 
hours.  At  first  a  crystalline  precipitate  of  the  potassium  derivative, 
CgHg'SOg'NK'CgH^'NOo,  was  produced,  but  this  gradually  dissolved 
to  an  almost  colourless  solution.  The  solvent  was  partially  evaporated 
and  a  little  water  was  added,  when  the  methyl  derivative  separated  in 
hard,  massive  crystals  which  were  insoluble  in  aqueous  potassium 
hydroxide,  4 — 5  grams  being  thus  obtained.  The  new  compound 
readily  crystallised  from  alcohol  in  transparent,  pale  yellow  crystals, 
which,  after  recrystallisation,  melted  at  120°. 

0-4818  gave  40-3  ce  nitrogen  at  18°  and  765  mm.     N  =  973. 
CjgHjgO^NgS  requires  N  =  9*58  per  cent. 

Benzenesulphonylmethyl-Q-nitroaniline  was  produced  by  methylating 
benzenesulphonyl-o-nitroaniline  in  the  manner  indicated  in  the  pre- 
ceding  experiment,  but  only  half  the  quantity  of  alcohol  was  employed. 
The  product  separated  in  large  plates  and  on  recrystallisation  from 
alcohol  was  obtained  in  the  form  of  colourless  needles  melting  at 
118—119°. 
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0-2027  gave  17-0  ce.  nitrogen  at  18°  and  774  mm.     N  =  9-85. 
CjgHjoO^NnS  requires  N  =  9-58  per  cent. 

Benzenesuljjhoni/lmethyl-Ta-nitroaniline. — This  compound  was  pre- 
pared  just  like  its  ortho-isomeride.  In  this  case,  however,  there  was 
far  less  séparation  of  potassium  derivative.  On  evaporating  ofE  the 
alcohol,  an  oil  separated  which  hardened  on  stirring.  This  product 
was  veiy  soluble  in  benzène,  ethyl  acétate,  and  the  alcohols,  but  in- 
sohible  in  petroleum  ;  it  was  crystallised  from  a  mixture  of  benzène 
and  light  petroleum  (b.  p.  40 — 60°),  when  it  separated  in  rosettes  of 
colourless  needles  melting  at  83°. 

0-2769  gave  23-6  ce.  nitrogen  at  18°  and  772  mm.     N  =  10-00, 
C^jH^oO^NoS  requires  N  =  9'58  per  cent. 


Réduction  of  the  Jjenzenesulp/ionylmethyhiitroanilines. 

In  the  preliminary  experiments  on  the  réduction  of  the  preceding 
methylated  nitro-derivatives,  it  was  found  that  this  reaction  took  place 
much  less  readily  than  in  the  case  of  the  unmethylated  compounds. 
Accordingly,  larger  amounts  of  acetic  acid  and  water  were 
employed  with  a  greater  excess  of  iron,  and  the  heating  was  con- 
tinued  for  a  longer  time,  usually  about  2  hours  ;  the  foUowing  were 
found  to  be  convenient  proportions  :  1  part  of  the  methylated  nitro- 
compound,  1  part  of  glacial  acetic  acid,  2  parts  of  iron  filings,  and 
30 — 40  parts  of  hot  water,  After  neutralising  with  sodium  hydrogen 
carbonate,  the  aqueous  solution  was  filtered  and  the  residue  extracted 
with  alcohol.  A  small  portion  of  the  base  separated  from  the  aqueous 
solutions,  but  the  larger  quantity  was  obtained  from  the  alcoholic 
extracts. 

3iS-£enzenesul2:>honylmethyl-'p-pJtenylenediamine, 
C6H5-S02-N(CH3)-C6ÏÏ,-NH2, 
crystaUises   from    dilute  alcohol   in   colourless,   prismatic   needles   or 
elongated  plates  melting  at  119°. 

0-1490  gave  13-4  ce  nitrogen  at  19°  and  755  mm.     N=  10-29, 
C^glIj^OoNgS  requires  11^=  10*68  per  cent. 

2iS-Benzenesulphonylmethyl-o-p1ienylenediamine  crystallises  from  dilute 
alcohol  in  colourless  needles  melting  at  116°. 

0-2650  gave  24-4  ce.  nitrogen  at  17°  and  771  mm.     N  =  10-83. 
CjgHj^OgNgS  requires  N  =  10-68  per  cent. 

ai,9-Benzenesulp)honylmethyl-m.-2yhenylened  lamine,    obtained     like     its 
isomerides,  crystallises  from  water  and  alcohol  in  lustrous,  colourless 
VOL.   LXXXVIl.  H 
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needles,  or  from  a  mixture  of  benzène  and  light  petroleum  in  fern-like 
aggregates  of  prismatic  crystals  ;  it  melts  at  96°. 

0-1196  gave  10-9  ce.  nitrogen  at  18°  and  766  mm.     N  =  1061. 
O^gH^^OgNgS  requires  N=  10-68  per  cent. 

Diazotisation  of  the  A^-Benzenesulphonylmetltylphenylenediamines. 

The  foregoing  diamines  readily  dissolve  in  hydrochloric  acid,  and 
their  solutions,  when  treated  with  sodium  nitrite,  fm-nish  soluble 
diazonium  chlorides  which  do  not  undergo  condensation  on  treatment 
with  sodium  acétate;  the  solutions  remain  quite  clear,  and  when  they 
are  added  to  a  solution  of  /3-naphthol  in  aqueous  alkali,  insoluble  azo- 
compounds  are  produced  in  every  case. 

A  similar  resuit  is  obtained  when  the  nitrite  is  added  to  solutions  of 
the  bases  in  glacial  acetic  acid,  and  there  is  no  tendency  on  the  part 
of  «s-benzenesulphonylmethyl-Hi-phenylenediamine  to  form  a  complex 
azo-compound  such  as  is  produced  when  the  unmethylated  base  is 
diazotised  in  this  manner  (compare  p.  84). 

The  diazonium  chlorides  of  the  as-benzenesulphonylmethylphenylene- 
diamines  yield  sparingly  soluble  crystalline  platinichlorides. 

Benzenesulphonylmethyl-'ç-aminohenzeneazo-fi-napJithol, 
CgH5-SO./N(CH3)-CoH4-N:N-CioH6-OH, 
séparâtes  as  a  brick-red    precipitate  and  crystallises  from  alcohol  in 
lustrons,  cardinalred  plates  and  flatteced  needles;  it  melts  at  162-5° 
and  develops  a  crimson  coloration  with  concenti'ated  sulphuric  acid. 

0-1736  gave  156  ce.  nitrogen  at  18°  and  775  mm.     N=  10-59. 
CoglIjyOgNgS  requires  N  =  10-31  per  cent. 

This  azo-compound  is  insoluble  in  aqueous  alkalis  or  benzène, 
modei-ately  soluble  in  alcohol,  and  dissolves  very  freely  in  glacial 
acetic  acid. 

Benzenesulphonyhnethyl-o-aminohenzeneazo-li-najyhthol.  — -  When  the 
aqueous  solution  of  benzenesulphonylmethyl-o-aminobenzenediazonium 
cbloride  is  rendered  ammoniacal,  a  pale  yellow,  amorphous  precipitate 
is  obtained  which  probably  consists  of  a  diazo-hydroxide.  This  mix- 
ture, when  added  without  filtration  to  the  alkaline  ^-naphthol  solution, 
afc  once  gives  an  oi-ange-coloured  azo-derivative  which  readily  crystal- 
lises from  alcohol  or  ethyl  acétate  in  bright  red  leaflets  melting  at 
191^. 

0-1836  gave  16-6  ce  nitrogen  at  18-5°  and  770  mm.     N  =  10-61. 
C23HJ9O3N3S  requires  N  =  1031  per  cent. 

With    concentrated    sulphuric    acid,  this   azo-compound   develops  a! 
cherry-red  coloration. 
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Benzenesulphonyhnethyl-m.-aminohenzeneazo-p-najjhthol.  —  When  as- 
benzenesiilphonylmethyl-??i-phenylenediamine  is  diazotised  in  hydro- 
chloric  or  acetic  acid  and  the  diluted  solution  added  to  an  alkaline 
/3-naphthol  solution,  a  brownish-orange  azo-compound  séparâtes.  This 
substance  crystallises  from  alcohol  in  red  prisms  melting  at  129 — 131°. 

0-1848  gave  lô-6  ce.  nitrogen  at  17°  and  771  mm.    N=  10-59. 
023Hj903lSr3S  requires  N=  10-31  per  cent. 

This  azo-derivative  develops  a  reddish-violet  coloration  with  con- 
centrated  sulphuric  acid. 

Royal  Collège  of  Science,  London, 
South  Kensikgton,  S.W. 


XII. — The  Réduction  Products  of  Anisic  Acid, 

By  John  Scott  Lumsden. 

When  anisic  acid,  dissolved  in  amyl  alcohol,  is  treated  with  sodium,  the 
products  of  réduction  ai'e  hexahydrobeuzoic  acid  and  8-ketohexahydro- 
benzoic  acid. 

This  réduction  was  first  carried  out  by  me  in  Baeyer's  laboratory  in 
1895  {Inaug.  I)iss.  Mûnchen),  but  I  was  unable  to  identify  thecrystal- 
line  acid,  easily  soluble  in  water,  whicli  was  produced  along  with  the 
hexahydrobeuzoic  acid.  It  was  expected  to  be  S-hydroxyhexahydro- 
benzoic  acid,  but  analysis  did  not  confirm  this,  and  the  usual  tests 
failed  to  show  the  présence  of  a  hydroxyl  group. 

Recently  (Trans.,  1904,  85,  416),  Perkin  has  prepared  synthetically 
8-ketohexahydrobenzoic  and  8-hydroxyhexahydrobenzoic  acids,  and  I 
find  that  the  pi-oduct  of  réduction  of  anisic  acid  agrées  in  every  pro- 
perty  with  the  8-keto-acid. 

The  formation  of  hexahydrobeuzoic  acid  from  anisic  acid  may  be 
represented  thus  : 


+   CHg-OH; 


0-CH3 

/\ 

1        1      +    8H 

OH2 

/\ 
.     ÇH,ÇH, 

\/ 

CH2  CH2 

CO^H 

\4 

ÇH 
CO^H 


the  methoxy-group  is  split  off  and  the  ring  completely  hydrogenated. 
This  removal  of  the  alkoxy-group  seems  to  be  a  gênerai  action,  as  it 

H  2 
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has  been  found  to  take  place  when  o-ethoxybenzoic  and  2-hydroxy-3- 
metlioxybenzoic  acids  are  reduced  (Einhorn  and  Lumsden,  Ânnalen, 
1895,  286,  257). 

It  is  more  difiicult  to  understand  the  formation  of  S-ketohexahydro- 
benzoic  acid  from  anisic  acid.  This  may  take  place  by  the  addition  of 
four  hydrogen  atoms,  then  the  methyl  group  in  présence  of  strong 
alkali  would  be  replaced  by  hydrogen,  and  this  hydrogen,  as  usually 
happens  in  the  case  of  the  hydrogen  of  a  hydroxyl  group  adjacent  to  a 
double  bond,  would  be  transferred  to  the  next  carbon  atom,  thus  : 


O-CHg  0-H  O 

CGC 


O-CHg 

\  /  CH,  CH2  CH2  CH2  CHo  CHo 

CO,H  \/  \/  \/ 

CH  Çïï  Çïï 

CO.,H  CO,ïï  CO,H 

To  confirm  this  view  of  the  action,  several  attempts  were  made  to 
obtain  the  keto-acid  from  p-hydroxybenzoic  acid  by  means  of  sodium 
and  amyl  alcohol,  but  without  success  ;  the  acid  remained  unaltered. 
It  is,  however,  possible  that  the  change  takes  place  by  the  addition  of 
four  hydrogen  atoms,  then  by  the  agency  of  one  molécule  of  water  the 
methyl  is  removed  as  methyl  alcohol,  and  hydrogen  is  added  to  the 
y-carbon  atom,  thus  : 

?'^"H3   OH  O         ^    ^^ 

c  c  ^ 


ÇH,  ÇH   H         _         V^2ÇH2 


ÇH  ÇH 

(JO,H  CO,H 

This  interprétation  is  not  improbable  when  it  is  rememl^ered  how  fre- 
([uently  changes  taking  place  in  concentrated  alkaline  solutions  may 
be  represented  by  the  interaction  of  the  éléments  of  water. 

The  Réduction  of  Anisic  Acid. 

Ten  grams  of  acid  and  150  ce.  of  amyl  alcohol  were  placed  in  a 
round-bottomed  litre  flask  which  was  connected  to  a  condenser  by  a 
Ijranched  tube,  the  upright  limb  of  which  held  a  dropping  funnel.  The 
flask  was  supported  on  an  asbestos  basket  and  heat  applied  until  ail  the 
ncid  was  dissolved  and  the  alcohol  boiled  ;  the  funnel  was  then  removed 
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and  5  grams  of  sodium  were  dropped  in.  There  was  an  immédiate 
séparation  of  the  sodium  sait  of  the  acid,  and  soon  sodium  amyloxide 
appeared  as  a  gelatinous  mass  and  the  contents  of  the  flask  became  a 
pasty  solid.  ïen  grams  of  sodium  were  then  added,  and  while  the 
heating  was  contiuued  the  flask  was  shaken  to  prevent  the  solid 
adhering  to  the  glass.  Gradually  the  contents  of  the  flask  liquefied, 
and  in  about  30  minutes  a  clear  fluid  was  obtained.  More  sodium  and 
alcohol  were  added  from  time  to  time,  until  in  ail  30  grams  of  sodium 
had  been  used  together  with  300  ce.  of  alcohol.  TKe  contents  of  the 
flask  were  now  allowed  to  cool  to  about  100°,  then  an  equal  volume  of 
water  was  added  ;  this  decomposed  the  sodium  amyloxide  and  the 
alcohol  formed  a  layer  on  the  surface.  When  the  liquid  was  quite 
cold,  the  alcohol  was  separated,  washed  twice  with  water,  and  the 
washings  added  to  the  alkaline  fluid.  ïhis  fluid  was  boiled  for  sonie 
time  to  drive  oiî  dissolved  alcohol,  cooled,  and  acidified.  It  was  then 
extracted  three  times  with  ether,  and  thei*esidue,  af ter  distilling  off  the 
Suivent,  was  a  mixture  of  unaltered  anisic  acid,  hexahydrobenzoic  acid, 
and  S-ketohexahydrobenzoic  acid. 

The  keto-acid  is  very  soluble  in  water,  whilst  the  other  two  acids 
are  very  sparingly  soluble.  The  residue  was  therefore  shaken  with 
several  small  quantities  of  water,  and  when  thèse  were  evaporated  to 
a  small  volume,  crystals  of  the  keto-acid  separated  out,  and,  after  drying 
on  a  porous  tile,  were  recrystallised. 

The  hexahydrobenzoic  acid  was  obtained  free  from  anisic  acid  by 
steam  distillation.  The  voluminous  distillate  was  neutralised  with 
sodium  carbonate,  evaporated  to  a  small  volume,  acidified,  and  extracted 
with  ether.  JFrom  the  ether,  the  hexahydrobenzoic  acid  was  obtained 
as  a  pale  yellow  oil.  The  yield  varies,  but  from  10  grams  of  anisic 
acid  7  grams  of  hexahydrobenzoic  acid  and  1  gram  of  the  S-keto-acid 
hâve  been  obtained.  When  greater  quantities  of  anisic  acid  are  used 
at  one  opération,  there  is  a  smaller  percentage  of  reduced  products. 

^-Ketohexahydrohenzoic  Acid,  CO(CH2-CH,),:CH-C02H.— This  sub- 
stance is  very  soluble  in  water,  and  séparâtes  from  solution  in  crystals 
containing  1  mol.  of  water  of  crystallisation.  Good  crystals  are 
obtained  from  a  mixture  of  ligroin  and  ether  (m.  p.  67°). 

0-3330  acid  heated  for  two  hours  at  110°  lost  00356  H.^O  or 
11-56  per  cent.,  the  calculated  loss  for  1  mol.  water  being  11-26  per 
cent. 

0-1875  of  the  dried  acid  gave  0-4068  COg  and  0-1213  H^O. 
C  =  59-17;  H  =  7-18. 

CyHioOg  requires  G  =  59-16  ;  H  -  7*04  per  cent. 

Calcium  Sait,  [CO(CH2-CH2),:OH-COj,Ca,H20.— This  was  pre- 
pared    by   warming  a  solution   of    the   acid   with  calcium   carbonate, 
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filtering,  and  evaporating  ;  it  forms  long,  silky  needles  with  1  mol.  of 
watei\ 

0-2154  heated  at  110°  lost  0-0126  water  or  5-84,  the  calculated  loss 
for  1  mol.  water  being  5*29  per  cent. 

0-2027  dried  sait  gave  0-0849  CaSO^  or  12-32,  the  calculated 
amount  being  12-43  per  cent. 

The  harium  sait  was  prepared  like  the  calcium  sait,  but  using  barium 
carbonate  ;  it  is  very  soluble  in  water,  and  definite  crystals  could  not 
be  obtained  as  there  is  décomposition  during  evaporation. 

0-2330  gave  0-1321  BaSO^  or  Ba  =  33-30;  the  calculated  value  being 
Ba-32-70  per  cent. 

The  Semicarbazone. — This  compound  séparâtes  at  once  when  semi- 
carbazide  hydrochloride  is  added  to  a  solution  of  the  acid  mixed  with 
sodium  acétate.  It  is  a  fine,  white  powder,  sparingly  soluble  in  water 
and  insoluble  in  ether  or  benzène;  it  softens  at  198°,  and  at  199° 
melts  and  décomposes. 

The  properties  of  the  keto-acid  and  the  semicarbazone  corresjjond 
exactly  with  those  observed   by  Perkin. 

To  obtain  pure  hexahydrobenzoic  acid  from  the  product  of  réduc- 
tion, the  acid  obtained  from  several  opérations  was  dried  in  ether 
and  distilled  under  reduced  pressure.  After  the  first  few  drops  had 
passed,  a  perfectly  colourless  distillate  was  obtained,  boiling  at 
115 — 117°  under  13  mm.  pi-essure.  The  acid  distilled  \inder  the 
ordinary  pressure  without  apparent  décomposition,  the  boiling  point 
being  232 — 233°.  On  standing,  or  at  once  on  cooling  in  ice,  crystals  of 
the  acid  separate,  but  the  whole  liqnid  does  not  solidify.  The  crystals 
are  large  and  well  formed,  and  when  freed  from  adhering  liquid  acid 
by  drying  on  a  porous  plate  they  melt  at  29°,  The  properties  of 
this  acid  and  its  dériva tives  are  detailed  in  the  succeeding  paper. 


XIII. — The  Physical  Properties  of  Heptoic,  Hexahydro- 
benzoic, and  Benzoic  Acids  and  their  Derivatives. 
By  John  Scott  Lumsdek. 

By  the  réduction  of  anisic  acid,  as  described  in  the  preceding  paper,  a 
quantity  of  hexahydrobenzoic  acid  was  obtained  in  a  very  pure  state. 
This  is  the  simplest  acid  with  a  hexamethylene  ring,  and  for  the 
purpose  of  gaining  information  regarding  the  physical  properties  of 
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this  ring  formation  the  derivatives  of  hexahydrobenzoic  acid  hâve 
been  prepared  and  compared  with  the  corresponding  derivatives  of 
heptoic  acid,  in  which  the  six  carbon  atoms  form  a  chain,  and  with 
benzoic  acid,  in  which  the  six  carbon  atoms  form  a  benzène  niicleus. 
It  was  particularly  désirable  to  obtain  a  knowledge  of  the  influence  of 
the  présence  of  a  hexamethylene  ring  on  the  boiling  point,  the  mole- 
cuhxr  volume,  and  the  molecular  refraction  of  a  compound,  and  thèse 
constants  hâve  been  carefully  determined,  The  acids  and  their 
derivatives  will  be  first  described,  and  then  by  arrangement  in  tabular 
form  their  relationships  will  be  made  évident. 

Hexahydrohenzoic  Acid,  CH2{CH.,'CH2)2lCH'CO^H. — This  substance 
as  prepared  from  anisic  acid  is  a  colourless  liquid,  which  boils  at  232-5° 
under  the  ordinary  pressure.  It  crystallises,  on  cooling,  in  well-formed, 
monoclinic  prisms,  which  melt  at  29^  and,  on  exposure  to  the  air, 
become  wet  and  lose  their  glassy  appearance.  Although  the  acid  is 
soluble  in  most  organic  solvents,  it  séparâtes  from  thèse  always  as  a 
liquid,  and  crystals  could  only  be  obtained  by  cooling  the  distilled 
acid.  The  présence  of  traces  of  water  or  other  impurity  prevents  the 
acid  crystallising.  In  the  solid  state,  hexahydrobenzoic  acid  is  almost 
odourless,  but  when  liquid  or  in  solution  in  volatile  solvents  it  lias 
a  most  disagreeable  rancid  odour,  not  unlike  valeric  acid.  The  solu- 
bility  of  the  acid  in  water  is  very  small,  as  100  grams  of  water  at  15° 
only  dissolve  0201  gram,  or  the  solubility  is  0-201  100/15°.  The 
sp.  gr,  of  the  liquid  acid  at  15°  was  obtained  by  using  an  apparatus 
with  capillary  ends,  which  allowed  of  the  détermination  being  made 
before  crystallisation  took  place.  The  value  found  was  l'0480  15°/4:°, 
and  the  molecular  volume  was  therefore  128/»^=  1224  ce.  The 
refractive  index  for  sodium  light,  using  a  Pulfrich's  refractometer,  was 
7i?Na/15"  1-46952. 

The  electrical  conductivity  at  25°  was  as  folio ws  : 


M.W 


Moî 

374-5 

\  in  litres. 

fi. 

100  m. 

Ar=100A- 

64 

10-40 

2-777 

0  00123 

128 

14-72 

3-941 

0-00125 

250 

20-97 

5-601 

0-00128 

512 

29-19 

6-021 

0  001-28 

1024 

40-63 

10  800 

0-00128 

Affinity  constant  A' 

=^  0  00120 

A  quantity  of  liquid  hexahydrobenzoic  acid  was  obtained  from 
Kahlbaum,  which,  on  cooling  and  adding  a  crystal  of  the  pure  acid, 
partially  solidified.  This  acid  was  of  good  quality,  and  was  used  to 
prépare  a  few  of  the  followiag  derivatives. 

Esters  of  Hexahydrohenzoic  Acid. — Thèse  esters,  Avhich  were  pre- 
pared by  the  action  of  hydrogea  chloride  on  a  solution  of  the  acid  in 
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excess  of  the  alcohol,  are  fragrant  liquids  ;  their  physical  constants 
are  as  foUows  : 


Methyl  ester    .... 

B,  p. 
....     183 -O" 

Sp.  gr.  1574\ 
0-9954 
0-9672 
0-9530 

Mol.  wt-A^. 
143-1 
161-3 
178-3 

U  Na/15° 
1-45372 

Ethyl      „        .... 
Propyl     ., 

....     196-5 
....     215-5 

1-45012 
1-44862 

Hexahydrohenzoyl  Chloride, 
obtainecl  by  treating  the  acid  witli  rather  more  than  the  calculated 
quantity  of  phosphorus  pentachloride  in  a  distilling  flask.  After  the 
action  was  completed,  the  phosphorus  oxy chloride  was  distilled  off  at 
107°,  and  the  new  product  was  obtained  between  180°  and  190°.  After 
fractionation,  the  acid  chloride  -was  obtained  pure  as  a  colourless 
liquid  boiling  at  184°  and  with  a  pungent  odour  resembling  benzoyl 
chloride. 

KSp.  gr.  1-0962  1574°,  mol.  wt./f^=  133-6,  E  Na/15°=  1-476G2. 

Hexahydrohenzoic   Anhydride,  chIcH^'-CH^Î'-Ch'cO'^^- 

To  obtain  this  substance,  the  sodium  sait  of  hexahydrohenzoic  acid 
was  prepared  and  carefully  dried  at  140°;  it  was  then  powdered  and 
added  in  slight  excess  to  freshly  distilled  hexahydrohenzoyl  chloride. 
Warming  took  place,  the  odour  of  the  chloride  disappeared,  and  the 
new  odour  of  the  anhydride  became  apparent.  After  heating  at  100° 
to  complète  the  action  and  then  cooling,  the  anhydride  was  extracted 
by  dry  benzène  from  the  sodium  chloride  and  unaltered  sodium  sait  of 
the  acid.  "VVhen  the  benzène  was  distilled  off,  the  anhydride  was 
fractionated  and  obtained  as  a  colourless  liquid  with  a  faint  character- 
istic  odour.  On  cooling  in  ice,  a  mass  of  soft  crystals  was  obtained, 
and,  after  being  dried  on  a  porous  tile,  the  crystals  melted  at  25°.  The 
constants  for  the  liquid  anhydride  are:  b.  p.  280 — 283°,  sp.  gr. 
1-0585  15°/4°,  mol.  wt./(Z  =  224-85,  R  Na/15°=  1-48189. 

Hexahydrohenzamide,  CH2(CH2-CH2)5,:CH-CO-înH2.— This  amide 
was  prepared  by  the  action  of  phosphorus  pentachloride  on  the  acid, 
the  product  being  poured  into  concentrated  ammonium  hydroxide 
saturated  with  ammonium  carbonate.  The  amide  separated  at  once, 
and,  after  crystallising  several  times  from  water  and  dilute  alcohol,  it 
was  obtained  in  fatty  flakes  melting  at  184°.  Markownikoff  prepared 
this  compound  and  found  that  it  melted  at  185 — 186°. 

Hexahydrobenzanilide,  CH2(OH,-CH,)2:CH-CO-NH-C«H5.— To  ob- 
tain this  substance,  the  acid  was  heated  for  several  hours  with  a 
small  excess  of  aniline.  A  solid  mass  separated  on  cooling,  and  this, 
after  washing  with  dilute  hydrochloric  acid,  was  dried  and  crystallised 
from  alcohol,     The  anilide  forms  flat,  silky  plates  melting  at  139°. 
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Hej)toic  Acid,  CH.,(CH2)3'C02H,  and  its  Derivatives. 

ïhe  following  compounds  bave  been  prepared  from  heptoic  acid 
obtained  from  Kahlbaum  by  the  same  methods  used  for  the  prépara- 
tion of  the  derivatives  of  hexahydrobenzoic  acid.  The  boiling  points 
given  are,  however,  those  very  carefully  determined  by  Pei-kin  (Trans., 
1884,  45,  484)  and  Gartenmeister  {Annalen,  1886,  233,  249). 

M.  p.  B.  p.            Sp.  gr.  1.574°.  Mol.  wt.ld.       R  Na/15°. 

Heptoicacid -10°  •223-0°(P.)  0-9212  141-1  1-4-2505 

Methyl  ester —  172-1   (Cx.)  0-8806  163  5  1-41366 

Ethyl        ,,    —  187-1    (G.)  0-8714  1813  1-41436 

Propyl      „    —  206-4   (G.)  0-8682  198-1  1-41835 

Heiitoylcliloiide...  —  175-0    (P.)  0-9669  153-5  1-43447 

Heptoic  anhydride .  17  255—258  0-9217  262-5  r43346 

Heptamide    96  —                         —  —  — 

Heptanilide  71  —                        —  —  — 

The  solubility  of  heptoic  acid  in  water  was  found  to  be  0-241  100/15°, 
and  the  affinity  constant,  calculated  from  the  conductivity  at  25°  by 
Franke  {Zelt.  phys'xkal.  Chem.,  1895,  16,  463),  is  Z- 0-00131. 


Benzoic  Acid  and  its  Derivatives. 

Thèse  compounds  were  either  obtained  from  Kahlbaum  or  specially 
prepared.  The  values  given  for  the  boiling  points  are  those  found  by 
Perkin  (Trans.,  1896,  69,  1025)  or  they  are  the  mean  values  of  the 
observations  of  other  workers. 

Benzoic  acid  melts  at  121 '5°  and  boils  at  249-2°.  The  solubility  in 
water  was  found  to  be  0-258  100/50°,  and  the  affinity  constant  at  25° 
calculated  by  Kohlrausch  from  the  détermination  of  the  conductivity 
by  Ostwald  is  ^=00060. 

The  sp.  gr.  of  the  solid  acid  was  obtained  by  melting  a  weighed 
quantity  in  a  sp.  gr.  bottle,  the  rest  of  the  bottle  being  filled  with 
aniline.  By  this  means,  air  bubbles  were  effectually  removed.  The 
value  found  was  1-2659  at  15°/ 4°.  As  the  sp.  gr.  of  heptoic  and  hexa- 
hydrobenzoic acids  were  determined  in  the  liquid  state,  in  order  that 
benzoic  acid  might  be  compared  with  them,  it  was  necessary  to  fiud,  if 
possible,  what  the  sp.  gr.  of  benzoic  acid  would  be  if  it  were  liquid  at 
15°.  At  the  melting  point,  the  sp.  gr.  of  benzoic  acid  is  1-0800  (Schiff, 
Annalen,  1884,  223,  264),  and,  assuming  that  the  i-ate  of  expansion  is 
the  same  as  that  of  heptoic  acid  (Zander,  Annalen,  1884,  224,  92),  the  sp, 
gr.  would  be  1  -1470  at  15°/ 4°.  The  sp.  gr.  was  then  determined  in  benzène 
solution,  it  being  assumed  that  the  benzène  undergoes  no  change  in 
volume,  A  solution  containing  4-0076  grams  of  acid  and  95-9924 
grams  of  benzène   had  a  sp.  gr,  of  0-89071,  whilst  the  sp,  gr,  of  the 
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benzene  was  0-88249.  From  thèse  numbevs,  tlie  sp.  gr.  of  the  dissolved 
acid  was  1-1463  at  15°/4°,  -wbich  is  like  the  value  deduced  from  the  com- 
parison  -with  heptoic  acid.  The  sp.  gr.  in  benzène  solution  is  therefore 
taken  as  the  sp.  gr.  of  the  acid  if  it  were  liquid  at  the  same  tem- 
pérature. The  molecular  volumes  are  :  122/fZ  liquida  106*42  ;  solid  = 
96-37. 

The  index  of  refraction  was  determined  in  the  same  benzène  solution, 
Kanonnikoff  [Ber.,  1883,  16,  3048)  has  shown  that  the  refraction  of  a 
solution  is  the  sum  of  the  réfractions  of  the  dissolved  body  and  the 

sol  vent,  therefore  P — — —  =  p +  p  — -^ — ,  where  P,  ji,  and  p  are 

the  weights  of  solution,  solid,  and  solvent  respectively,  thèse  values 
being  multiplied  by  the  corresponding  spécifie  refractions.  If  the 
weight  F  is  made  100,  and  p  and  p  are  given  in  percentages,  the 
équation  arranged  for  finding  the  spécifie  refraction  of  the  dissolved 

body  is  — -—-  =  100''-~-  -(100-^?)—"    ip.    4-0076  grams  of  benzoic 

acid  in  95-9924  grams  of  benzène  had  a  refi-active  index  of  1-50531, 

that  of  the  benzène  being  1-50420,  therefore  *-~l  =  0-47084.     If  the 

sp.  gr.  is  1-1463,  the  refractive  index  is  (0  47084  x  1-1463)  + 1  = 
1-53974  Na/15°. 

The  properties  of  the  derivatives  of  benzoic  acid  are  as  foUows  : 


Methyl  ester 

Ethyl 

M.  p. 

4-2° 
130 
160 

B.p. 

198-6°  (P.) 
211-8    (P.) 
230  7    (P.) 
199  0 
360-0 

Sp 

gr.  1574°. 
1  -0937 
1  -0509 
1  -0274 
1-2188 
1-1989 

Mol.  wt./f?. 
124-4 
142-8 
159-6 
115-3 
188-5 

R  Na/15° 
1  -52049 
1-50790 

Propyl      ,, 

1  50139 

Beiizoyl  cliloiide  .. 
Benzoic  anhydride 
Benzaraidu  "     

1-55799 
1-57665 

Beuzanilide   

— 

In  the  following  table,  the  constants  of  the  three  acids  and  their 
derivatives  are  arranged  for  the  purpose  of  comparison  : 

Heptoic.   Hexaliydrobenzoic.  Benzoic. 

Acids:                     Melting  points -10°  29°  121-5° 

Boiling  points  223°  232-5°  249-2° 

Sp.  gr.  15°/4°    0-9212  1-0480  1-1463 

Molecular  volume  15°...     141-1  122-4  106-42 

Refractive  index  Na/1. 5°         1-42505  1-46952  r53974 

Solubility  15°   0-241  0-201  0-258 

Affinity  constant  iT 0-00131  0-00126  00060 

Methvl  esters  :        Boiling  points  172-1°  183°  198-6° 

Sp.gr 0-8806  0-9954  1-0937 

Molecular  volume     163-5  143-1  124-4 

Kefractive  index  1-41366  1-45372  1-52049 
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Ethyl  esters  :          Boiling  points  187-r 

Sp.  gr 0-8714 

Molecular  volume    ISTS 

Refractive  index  1-41436 

Propyl  esters  :         lîoiling  points  206-4° 

Sp.  gr 0-8682 

Molecular  volume     198-1 

Kefractive  index  1-41835 

Aeid  chlorides  :       Boiling  points  175° 

Sp.gr 0-9669 

Molecular  volume     153-5 

Refractive  inde.'c  1-43447 

Acid  anliydrides  :  Melting  points   17° 

Boiling  points  256° 

Sp.  gr 0-9217 

Molecular  volume    262-5 

Refractive  index  ..  1-43346 

Acid  amides  :          Melting  points 96' 

Acid  anilides  :          Melting  points 71° 


Heptoic.   Hexahydrobeuzoic.  Benzoic. 


0-9672 
161-3 
1-45012 

215-5° 

0-9530 
178-3 

1-44862 

184° 

1  -0962 
133-6 

1-47662 

25° 
282° 

1-0585 
224-85 
1-48189 

184° 

139' 


211-8' 
1-0509 

142-8 
1-50790 

230  7° 

10274 
159-6 

1-50139 

199° 

1-21S8 
115-3 

1-55799 

42° 
360° 

1-1989 
188-5 
1-57665 

130° 

160° 


It  is  seen  that  the  values  of  tlie  properties  of  hexahydrobenzoic  acid 
and  its  compounds  are  iutermediate  between  tliose  of  heptoic  and 
benzoic  acids.  The  melting  points,  boiling  points,  spécifie  gravit ies, 
and  refractive  indices  are  higher  than  those  of  heptoic,  and  lower  than 
those  of  benzoic  acid,  with  the  exception  of  the  melting  point  of  the 
amide,  -which  is  higher  than  that  of  either  of  the  two  corresponding  com- 
pounds. The  solubility  of  the  acids  is  in  each  case  very  small,  and  that  of 
hexahydrobenzoic  acid  is  slightly  lower  than  the  others.  The  affinity 
constant  of  the  hexahydro-acid  is  considerably  lower  than  that  of 
benzoic  acid,  and  is  very  similar  to  that  of  an  acid  of  the  fatty  séries. 
The  relationship  of  the  boiling  points  is  worthy  of  further  considéra- 
tion. As  the  corresponding  derivatives  of  the  acids  differ  by  the  same 
number  of  hydrogen  atoms  and  the  same  changes  in  constitution,  it 
Avas  to  be  expected  that  there  would  be  a  considérable  regularity  in  the 
différences  of  the  boiling  points.  That  this  is  the  case  is  seen  from  the 
following  table  : 

Boiling  l'oints. 


Acid. 
223-0     48-0 

9-5 

232-5     48-5 
16-7 
Benzoic    249-2     50  2 


Heptoic  

Hexaliydrobenzoic . 


Acid  Methyl  Ethyl  Propyl 

chloride.  ester.  ester.  ester, 

1-5     173-5     13-6     187-1     19-3     206-4 


175 
9 

184 

15 

199 


9-5  9-4  9-1 

1-0  183-0  13-5  196-5  190  215-5 

15-6  15-3  15-2 

0-4     198-6  13-2     211-8  18-9     230-7 
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There  is  an  increase  of  about  9°  from  the  heptoic  to  the  hexahydro- 
benzoic  séries,  and  of  about  15°  from  that  to  the  benzoic  séries.  The 
boiling  point  of  benzoic  acid  itself,  given  by  Kopp  [Jahresber.,  1855,  8, 
35),  seems  to  be  about  2°  too  high.  The  différence  between  the  boiling 
point  of  the  acid  and  any  particular  derivative  is  seen  to  be  the  same 
in  each  séries,  bringing  out  the  interesting  fact  that  if  two  acids  hâve 
about  the  same  molecular  weight,  whether  they  belong  to  the  fatty, 
the  hexamethylene,  or  benzoic  séries,  the  substitution  of  the  hydroxyl 
of  the  acids  by  an  élément  or  group  will  produce  the  same  change  of 
boiling  point  in  each  case.  The  différence  for  CH2  is,  as  usual,  smaller 
between  the  methyl  and  ethyl  esters  than  between  the  ethyl  and 
propyl  esters  due  to  the  association  of  the  methyl  compounds,  and  the 
table  shows  a  further  example  of  the  fact,  first  poiuted  out  by  Schroder 
{Ber.,  1883,  16,  1312),  that  the  boiling  points  of  the  acid  chloride  and 
methyl  ester  of  the  same  acid  lie  very  close  together. 

The  Molecular  Contraction  due  to  the  Présence  of  a  Hexamethylene  Ring. 

From  the  observations  of  Traube,  the  volume  of  the  molecular 
weight  in  grams  of  a  substance  in  the  liquid  state  can  be  calculated  by 
adding  to  the  sum  of  the  atomic  volumes  the  co-volume  of  25'9  ce. 
This  rule  holds  strictly  for  organic  compounds  in  which  the  carbon 
atoms  f orm  a  chain,  but  when  a  benzène  ring  is  présent  in  the  molécule 
a  contraction  of  13  2  ce,  due  to  the  shrinking  in  volume  in  the 
formation  of  the  ring,  must  be  allowed  for.  The  following  table 
shows  that  there  is  exact! y  the  same  diminution  in  volume  due  to  the 
présence  of  a  hexamethylene  ring  : 

Molecular  Volumes  15°. 

Acid            Methyl         Ethyl         Propyl  An- 

Acid.          chloride.          ester.           ester.           ester.  hydride. 

fFound  141-1  12-4    153-5    10-0  163-5  17-8  181-3  16-8  198-1  262-5 

Heptoic-           D       3-2                 0-7                 2-2               0-5            -0-2  -0-9 

[Calc...   144-4    9-8    154-2    11-5  165-7  16-1181-8  16-1197-9  261-6 

d     18-7  19-9  •20-4  20-0  19-8(19-4)    37-7 

Heva-     fFound   122-4  11-2    133-6      9-5  143-1  18-2  161-3  17-0  178-3  224-8 

hydro-  J  D       2-7  1-2  3  2  1-1  0-2  -2  0 

benzoic.  tCalc...  125-1    9-7    134-8    11-5  146-3  16-1162-4  16-1178-5  222-8 

cl     16-0  18-3  18-7  lS-5  18-7(18-6)    36-a 

9-1  124-4  18-4  142-8  16-8  159-6  188-5 

Benzoic-!  D       0-1  0-9  3-3  1-0  0-3  -2-9 

185-6 


fFound  106-4    89    115-3      9-1124-4  18-4  142-8  16-8  159-6 
J  D       0-1  0-9  3-3  1-0  0-3 

[Calc...  106-5    9-7    116-2    11-5  127-7  16-1  143-8  16-1  159-9 


The  values  found  represent  the  volumes  in  ce.   of  the  molecular 
weight  in  grams  at  15°.     The  values  calculated  are  the  sum  of  the 
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atomic  volumes  as  given  by  Traube,  namely,  carbon  9-9,  hydrogen  3-1, 
carbonyl,  estei%  and  anhydride  oxygen  5'5,  hydroxyl  oxygen  04, 
co- volume  25*9,  Avith  a  déduction  for  each  benzène  and  hexametbylene 
ring  of  13'2  ce.  The  différences  between  the  actual  and  the  calculated 
volumes  are  given  in  the  lines  D,  and  in  lines  d  are  set  down  the 
différences  between  the  actual  volumes  in  the  adjacent  séries,  the 
calculated  values  being  noted  at  the  ends  of  the  lines.  The  members 
in  each  séries  are  seen  to  vary  in  a  similar  manner  ;  the  acids  and 
methyl  esters  are  lower  by  2 — 3  ce.  than  the  calculated  values,  owing 
to  association,  except  in  the  case  of  benzoic  acid,  the  volume  of  wliich 
was  determined  in  benzène  solution,  where  association  was  obviated,  but 
the  other  numbers  are  as  close  as  the  errors  of  experiment  would  lead 
one  to  expect. 

The  point  of  importance  is,  that  when  13-2  ce.  are  deducted  from 
the  sum  of  the  atomic  volumes  the  values  are  as  close  to  the  actual 
volumes  in  the  case  of  the  hexaliydrobenzoic  as  in  that  of  the  benzoic 
compouads,  showing  that  the  volumes  of  a  hexamethyleae  and  a  benzène 
ring  are  identical. 

It  is  usually  assumed,  by  considération  of  the  tension  theory  of 
Baeyer  as  to  the  constitution  of  the  benzène  nucleus,  that  an  expansion 
of  the  ring  occurs  when  it  becomes  hydrogenated,  but,  whatever  the 
structural  change  may  be  when  that  takes  place,  it  is  hère  proved  that 
it  must  be  of  such  a  nature  that  it  is  accompanied  by  no  altération  in 
volume  of  the  nucleus. 

A  lie.Tcam'ithylene  ring  has  no  influence  on  the  refraction  of  a  com- 
pound  :  In  the  table  on  p.  98,  the  refraction  constants  for  the  three 
acids  and  their  derivatives  are  given.  The  first  column  contains  the 
refractive  index,  the  second  the  spécifie  refraction,  the  third  the 
molecular  refraction,  the  fourth  the  molecular  refraction  calculated  from 
the  sum  of  the  atomic  refractions,  the  values  used  being  those  deduced 
for  sodium  light  by  Zecchini  (Abstr.,  1893,  ii,  253),  namely, 
carbon  4-71,  hydrogen  147,  hydroxyl  oxygen  2-65,  carbonyl  oxygen 
3*33,  chlorine  10*05  ;  the  last  column  contains  the  différences  between 
the  actual  and  the  calculated  values. 

The  sum  of  the  atomic  refractions  is  seen  to  agrée  closely  with  the 
real  molecular  refractions  in  both  the  heptoic  and  hexahydrobenzoic 
séries,  therefore  the  hexametbylene  structure  exerts  no  influence  on 
the  refraction  of  light.  In  the  benzoic  séries,  the  sum  of  the  atomic 
refractions  is  much  less  than  the  molecular  réfractions,  and  about  nine 
units  must  be  added  to  represent  the  additional  refraction  due  to  the 
benzène  nucleus.  It  will  be  noticed  that  the  molecular  refractions 
of  the  correspond  ing  benzoic  and  hexahydrobenzoic  compounds  are 
almost  identical,  although  the  latter  coutain  six  hydrogen  atoms  more, 
showing  that  the  benzène  nucleus  causes  a  retardation  of  light  as 
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^Na/15°  =  ??. 


Heptoic  acid  . 

Hexahydrobenzoic  acid 
Benzoic  acid  


Methyl  hex)toate    1 

, ,       hexahydrobeiizoate  1 

,,       beiizoate    1 

Etliyl  heptoate  1 

,,      hexahydrobenzoate  .  1 

,,      bcnzoate  1 

Propyl  heptoate     1 

,,      hexahydrobenzoate.  1 

, ,      beiizoate     1 

Heptoyl  chloride  1 

Hexahydrobeiizoyl  chhjiide  1 

Benzoyl  chloride    1 


Heptoic                 auhydi 
Hexahydrobenzoic     , , 
Benzoic  anhydride    


de 


42505 
46952 
53974 

41366 
45372 
52049 

41436 
45012 
50790 

41835 
44862 
50139 

43447 
47662 
55799 

43346 

48189 
57665 


w-1 
d    • 
0-5526 
0-4478 
0-4708 

0-4697 
0-4558 
0-4759 

0-4756 
0-4654 
0-4833 

0-4818 
0-4708 
0-4880 

0-4493 
0-4348 
0-4578 

0-4702 
0-4553 
0-4810 


-M. 


57-34 

57-44 

67-64 
64-91 
64-72 

75-]  5 
72-59 
72-50 

82-87 
80-02 
80-03 

66-74 
63-70 
64-32 

113-79 
108-36 
108-70 


Sum 
atomic 
refractions. 

59-53 

56-59 

47-77 
(56-59) 

67-18 

64-24 

55-42 
(64-24) 

74-83 

71-89 

63-07 
(71-89) 

82-48 

79-54 

70-72 
(79-54) 

65-46 

62-52 

53-70 
(62-52j 
113-47 
107-59 

89-95 
(107-59) 


Diff. 


I 


great  as  that  due  to  s'x  hydrogen  atoms.  When  this  value,  namely, 
6  X  1-47  =  8-82,  is  added  to  the  sum  of  the  atomic  refractions  of  the 
benzoic  compound^',  the  numbers  given  in  brackets  are  obtained  and 
the  diiîerences  between  thèse  and  the  real  values  ave  seen  to  be 
similar  in  the  other  séries,  therefore  8-82  represents  the  refraction  of 
the  benzène  ring. 

The  results  of  the  foregoing  investigation  may  be  summarised  as 
foUows:  the  properties  of  hexahydrobenzoic  acid  and  its  derivatives 
are  intermediate  between  those  of  heptoic  and  benzoic  acids.  In 
the  case  of  the  boiling  points,  the  hexahydro-derivatives  boil  9° 
higher  than  those  of  heptoic  and  15°  lower  than  those  of  benzoic  acid. 
The  volume  of  a  hexamethylene  ring  is  identical  with  that  of  a  benzène 
nucleus,  but  whilst  a  hexamethylene  ring  exerts  no  influence  on  the 
refraction  of  light,  the  retardation  by  a  benzène  nucleus  is  equal  to 
that  due  to  six  hydrogen  atoms,  so  that  corresponding  derivatives  of 
benzoic  and  hexahydrobenzoic  acids  hâve  the  same  molecular 
refraction. 
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XIV. — Transformations  of  Derivatives  of  ^-Tribromo- 
cUazobenzene. 

By  Kennedy  Joseph  Previté  Ortox. 

In  studying  the  reactions  of  the  s-trihalogendiazobenzenes,  the  author 
observed  {Proc.  Roy.  Soc,  1902,  71,  153  ;  Trans.,  1903,  83,  796)  that 
under  certain  well-defined  conditions  a  halogen  atom  occupying  the 
ortho-position  was  displaced  by  a  hydroxyl  group,  a  quinonediazide 
(diazophenol)  being  produced,  thus  : 


^"^11       r         -->  Il       r  +  ÏÏBr. 


Br  Br 

According  to  the  author's  observations,  the  conditions  favouring 
this  interchange  were  the  simultaneous  présence  in  solution  of  the 
hydroxyl  ion,  (OH)',  and  the  diazonium  ion,  (Ci^HgBrg'N.^)'.  Thus  the 
salts  of  a  strong  acid,  the  sulpbate,  &c.,  do  not  suffer  this  décomposi- 
tion. Similarly,  the  diazotates  in  the  présence  of  excess  of  hydroxide, 
that  is,  when  the  ions  (OH)'  and  (Ci^H^Erg-N^^O)',  but  not  the  ion 
(CgHgBrg'N'g)',  are  in  solution,  are  also  stable. 

In  the  course  of  this  investigation,  the  author  had  occasion  to  re[eat 
the  experiments  in  which  Hantz>oh  and  Pohl  (Ber.,  1902,  35,  2964) 
obtained  s-tribromophenylnitrosoamine,  (.'i.HoBrg'NH'NO.  According 
to  thèse  chemists,  this  substance  is  formed  under  the  very  conditions 
in  which  the  author  observed  the  production  of  the  quinonediazide. 
Hantzsch  and  Pohl  found  that  the  nitrosoamine  was  produced  on 
cautiously  neutralising  solutions  of  the  diazotates,  or  in  the  décomposi- 
tion of  dilute  solutions  of  diazonium  salta  of  weak  acids.  They 
failed  to  observe  the  élimination  of  bromine,  and  believed  that  the 
araorphous,  yellow  substance  which  is  formed  under  thèse  conditions 
consisted  only  of  the  nitrosoamine.  According  to  the  author,  this 
yellow  material  consisted  in  ail  cases  observed  by  him  of  a  mixture  of 
a  complex  substance  or  substances,  probably  azo-  or  hydroxyazo-deriva- 
tives^  and  3  :  5-dibromoquinonediazide,  which  formed  under  the  most 
favourable  conditions  some  25  per  cent,  of  the  mixture.*  On  no  occasion 
was  any  évidence  of  the  présence  of  Hantzsch  and  Pohl's  nitrosoamine 
obtained. 

In   a   subséquent    paper,    Hantzsch    (Ber.,    1903,    36,  2069),  as   a 

*  For  further  comparisons  between  the  materials  described  by  Hantzscli  aiul  Pohl 
and  Orton  respectively,  see  Orton,  Traus.    1903,  83,  798. 
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conséquence  of  the  autbor's  results,  modified  some  of  the  statements 
previously  made,  now  fmding  that  biomine  is  eliminated  always  in 
the  décomposition  of  s-tribromodiazobenzene  under  the  conditions 
described  above,  the  quinonediazide  being  produced.  Further,  he 
admits  that  the  substance  previously  described  as  the  hydrochloride  of 
the  nitrosoamine  is  in  fact  the  hydrochloride  of  the  quinonediazide. 
He,  however,  still  claims  that  the  nitrosoamine  is  formed  and  is 
présent  in  the  yellow  solid,  although  he  no  longer  describes  it  as  a 
stable  substance,  but  states  that  it  décomposes  at  any  but  a  low 
température,  hydrogen  bromide  and  the  quinonediazide  being  formed. 
He  ascribes  the  author's  failure  to  recognise  the  présence  of  the 
nitrosoamine  to  the  fact  that  the  author  worked  at  too  high  a 
température  ;  below  0°,  the  nitrosoamine  does  not  décompose  so 
rapidly.  He  concludes  that  the  author  is  in  error  in  representing  the 
décomposition  as  being  primarily  a  replacement  of  bromine  by 
hydroxyl.  Under  ail  conditions,  he  belle ves  that  the  nitrosoamine  is 
the  first  product  of  the  change  of  a  diazonium  sait  or  diazotate,  and 
that  it  subsequently  décomposes  into  the  quinonediazide  with  the 
élimination  of  bromine. 

On  account  of  the  discrepancy  betweeu  thèse  séries  of  observations, 
and  still  more  from  the  fact  that  from  the  author's  point  of  view  it  is 
important  that  it  should  be  decided  whether  the  quinonediazide  is 
formed  directly  from  the  diazo-compounds,  a  view  which  ail  the 
author's  expérience  with  thèse  substances  has  gone  to  confirm  (Trans., 
1903,  83,  799,  &c.),  or  through  the  intermediary  stage  of  the 
nitrosoamine,  a  fresh  séries  of  experiments  has  been  made  to 
investigate  the  décomposition  of  s-tribromodiazobenzene. 

Since  in  any  case  it  is  now  admitted  that  the  s-tribromophenyl- 
nitrosoamine  is  unstable  and  cannot  be  isolated  free  from  quinone- 
diazide, &c.,  in  an  analysable  condition,  it  now  only  remains  to  be 
demonstrated  that  the  product  first  formed  at  low  températures 
contains  the  nitrosoamine,  and  secondly  that  this  product  can  be 
shown  to  décompose  into  quinonediazide  or  other  svibstances  with  the 
élimination  of  bromine.  If  it  can  be  shown  that  the  yellow  product 
of  the  décomposition  not  only  contains  quinonediazide,  but  also  that 
the  proportion  of  diazide  neither  increases,  nor  do  any  subséquent 
décompositions  take  place,  then  it  would  appear  that  generally,  at 
least,  no  nitrosoamine  is  formed  under  thèse  conditions,  or  at  any  rate 
that  it  does  not  décompose  into  the  quinonediazide. 

Hantzsch  states  in  his  last  paper  (1)  that  the  primary  yellow 
amorphous  product  contains  s-tribromophenylnitrosoamine,  since,  when 
treated  with  alcoholic  /3-naphthol,  s-tribromobenzeneazo-^-naphthol  is 
formed,  and  (2)  that  the  yellow  aqueous  extï-act  of  this  solid  is  a 
solution  of  the  nitrosoamine  ;  this  solution,  according  to  Hantzsch, 
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gives  no  precipitate  of  silver  bromide  until  it  is  warmed,  and  con- 
sequently  the  nitrosoamine  decomposed,  and  at  first  gives  merely  the 
ovdinary  coupling  with  ^-naphthol,  and  only  after  heating  the 
characteristic  colour  of  the  quinonediazides  with  this  reagent. 

The  following  experiments  hâve  been  made  to  throw  light  on  thèse 
points. 

Investigation    of    the    Decoinpositioii    of    Sodium    ii-Tribromohenzene- 
diazotate   h  y  the  Addition  of  Acid. 

A  0'75  per  cent,  solution  of  the  diazotate  was  prepared  by 
adding  0'5  gram  of  the  diazonium  hydrogen  sulphate  in  50  ce.  of 
water  to  25  ce.  of  a  10  per  cent,  solution  of  sodium  hydi^oxide  cooled 
to  0^.  The  colourless  mixture  was  cooled  until  it  partially  froze,  the 
température  being  -  1°,  obviously  the  lowest  température  obtainable. 
A  current  of  carbon  dioxide  was  now  passed  in  until  a  copions,  yellow 
precipitate  was  formed.  The  température  was  then  allowed  to  rise 
until  the  whole  of  the  ice  had  melted  ;  it  ne  ver  exceeded  -  0-5°.  The 
yellow  solid  was  rapidly  coUected  on  an  ice-cold  filter  and  washed  with 
ice-cold  water.  The  yellow  filtrate  was  directly  received  into  cooled 
dilute  nitric  acid  in  order  to  stop  the  décomposition  of  the  diazo- 
compound,  and  the  bromide  immediately  precipitated  by  silver  nitrate, 
when  0'1688  gram  of  silver  bromide  was  found,  this  being  équivalent 
to  79  per  cent,  of  one  atomic  proportion  of  bromine. 

In  the  author's  first  experiments  (Trans.,  1903,  83,  808),  which 
were  carried  out  in  a  cooled  solution,  82  per  cent,  of  one  atomic 
proportion  of  bromine  was  eliminated.  On  keeping  the  filtrate  from 
the  silver  bromide  for  24  hours,  no  further  précipitation  of  bromide 
was  observed, 

The  Yellow  Solid. — A  pox'tion  of  the  yellow  solid  directly  after 
collection  and  washing  with  ice-cold  water  was  suspended  in  water 
and  kept  for  24  hours  (température,  15 — 17°).  The  yellow  filtrate 
thus  obtained  gave  no  precipitate  with  silver  nitrate.  If  the  unstable 
nitrosoamine  were  présent  in  the  yellow  solid,  then,  according  to 
Hantzsch,  when  treated  in  this  manner,  it  should  hâve  decomposed  into 
the  quinonediazide  and  hydrogen  bromide,  which  should  hâve  been 
recognisable  in  the  solution. 

The  remainder  of  the  yellow  solid  was  suspended  in  alcoholic 
)8-naphthol  and  kept  for  24  hours  ;  the  orange-coloured  liquid  was  then 
filtered  from  yellow  solid  and  cautiously  precipitated  with  water.  The 
very  small  quantity  of  red  flocks  which  separated  was  washed  with 
alcohol,  and  melted  directly  at  155 — 165°.  Hantzsch  gives  169°  as 
the  melting  point,  but  records  no  analysis  of  this  solid,  which  he  takes 
to  be  nearly  pure  s-tribromobenzeneazo-/8-naphthol  (m.  p.  179 — 180°). 

VOL.    LXXXVII.  1 
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When  the  aqueous  and  more  especially  the  alcoholic  alkaline 
solution  of  this  solid  (m.  p.  165°)  was  cautiously  neutralised,  the 
characteristic  colonr-changes  of  the  coupled  product  of  a  quinone- 
diazide  with  y8-naphthol  were  observed.  The  alcoholic  extract 
contains,  however,  besides  the  small  amount  of  coupled  /?-naphthol 
derivative,  a  considérable  quantity  of  3  : 5-dibromoquinonecliazide, 
which,  on  adding  water,  is  partially  precipitated  with  the  /S-naphthol 
derivative  ;  this  no  doubt  accounts  for  the  low  and  indistinct  melting 
point,  165°,  observed  for  the  red  flocks  ;  the  dibromophenolazo-^- 
naphthol  melts  at  216 — 217°.  The  présence  of  the  quinonediazide  in 
the  alcoholic  [solution  of  the  /3-naphthol,  in  which  the  yellow  solid  has 
been  suspended,  can  be  very  readily  demon.strated  by  adding  a  drop  of 
sodium  hydroxide  solution  (see  p.  104).  The  characteristic  coupling 
of  a  quinonediazide  begins  immediately,  and  the  crystalline  product 
which  séparâtes  melted  directly  at  210°.  Moreover,  the  quinonediazide 
can  itself  be  isolated  in  a  pure  and  crystalline  condition  (decomposing 
at  140°)  from  the  alcoholic  solution  of  /3-naphthol  used  for  exti'action, 
by  carefuUy  regulated  addition  of  water. 

Decomjjositiou  of  s.-Tribromobenzenediazonium  Hydrogen  Carbonate. — 
Owing  to  the  length  of  time  required  for  the  diazonium  acétate  to 
change  to  an  apprecialjle  extent,  the  hydrogen  carbonate  was 
exclusively  used  in  thèse  experiments  ;  it  was  prepared  by  adding  a 
slight  excess  of  sodium  hydrogen  cai'bonate  over  the  quantity  required 
by  the  ratio,  (CgHgBrg'jSTg'HSO^)  :  2(NaHC03),  to  the  aqueous  solution 
of  the  diazonium  hydrogen  sulphate. 

A  solution  of  0*5  gram  of  the  diazonium  hydrogen  sulphate  in  50  ce. 
of  water  was  partially  frozen,  and  a  solution  of  0'2  gram  of  sodium 
hydrogen  carbonate  in  25  ce.  of  ice-cold  water  rapidly  added. 
The  ice  was  allowed  to  melt  and  the  yellow  solid  collected  on  a  cooled 
funnel  within  20  minutes  of  mixing.  The  filtrate  was  received  into 
dilute  nitric  acid  and  the  bromide  precipitated. 

0'0858  gram  of  AgBr  was  found,  this  being  équivalent  to  40  per 
cent,  of  one  atomic  proportion  of  bromine. 

In  a  second  experiment,  performed  in  an  exactly  similar  manner, 
0-0866  gram  of  AgBr  was  found,  an  amount  équivalent  to  40'5  per 
cent,  of  one  atomic  proportion  of  bromine. 

In  order  to  ascertain  if  the  yellow  solid  decomposed  on  keeping,  it 
was  treated,  as  in  the  previous  experiment,  by  suspending  in  water  for 
24  hours.  No  bromide  was  found  in  the  liquid.  Moreover,  no  bromide 
was  formed  by  boiling  some  of  the  yellow  solid  in  water  for  half  an 
hour. 

Another  portion  was  suspended  in  alcoholic  y8-naphthol  ;  a  small 
amount  of  coupling  took  place,  the  coupled  product  behaving  as  in  the 
last  experiment,  as  the  derivative  of  a  quinonediazide  ;  quinonediazide 
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was  also  extracted  from  the  yellow  solid  by  the  alcoholic  /3-naphthol, 
and  its  présence  deinonstrated  by  making  the  solution  alkaline, 

It  will  be  noted  that  in  thèse  experiments  very  small  quantities  of 
diazoniuni  hydrogen  sulphate  were  used  at  any  one  time.  ïhe  yellow, 
amorphous  precipitate  obtained  in  the  reaction  cannot  be  filtered  easily, 
and  is  accordingly  difficult  to  wash.  Rapidity  is  essential  in  dealing 
with  such  a  substance  as  the  nitrosoamine,  which  is  so  sensitive  to 
températures  above  0°.  Further,  since  the  récognition  of  the  nitroso- 
amine dépends  mainly  on  the  formation  of  s-tribromobenzeneazo-^- 
naphthol,  it  is  obvious  that  ail  unchanged  diazonium  sait  adhering  to 
the  precipitate  must  be  washed  away  before  bringing  the  solid  into 
contact  with  the  alcoholic  y8-naphthol. 

In  the  experimeut  just  described,  a  very  dilute  (less  than  1  per 
cent.)  solution  of  the  diazonium  sait  was  used.  In  other  experiments, 
more  concentrated  solutions  up  to  10  per  cent,  hâve  been  employed, 
without,  however,  affecting  the  results. 

It  would  appear  therefore  as  if  the  yellow  solid,  prepared  by 
both  methods  at  the  lowest  attainable  température,  undergoes  on 
keeping  at  a  higher  température  no  décomposition  in  which  hydrogen 
bromide  is  eliminated  ;  further,  the  yellow  solid  always  contains  the 
quinonediazide. 

Behaviour  of  the  Âqueotis  Extract  of  the  Yelloio  Solid. — The  yellow 
solid  was  prepared,  as  above  described,  by  treating  a  solution  of  diazo- 
nium hydrogen  sulphate  (1  gram-mol.)  with  sodium  hydrogen  carbonate 
(2  gram-mols.).  The  product,  the  température  of  which  was  not 
allowed  to  rise  above  0°,  was  extracted  with  100  ce.  of  ice-cold  water 
for  half  an  hour.  The  yellow  solution  thus  obtained  gave  no  precipi- 
tate with  silver  nitrate  ;  after  boiling,  a  cloudiness  was  observed, 
which  disappeared  on  the  addition  of  nitric  acid  and  could  not  there- 
fore be  a  precipitate  of  silver  bromide.  It  coupled  faintly  both  before 
and  after  boiling  with  ^-naphthol.  After  keeping  for  24  hours,  its 
behaviour  towards  silver  nitrate  was  unchanged.  On  shaking  with 
chloroform,  which  entirely  extracts  the  quinonediazide  (see  p.  \0\'\  a 
colourless  liquid  remains,  showing  no  sign  of  coupling  and  giving  no 
precipitate  with  silver  nitrate.  The  diazophenol  in  the  chloroform 
extract  was  converted  into  the  y8-naphthol  derivative,  which  gave 
directly  the  correct  melting  point,  216 — -217°.  The  aqueous  extract 
behaved,  in  fact,  exactly  as  if  it  were  an  aqueous  solution  of 
3  :  5-dibromoquinonediazide. 

Estimation  of  the  Quinonediazide  in  the  Yellow  Solid. — In  order  to 
demonstrate  as  completely  as  possible  that  the  quinonediazide  does  not 
arise  from  a  décomposition  in  the  primary  yellow  solid,  attempts  were 
made  to  estimate  directly  the  proportion  of  the  diazide  présent,  and 
at  the  same  time  to  show  that  this  quinonediazide  is  not  the  product 

1    2 
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of  tlie  décomposition  of  the  nitrosoamine.  Since  the  latter  change 
must  be  accompanied  by  the  formation  of  hydrogen  bromide,  its 
extent,  if  it  occurs,  could  be  easily  measured. 

Détection  and  Estimation  of  the  Quinonediazide. — It  is  remai-kable 
that  in  neutral  oi'  faintly  acid  solution  (either  alcoholic  or  aqueous), 
quinonediazides  couple  very  slowly  indeed  with  ^-naphthol,  but  in  the 
présence  of  a  minute  quantity  of  a  base,  either  a  hydroxide  or  such  a 
base  as  pyridine,  the  coupling  is  not  only  rapid  but  complète.  The  best 
method  of  coupling  a  quinonediazide  with  y8-naphthol  is  to  dissolve 
both  substances  in  alcohol  and  thon  add  from  0-5  to  1  ce.  of  0'5 
per  cent,  solution  of  sodium  hydroxide.  Coupling  begins  immediately, 
the  solution  acquiring  a  characteristic  purple  colour.  In  a  short  time, 
crystals  of  the  coupled  product  appear,  and  the  process  is  complète  in 
3  or  4  hours,  although  when  the  quinonediazide  was  to  be  estimated 
the  mixture  was  left  overnight  ;  it  was  then  acidified  with  a  drop  of 
acetic  acid  and  the  solid  collected  on  a  Gooch  filter,  washed  with 
alcohol,  dried  at  100°,  and  weighed.  In  order  to  estimate  the  quinone- 
diazide in  aqueous  sokition,  the  liquid  was  extracted  three  times 
with  chloroform,  which  removed  the  diazide  completely,  leaving  a 
colourless  solution  ;  the  chloroform  was  evaporated  at  a  low  tempéra- 
ture, and  the  residue  taken  up  in  alcohol,  in  which  the  coupling  was 
carried  out.  When  the  quinonediazide  has  to  be  extracted  from  a 
solution  containing  diazonium  sait,  the  chloroform  must  be  very  care- 
fully  separated  from  the  aqueous  liquor.  Solids  containing  a  quinone- 
diazide can  be  extracted  directly  with  cold  alcohol. 

Comparative  experiments  were  made  with^-nitrophenylnitrosoamine, 
NOj'CgH^'NH'NO,  which  was  prepared  according  to  Schraube  and 
Schmidt's  directions  {Ber.,  1894,  27,  518).  In  alcoholic  solution,  the 
nitrosoamine  couples  very  rapidly  with  )8-naphthol  ;  the  reaction  does 
not  appear  either  to  be  accelerated  by  the  présence  of  bases  or  to  be 
rendered  more  complète.  This  nitrosoamine  therefore  oft'ers  a  marked 
contrast  to  the  quinonediazides  in  this  respect. 

In  the  estimation  of  the  quinonediazide  in  the  original  yellow  solid 
by  conversion  into  the  ^-naphthol  derivative,  the  formation  of  hydrogen 
bromide  during  the  opération  was  carefully  looked  for.  The  yellow 
solid  for  each  experiment  was  prepared  from  2  grams  of  s-tribromobenz- 
enediazonium  hydrogen  sulphate,  which  was  dissolved  in  25  ce.  of 
water,  the  solution  partially  frozen,  and  then  0*8  gram  of  sodium 
hydrogen  carbonate  (2"1  équivalents)  dissolved  n  25  ce.  of  ice-cold 
water  added.  The  ice  in  the  mixture  was  allowed  to  melt,  the  tem- 
pérature never  rising  above  0^.  The  yellow  solid  was  rapidly  collected 
and  washed  with  ice-cold  water.  The  filtrate  contained  bromide 
équivalent  to  41  per  cent,  of  one  atomic  proportion  of  bromine.  The 
solid  was  left  in  contact  with  75   ce   of  ice-cold  alcohol  for  half  an 
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hour  ;  the  yellow  solution  was  liltered  and  1  gram  of  ^-naphthol  in 
15  ce.  of  cold  alcohol  added.  On  introducing  0  005  gram  of  sodium 
hydroxide  dissolved  in  1  ce.  of  water,  a  rapid  coupling  immediately 
began.  After  24  hours,  the  deeply-coloured  liquid  from  wliich  erystals 
had  separated  was  aeidified  with  aeetic  acid  and  the  solid  dibromo- 
phenolazo-|8-naphthol  colleeted,  washed  with  alcohol,  and  weighed. 
The  weight  was  0-24  gram,  and  the  substance  melted  without 
recrystallisation  at  213°  instead  of  216°.  This  amount  of  coupled 
quinonediazide  represents  12-5  per  cent,  of  the  diazonium  sait  used, 
The  amount  of  quinonediazide  does  not  correspond  to  the  bromine 
eliminated,  since  not  only  does  a  portion  remain  in  the  aqueous  liquor, 
but  also  part  condenses  forming  the  yellow  amorphous  powder. 

If  the  whole  of  the  quinonediazide  found  was  not  originally 
présent  in  the  yellow  solid,  but  was  formed  secondarily  from  the 
nitrosoamine  during  the  treatment  with  cold  alcohol,  or  after  addition 
of  sodium  hydroxide,  then  not  only  should  hydrobromic  acid  hâve  been 
formed,  thus  neutralising  the  alkali  (0-005  gram  XaOH),  but  bromine 
ions  should  hâve  been  found  in  the  alcoholie  liquor.  The  liquid,  how- 
ever,  remained  alkaline  during  the  24  hours  through  whiehit  was  kept 
for  the  coupling  to  become  complète.  Finally,  the  bromide  was 
estimated  in  the  alcoholie  mother  liquor,  from  w^hich  the  coupled 
produet  had  been  filtered.  The  liquor  was  poured  into  500  ce.  of 
water,  kept  for  24  hours,  and  the  y8-naphthol  filtered  off.  Silver 
nitrate  and  nitric  acid  were  then  added  ;  a  slight  red  precipitate 
was  formed,  which  was  colleeted  in  a  weighed  Gooch  crucible  and 
there  washed  with  alcohol  and  finally  with  ether.  No  solid  remained 
in  the  crucible,  the  weight  of  which,  after  drying  at  150°,  was 
unchanged.  If  the  quinonediazide  which  was  found  had  been  entirely 
formed  from  nitrosoamine,  originally  présent  in  the  yellow  solid,  O'IOT 
gram  of  silver  bromide  would  hâve  been  obtained. 

Eepetitions  of  this  experiment  gave  exactly  similar  results,  0-23 
gram  and  0-232  gram  respectively  of  coupled  produet  being  found 
and  no  silver  bromide  obtained  from  the  alcoholie  filti  ate. 

In  another  experiment,  the  conditions  were  somewhat  varied  ;  3 
instead  of  2-1  équivalents  of  sodium  hydrogen  carbonate  w-ere  used,  and 
the  mixture  was  only  allowed  to  stand  for  15  minutes.  Fif ty  per  cent, 
of  one  atomic  proportion  of  bromine  was  found  in  the  aqueous  filtrate. 
The  alcoholie  extract  of  the  yellow  solid  jielded  dibromophenolazo- 
/3-naphthol,  representing  12-07  per  cent,  of  the  diazonium  sait  used. 

It  will  be  seen  therefore  from  the  above  experiments  that  not  only 
has  it  been  impossible  to  obtain  any  évidence  of  the  présence  of 
the  nitrosoamine  in  the  yellow  solid  formed  in  the  décomposition  of 
s-tribromobenzenediazonium  salts  of  weak  acids  (hydrogen  carbonates), 
but  it  seems  impossible  to  doubt  that  the  quinonediazide,  which  can  be 
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lecognised  and  estimated  in  the  yellow  solid,  is  not  produced  even 
partly  from  the  niti'osoamine  originally  présent  therein,  since  the 
other  product  of  the  décomposition,  hydrogen  bromide,  cannot  be  found. 
XJp  to  the  présent  the  author  lias  not  been  able  to  obtain  any 
évidence  of  the  formation  of  the  nitrosoamine  ;  vmder  the  conditions 
when  its  formation,  from  analogy  with  the  formation  of  Schraube  and 
Schmidt's  ^>nitrophenylnitrosoamine,  was  to  be  expected,  another 
reaction  takes  place,  namely,  tlie  displacement  of  bromine  by  hydroxyl, 
a  reaction  which  is  not  possible  in  the  case  of  the  jL>-nitro-derivative. 


It  will  be  convenient  hère  to  record  some  experiments  on  the  décom- 
position of  s-tribromobenzenediazonium  salts  in  the  présence  of  a 
hydrogen  carbonate  ;  thèse  experiments  bear  on  the  results  given  in 
the  first  part  of  this  paper,  and  illustrate  the  effect  of  the  proportion 
of  hydrogen  carbonate  and  of  time  and  température  on  the  extent  of 
the  reaction. 

The  reaction  between  the  diazonium  hydrogen  sulphate  and  the 
hydrogen  carbonate  never  leads  (at  the  ordinary  température)  to  the 
complète  élimination  of  one  atomic  proportion  of  bromine,  owing  to  the 
condensation  of  the  undecomposed  diazo-compound  both  with  itself 
and  with  the  quinonediazide  ;  the  condensation  product  is  the  yellow, 
amorphous,  insoluble  powder  of  high  molecular  weight,  which  gener- 
ally  forms  the  major  part  of  the  yellow  precipitate.  The  follow- 
ing  table  shows  the  effect  of  the  proportion  of  hydrogen  carbonate 
on  the  extent  of  the  reaction. 

For  each  gram-mol.  of  diazonium  hydrogen  sulphate,  the  following 
quantities  of  hydrogen  carbonate  were  used  : 

Gram-mols.  of  hydrogen  carbonate    2  3  4  8 

Percentage  of  one  atomic  proportion  of  bromine, 

appearing  as  bromine  ions    49         55         81         87 

When  two  gram-mols.  of  hydrogen  carbonate  are  used,  it  will  be 
notieed  that  the  reaction  ceases  (practically)  Avhen  sufficient  bromine 
ions  hâve  been  produced  to  convei't  completely  any  hydrogen  carbonate 
into  bromide. 

The  effect  of  time  is  shown  in  the  following  results  : 


Gram-mols.  of 

hydrogen 

Percentage  of  one  atomic 

carbonate  for  1 

gram-mol. 

Time  occupied  by 

proportion  of  bromine, 

of  diazonium  sait. 

tire  reaction. 

found  as  ions. 

2 

10  minutes 

40 

2 

1-75  hours 

41 

2 

72 

49 

4 

2 

81 

4 

772 

81 

8 

15  minutes 

86 

8 

72  hours 

87 
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The  effect  of  température  betweeii  the  limits  of  O'^  and  15°  is  very 
small.  Tiius,  using  4  gram-mols.  of  hydrogen  carbonate  (time,  2  hours), 
7 9 '4  per  cent,  of  one  atomic  proportion  of  bromine  was  eliminated  at 
0°,  whilst  at  13°  81  percent,  was  found. 

From  this  resuit,  it  appears  that  the  différence  between  the  author's 
and  Hantzsch's  results  is  not  due  to  the  différence  of  température  at 
which  the  reactions  were  carried  out. 

The  author  wishes  to  express  his  indebtedness  to  the  Chemical 
Society  for  the  Grant  from  the  Research  Fund  by  means  of  which  the 
cost  of  this  investigation  was  partly  defrayed. 

University  Collège  of  North  Wales, 
Bangor. 


XV. — The  Détermination  of  Acetyl  Groups. 

By  Arthur  George  Perkin,  F.R.S. 

For  the  estimation  of  acetyl  groups  in  the  acetyl  derivatives  of 
phenolic  substances,  the  indirect  method  which  consists  in  the  déter- 
mination of  the  percentage  of  regenerated  phénol  given  by  hydrolysis 
is,  when  available,  the  most  advantageous.  The  employment  of  sul- 
phuric  acid  for  this  purpose  appears  to  hâve  been  fii-st  described  by 
Liebermann  (Ber.,  1884,  17,  1682),  who  analysed  acetylquercetin  by 
means  of  a  70  per  cent,  acid  at  the  température  of  the  water-bath. 
Various  modifications  of  this  method  hâve  been  employed  by  others, 
and  I  hâve  shown  that  hydrolysis  with  sulphuric  acid  in  the  présence 
of  acetic  acid  (1  gram  of  substance,  15  ce.  of  acetic  acid,  and  2  ce.  of 
sulphuric  acid  approximately)  at  the  boiling  beat  gives  good  results 
with  most  acetyl  compounds  (Trans.,  1896,  69,  210).  The  product  of 
the  reaction,  on  cautions  dilution  with  boiling  water,  as  a  rule,  deposits 
the  phénol  in  a  crystalline  condition,  and  the  substance  is  thus  very 
easily  coUected  and  washed,  This  method  has  also  been  employed 
with  a  satisfactory  resuit  at  the  ordinary  température  (Trans.,  1898, 
74,  1034),  and  again  the  sulphuric  acid  can  be  replaced  by  hydrochloric 
acid  (5  ce)  when  sulphonation  is  likely  to  occur  (Trans.,  1899,  75, 
448).  Alkaline  hydrolytic  agents  are  sometimes  serviceable  as  regards 
the  indii-ect  method,  but  in  cases  whei'e  the  regenerated  phénol  is 
liable  to  attack  by  the  alkali,  strong  alcoholic  potassium  acétate  can 
frequently  be  employed  with  advantage. 

In  many  cases,  however,  the  indirect  method  is  not  available,  and  it 
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is  then  necessary  to  détermine  the  acetic  acid  produced  by  the  hydro- 
lysis.  For  this  purpose,  the  décomposition  o£  the  acetyl  componnd  is 
efEected  by  means  of  potassium  hydroxide,  barium  hydroxide  (Herzig, 
Monatsh.,  1884,  5,  86),  magnesia  (Schiff,  Ber.,  1879,  12,  1531),  &c., 
and  the  acetic  acid  estimated  in  varions  ways.  The  latter  reagents 
hâve  been  employed  in  certain  cases  where  a  strong  alkali  would  react 
on  the  phénol  itself  ;  for  instance,  according  to  Erdmann  and  Schultz 
{Ann.,  1882,  216,  234),  acetylhœmatoxylin  evolves  formic  acid  when 
digested  with  boiling  dilute  alkali.  F.  Wenzel  {Monatsh.,  1897,  18, 
659)  prefers  to  hydrolyse  the  substance  with  a  slightly  diluted  sul- 
phuric  acid,  sodium  phosphate  being  then  added  and  the  acetic  acid 
distilled  olï  under  reduced  pressure.  Such  processes,  however,  involve, 
as  a  rule,  long  and  tedious  opérations,  and  are  not  always  reliable  with 
small  quantities  of  sub.stance,  and  it  was  consequently  interesting  to 
détermine  whether  some  simpler  and  more  rapid  method  could  not  be 
devised. 

It  was  previously  found  (Trans.,  1899,  75,  433)  that  the 
acetyl  derivatives  of  phenolic  colouring  matters  are  hydrolysed  by 
boiling  alcoholic  potassium  acétate  solution  with  the  production  of  ethyl 
acétate  and  the  mono-  and  di-potassium  salts  of  the  substance,  and 
experiments  with  other  0-acetyl  compounds  showed  that  in  ail  cases 
ethyl  acétate  was  evolved  by  this  method.  In  order  to  study  the  pro- 
cess,  0-5  gram  of  the  substance  was  digested  at  the  boiling  température 
in  a  small  retort  with  a  half-saturated  solution  of  potassium  acétate 
in  alcohol  for  one  and  a  half  hours,  the  volume  of  the  liquid  being 
made  up  from  time  to  time  with  fresh  quantities  of  alcohol.  The  dis- 
tillate  was  treated  with  standard  alcoholic  potash,  heated  to  boiling  to 
saponify  the  ethyl  acétate  présent,  and  titi-ated  with  sulphuric  acid  to 
détermine  the  quantity  of  acetic  acid  which  was  thus  produced.  The 
earlier  experiments  carried  out  in  this  manner  gave  satisfactory  results, 
as  acetylbutin,  0^511905(021130)3,  yielded  45-60  per  cent,  of  acetic  acid 
(theory, 45-23  per  cent.),  and  acetylbutein,  G^^^O^{CJiî^O)^,  54  per  cent, 
(theory,  54*54  per  cent.),  but  with  some  other  compounds  the  reaction 
proceeded  but  slowly  and  involved  the  use  of  large  quantities  of 
alcohol.  For  instance,  penta-acetylcatechin,  Cj5HgOg( 0.21130)5  (m.  p. 
129 — 130°),  was  not  completely  hydrolysed  after  3  hours'  digestion 
with  the  acétate  (found,  acetic  acid  =  43*35  ;  theoiy  requires  60  per 
cent.),  and  a  somewhat  similar  resuit  was  given  by  acetylcyanomaclurin, 
Oj5H90g(02H30)5  (found,  35*8  ;  theory  requires  60  per  cent.).  Although 
it  appeai'ed  quite  possil>le  by  a  longer  treatment,  or  the  employment 
of  a  higher  température,  to  devise  a  method  by  which  the  use  of 
potassium  acétate  would  be  generally  applicable,  the  experiments  were 
not  continued,  as  the  following  process,  in  which  the  acétate  is  replaced 
by  sulphuric  acid,  gave  satisfactory  and  rapid  results. 
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In  canying  ont  this  opération,  0-5  grain  of  the  substance  (approx.), 
30  ce,  of  alcohol,  and  2  c.c.  of  sulphuric  acid  are  placed  in  a  small 
retort  and  the  mixture  gently  distilled  until  about  one-third  of  its 
bulk  remains.  Twenty  c.c.  of  fresh  alcohol  are  then  added,  the  opéra- 
tion repeated,  and  a  second,  a"nd  sometimes  a  third,  quantity  of  the 
alcohol  run  in.  ïhe  distillate  is  collected  in  a  flask  containing  20  c.c. 
of  standard  alcoholic  potash  solution,  and  at  the  end  of  the  opération 
is  connected  to  a  reflux  condenser  and  heated  on  the  water-bath  for  a 
few  minutes.  The  product  diluted  with  a  little  water  is  titrated  with 
standard  sulphuric  acid.*  It  bas  been  usual  to  distil  slowly  so  that 
about  three-quarters  of  an  hour  is  thus  occupied,  and  it  is  of  course 
necessary  that  the  distillation  be  not  carried  too  far,  otherwise  an 
évolution  of  sulphurous  acid  will  thus  occur.  In  order  that  no  traces 
of  acid  liquid  can  be  carried  over  by  spurting,  the  tubulure  of  the 
retort  is  bent  from  the  centre  at  a  slight  angle,  and  into  the  neck  a 
small  tap  funnel  is  fitted  by  means  of  which  the  fresh  alcohol  is  added 
during  the  distillation.  The  whole  opei'ation  should  not  require  more 
than  an  hour  and  a  quarter,  and  less  than  this  is  usually  suflîcient. 
The  following  acetyl  derivatives,  speeially  prepared,  hâve  been 
analysed  by  this  method. 


Acetylalizarine  Ci4He04(C2H30)., 

Acetylquercetiu Ci5H307(CoH30)g 

Acetylpui'puiogallin CiiR^OjiC.iiîsO)^ 

Acetylbutm    CigHACCoHjO);, 

Aeetylcatechiii  (m.  p.  129—130°)..  C'ijHpOelC'aHsOjj 
Acetylcatechin  (m.  p.  158—160")..  Ci5H906(C2H.jO)5 
Acetylhesperitin Ci6Hn06(C2H30)3 

It  was  found  possible,  except  in  the  case  of  the  catechins,  to  recover 
the  phenolic  compounds  regenerated  by  the  reaction  in  a  pure  con- 
dition, and  it  is  quite  évident  that  where  thèse  substances  are  insol- 
uble in  cold  water  an  indirect  détermination  can  be  simultaneously 
carried  out  by  this  method.  The  above  results  require  no  spécial  com- 
ment, though  it  is  interesting  to  observe  that  acetylhesperitin  bas 
given  numbers  in  harmony  with  those  previously  obtained  by  hydro- 
lysis  in  the  cold  (Trans.,  1898,  74,  1034).  Varions  other  0-acetyl 
compounds  hâve  been  analysed  by  this  method  with  good  resuit,  and 
thèse  will  be  referred  to  in  later  communications. 

It  is  possible  that  the  sulphuric  acid  in  this  process  can  be  replaced 
by  phosphoric  acid.  In  one  experiment  with  diacetylalizarine  an  acid 
of  r5  sp.  gr.  gave,  dui'ing  an  hour  and  a  half,  17'8  per  cent,  of  acetic 

*  Normal  sulphuric  acid  was  iisually  employed,  but  wlien  only  small  quantities 
of  substance  are  available,  a  more  tlilute  acid  is  préférable. 


Acetic  acid. 

Found. 

Tlieory. 

37 -59 

37-04 

.58-44 

58-59 

62-40 

61-86 

45-60  1 
45-34  j 

45-23 

00-24 

60-00 

60-18 

60-00 

42-54 

42-06 
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acid  (theory  37 '59)  as  ethyl  acétate,  and  it  seems  likely  tliat  had  the 
reagent  been  stronger  a  more  satisfactory  i-esult  could  thus  hâve  been 
obtained. 

Acetylamido-co7n2younds. 

The  method  described  is  also  applicable  to  iV-acetyl  derivatives,  but 
in  this  case  is  not  so  important,  because  the  détection  of  amido-groups 
can  be  so  readily  elïected  by  the  well  known  "  nitrite  "  process.  For 
thèse  de'erminations,  4  ce.  of  sulphuric  acid  in  30  ce.  of  alcohol  hâve 
been  usiially  eniployed,  and  the  solution  was  concentrated  during  the 
opération  to  at  least  one-third  its  bulk,  for  hydrolysis  witli  thèse  com- 
pounds  does  not  proceed  so  readily  as  with.the  0-acetyl  derivatives. 
The  residual  liquid  is  diluted  with  alcohol  and  the  mixture  distilled  as 
before,  and  this  is  repeated  until  the  distillate  is  f  ree  from  ethyl  acétate. 
The  reaction  is  usually  complète  in  an  hour  and  a  half,  and  the  only 
précaution  necessary  is  to  observe  that  the  concentration  does  not 
proceed  too  far.  The  following  results  were  obtained  with  products 
specially  prepared  for  the  purpose  : 

Acetic  acid. 


Found.  Theory. 

Acetanilide    CgHs-NH-CO-CHg         {H'ôô}  '^^'^^ 

Aceto-^;-toluidide CVHv'NH'CO-CHg  39-85  40-21 

Diacetylbenzidine Ci2H8(NH-CO -0113)2        44-54  44-77 

Clothworkers'  Research  Laboratory, 
The  Univeksitt, 
Leeds. 


XVI. — Studies   in   the    Camphane   Séries.     Part   XVI. 
Camphorylcarhimide  and  Isomeric  Camphorylcarh- 
amides. 
By  Martin  Onslow  Forster  and  Hans  Eduard  Fierz. 

The  readiness  with  which  borny  lamine,  the  amino-derivative  of  a  fuUy 
hydrogenated  cycloid,  is  converted  into  bornylcarbimide  by  the  action 
of  nitrous  acid  on  the  carbamide  (Forster  and  Attwell,  Trans.,  1904, 
85,  1188)  has  led  us  to  examine  the  behaviour  of  more  complex  bases 
from  the  same  standpoint.  Choosing  aminocamphor  as  a  convenient 
type  of  the  amino-ketones,  we  ti-eated  the  hydrochloride  with  potassium 
cyanate  in  order  to  prépare  the  cauiphorylcarbamide  obtained  by  Rupe 
{Ber.,  1894,  27,  584,  and  1895,  28,  778),  and  at  this  stage  encountered 
circumstances  which  hâve  brought  to  light  a  camphoryl-(/^-carbamide 
exhibiting  interesting  properties. 
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Rupe  describes  the  carbamide  of  amiuocamphor  as  melting  at  169" 
without  evolving  gas,  and  yielding  witK  condensing  agents  camphor- 
imidazolone,  Cj^H^gON.,,  infusible  at  320°;  nitrous  acid  transformed  his 
modification  of  campliorylcarbamide  into  a  compound  melting  at  77°, 
the  properties  of  which  escaped  examination,  wbilst  the  substance 
itself  was  not  analysed. 

Although  we  substantiate  E-upe's  account  in  every  particular,  ouv 
experiments  show  that  a  very  slight  modification  of  his  conditions 
leads  to  an  isomeric  substance  which  melts  somewhat  indefinitely  and 
décomposes  at  184°,  and  yields  with  niti-ous  acid  at  0°  a  true  nitroso- 
derivative  melting  at  158°.  The  new  compound,  however,  resembles 
Rupe' s  in  furnishing  camphorimidazolone  when  dissolved  in  concen- 
trated  sulphuric  acid,  and  if  treated  with  nitrous  acid  in  the  absence 
of  précaution  against  rise  of  température,  it  gives  the  substance  melting 
at  77°  which  was  obtained  by  Rupe  from  his  camphorylcarbamide  ; 
moreover,  the  différences  in  solubility,  and  in  spécifie  rotatory  power, 
displayed  by  the  two  isomerides,  are  unimportant. 

At  fîrst  we  suspected  the  discrepancy  between  Rupe's  results  and 
our  own  to  dépend  upon  a  différence  in  the  spécimens  of  amino- 
camphor  employed,  because  Rupe  prepared  his  material  by  reducing 
isonitrosocamphor  with  zinc  and  acetic  acid,  whereas  we  applied  the 
alkaline  method,  and  in  working  with  substitution  products  of  camphor 
it  is  necessary  to  keep  in  view  the  possible  occurrence  of  cistrans- 
isomerism,  as  in  the  case  of  bornylamine  and  neobornylamine.  We 
find,  however,  that  the  formation  of  the  isomeric  camphorylcarbamides 
does  not  dépend  upon  the  source  of  the  aminocamphor,  but  is  influenced 
by  the  concentration  of  the  liquid  in  which  the  hydrochluride  of  the  base 
interacts  with  potassium  cyanate,  and  by  the  présence  of  acid  or  alkali. 

The  production  of  two  carbamide  derivatives  from  a  single  base  is  a 
somewhat  unusual  occurrence,  and  the  distinction  offered  by  amino. 
camphor  in  this  respect  from  bornylamine  and  aniline,  each  of  which 
yields  one  carbamide  only,  appears  to  indicate  the  carbonyl  group  as 
causing  the  divergence  of  behaviour. 

On  considering  the  possible  constitution  of  the  two  isomerides, 
numerous  structural  formulée  suggest  themselves. 

CH-NH-CO-NH,  TT    r,Ti    /CH-N:C(0H)-NH2 


I-  ^s^u<Xr.  '  II-  CsH,,<, 


CO  ■     •'^    1*^00 

n«.  C,H,<  1^^  ^       ^  III.  CVHX6(0H).NH>^^ 

CH N 
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Of  thèse  expressions,  II  with  lia,  IV,  and  VI  are  the  tautomeric 
forms  of  I,  III,  aud  V,  respectively,  and  althougli  there  can  be  little 
doubt  that  one  or  other  of  the  compoimds  has  the  normal  structure  I, 
it  is  not  easy  to  draw  a  definite  conclusion  regarding  the  isomeride  ; 
before  doing  so  it  will  le  necessary  to  indicate  briefly  the  varions 
properties  which  must  be  broaght  into  agreement. 

It  has  been  mentioned  that  the  substance  melting  at  77°,  obtained 
by  Rupe  from  camphoi'ylcarbamide  and  nitrous  acid,  was  not  further 
exaniined  by  its  discoverer  ;  on  preparing  it  for  comparison  with  the 
nitroso-derivative  of  camphoryl-)//-carbamide,  we  found  that  it  is  the 

hitherto  unknown  camphorylcarbimide,  CyH,^<^  i  *    '    .      Not  only 

does  this  coœpound  arise  from  the  ^seMcZo-carbamide  also  if  the  action 

of  nitrous  acid  is  not  controlled  by  a  low  température,  but  it  is  pro- 

duced    immediately,    with    libération    of    nitrogen,    when    the    freshly 

prepared  camphorylnitroso-i/^-carbamide  is  warmed  with  water  ;  if,  how- 

ever,  the  nitroso-compound  is  dried  in  the  desiccator,  or  reci-ystallised 

from  alcohol,  boiling  water  has  no  action  upon  it.     The  behaviour  of  the 

two  carbamides  towards  nitrous  acid  appears  to  differ,  therefore,  in  the 

fact  that  a  hydrated  nitroso-derivative,  forming  an  intermediate  stage 

in  the  production  cf  the  carbimide,   can  be  isolated  only  in  the  case 

of  the  />seWocarbamide. 

Towards    hydroxylamine   acétate    they    behave   alike.       With   this 

agent,  both  yield  the  oxime  of  camphorjlcarbamide, 

^,  ^      Xïï-NH-CO-NH,     ,     .      ,  ,  ,          .       ,    j 

^s^H^P'vr/ vTT  ">  obtamed  trom  a-ami nocamphoroxime  hydro- 

chloride  and  potassium  cyanate  by  Lapworth  and  Harvey  (Trans., 
1902,81,553).  Hère  again,  the  production  of  a  single  oxime  from 
the  two  carbamides  indicates  the  carbonyl  group  as  the  cause  of 
isomerism,  which  disappears  with  oximation  of  the  ketone. 

If  the  hydrochloride  of  methylaminocamphor  is  treated  with 
potassium  cyanate,  two  carbamides  again  are  formed.  One  of  thèse 
has  been  described  already  by  Duden  and  Pritzkow  {Ber.,  1899,  32, 
1538)  as  melting  at  185°;  in  addition  to  this  compound  we  hâve 
obtained  a  joseMc?o-carbamide  melting  at  200°,  and,aswould  be  foreseen 
from  the  position  of  the  methyl  group,  nitrous  acid  is  without  action 
on  either  compound.  Of  the  two  pairs  of  carbamides  which  hâve  been 
studied,  the  one  of  lower  melting  point  is  transformed  into  the  pseudo- 
modification  by  aqueous  alkalis,  whilst  dilute  acids  bring  about  the 
converse  change. 

The  foregoing  facts  lead  us  to  regard  Rupe's  carbamide  as  having  the 
normal  structure  I,  and  to  represent  the  josewtZo-modification  by  formula 
III.  Expressions  corresponding  with  V  and  VI  hâve  been  used  by 
Gabriel  {Ber.,   1889,  22,   2990;  compare  also  Hirsch,  Ber.,  1890,23, 


STUDIES    IN   THE    CAMPHAXE    SERIES.       PART    XVI.  118 

966,  Gabriel  and  Stelzner,  Ber.,  1895,  28,  2929)  in  explaining  the 
transformation  of  allylcarbamide  into  propylene-i/z-carbamide,  which  is 
obtained  also  from  ^-bromopropylamine  hydrobromide  and  potassium 
cyanate,  but  thèse  do  not  appear  to  us  applicable  in  the  présent 
instance,  chiefly  owing  to  the  difficulty  of  eliminating  ammonia  by 
alkalis,  and  to  the  readiness  with  which  camphorimidazolone, 

is  obtainable  by  the  action  of  dehydrating  agents. 

By  analogy  with  the  camphorylcarbamides,  the  camphoiylmethyl- 
carbamide  described  by  Duden  and  Pritzkow,  and  the  ^.sewcZo-modifica- 
tion  mentioned  above,  will  be  i-epresented  by  the  formula? 

nu    /ÇH-NMe-CO-NH,  .ÇH— KMe.   ^„, 

CsH„<i0  '      """^     °^"»<6(0H)-NH>'^° 

respectively,  whilst  the  indifférence  of  thèse  compounds  towards  nitrous 

acid  indicates  the  structure  C^Ht,<' i  ,^^,\,^^;^'>C0  for  the  nitroso- 
b    14  ^C(OH)'ISrH''^ 

derivative  of  camphoryl-i//-carbamide.     The  décomposition  of  the  last- 

named   substance   in   its  hydrated  form   when   warmed   with  water  is 

explained  by  the  équation 

/CH N \ 


/    MHO-i-N;-OHi      \         rTT  ^ÇH-n:c:o^^  ^^„^ 

\  1/              ■    ■  /  ^*J 

^C -NH ^ 

From  a  study  of  camphorylthiocarbamide  and  the  carbamino- 
derivatives  of  the  camphylamines,  we  hope  to  gain  further  information 
respecting  this  case  of  isomerism,  and  are  therefore  continuing  the 
investigation  on  thèse  lines. 

It  remains  to  be  stated  that  camphorylcarbimide  closely  resemliles 
bornylcarbimide  in  gênerai  properties  ;  it  surpasses  that  substance  in 
chemical  activity,  however,  being  converted  into  the  disubstituted 
carbamide  much  more  readily  by  water,  and  yielding  with  methyl  and 
ethyl  alcohols  the  corresponding  carbamates.  From  this  point  of  view, 
therefore,  it  lies  between  bornylcarbimide  and  phenylcarbimide. 

Expérimental. 

QtT 'NTT 

Camjihoryl-^-carhamide,    ^^^uKI^iq^^^  .^H^^'^' 

Fifty  grams  of  isonitrosocamphor  dissolved  in  200  ce.  of  water  con- 
taining  60  grams  of  sodium  hydroxide  were  treated  with  50  grams  of 
zinc    dust,    the    liquid    being    vigorously    shaken     and     cooled.      The 
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precipitated  aminocamphor  was  removed  by  means  of  ether,  dissolved 
in  80  ce.  of  15  per  cent.  hydrochloi*ic  acid,  and  mixed  with  50  grams 
of  potassium  cyanate  in  150  ce  of  water.  A  viscous  oil  was  im- 
mediately  preeipitated,  and  after  15  minutes  the  product  was  rendered 
alkaline  with  a  20  per  eent.  solution  of  sodium  hydroxide,  which  trans- 
formed  the  oil  into  a  crystalline  paste  in  the  course  of  1  hour.  The 
filtered  substance  was  recrystallised  froin  boiling  water,  coneentrated 
solutions  depositing  leaflets,  whilst  needles  separated  from  the  diluted 
liquid  ;  the  spécimen  for  analysis  was  further  crystallised  from  benzène 
mixed  with  a  small  proportion  of  absolute  alcohol,  being  thus  obtained 
in  felted  masses  of  silky  white  needles  which  retained  the  solvent  with 
such  tenacity  that  until  the  substance  had  been  heated  for  some  time 
at  90°,  the  percentage  of  carbon  was  systematically  higher  than  that 
indicated  by  theory. 

0-1311  gave  0-3016  CO2  and  0-1015  H^O.     0  =  6275;  H  =  8-66. 

0-0990      „     12-0  ce  of  nitrogen  at  25°  and  758  mm.     N=  13-50. 

Ci^Hj^O^K^  requires  0  =  62-86  ;  H  -  8-57  ;  N  =  13-33  per  cent. 

The  melting  point  is  somewhat  indefinite,  as  the  compound  evolves 
gas,  but  fusion  generally  occurs  at  184°,  although  one  spécimen 
crystallised  from  water  melted  at  188°.  It  is  insoluble  in  boiling 
light  petroleum,  but  is  readily  soluble  in  cold  ehloroform  and  absolute 
alcohol  ;  warm  ethyl  acétate  also  dissolves  it  readily,  but  less  fr-eely 
than  the  isomeric  earbamide,  whilst  waim  acétone,  in  which  it  dissolves 
without  difficulty,  deposits  it  in  well  formed,  rectangular  plates,  distinct 
from  the  silky  needles  in  which  camphorylcarbamide  is  deposited  by 
the  same  médium.  A  solution  containing  0-4609  gram  in  25  ce.  of 
absolute  alcohol  gave  a^  -  30'  in  a  2-dcm.  tube,  whence  [ajo  -  13-5°. 

Camphoryl-i/'-carbamide  does  not  lose  ammonia  when  boiled  with 
40  per  cent,  potassium  hydroxide,  but  it  is  rapidly  changed  by  con- 
eentrated sulphuric  acid,  yielding  camphorimidazolone,  which  dissolves 
with  dithculty  in  boiling  alcohol,  crystallising  in  lustrous  needles 
infusible  at  300°.  The  most  satisfactory  process  for  obtaining  this 
compound  is  to  dissolve  1  gram  of  the  psewcZo-carbamide  in  2  ce.  of 
coneentrated  acid,  heat  in  steam  during  1  minute,  and  dilute  largely 
with  water  ;  if  the  action  is  protracted,  the  eolour  of  the  liquid  changes 
through  pale  red  and  intense  reddish-brown  to  deep  greenish-purple, 
finally  acquiring  the  appearance  of  malachite  green.  Thèse  eolour 
transformations  are  associated  with  the  graduai  destruction  of  the 
imidazolone. 

Action  of  Hydroxylamine  Acétate. — Two  grams  of  the;;seMrfo-carbamide 
were  dissolved  in  20  ce.  of  absolute  alcohol  and  heated  with  4  grams 
of  hydroxylamine  hydrochloride  and  10  grams  of  sodium  acétate  during 
6   hours  ;  on  pouring  the  product  into  water,  lustrous  leaflets  were 
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precipitated,  crystallising  from  water  in  transparent,  hexagonal  plates, 
The  oxime  melts  and  décomposes  at  202 — 203°,  and  appears  to  be 
identical  with  the  carbamide  obtained  by  Lapworth  and  Harvey  from 
a-aminocamphoroxime  (Trans.,  1902,  81,  553). 

In  order  to  compare  camphoryl-i//-carbamide  with  Eupe's  derivative, 
we  prepared  the  latter  by  dissolving  10  grams  of  a-aminocamphor 
carbonate  in  150  ce,  of  2  per  cent,  hydrochloric  acid,  and  treating  the 
filtered  liqviid  with  10  grams  of  potassium  cyanate  ;  the  filtrate 
remained  clear  dui^ing  24  hours,  when  long  needles  began  to  separate, 
and  gradually  filled  the  solution.  The  product,  when  completely  dry, 
dissolved  readily  in  cold  benzène,  but  immediately  separated  in  a 
voluminous  mass  of  silky  needles  ;  this  behaviour  is  doubtless  due  to 
assimilation  of  benzène  of  crystallisation,  because  the  air-dried  crystals 
require  to  be  exposed  to  a  température  of  80°  during  a  considérable 
period  bef  ore  the  odour  of  the  hydrocarbon  is  removed.  In  this  respect 
the  normal  carbamide  resembles  the  pseudo-m.odiûcîition,  and  with  the 
exception  already  mentioned,  the  behaviour  of  the  two  substances 
towards  solvents  generally  is  exactly  similar.  Moreover,  the  colour- 
changes  undergone  by  a  solution  of  the  carbamide  in  concentrated 
sulphuric  acid  on  heating  are  identical  with  those  recorded  in  connec- 
tion with  the  pseudo-carha,mide,  and  the  oxime  described  above  is 
obtained  when  the  carbamide  is  heated  with  hydroxylamine  acétate. 
Rupe's  compound  melts  at  169°,  and  a  solution  containing  0'5275  gram 
in  25  ce.  of  absolute  alcohol  gave  au  18'  in  a  2-dcm.  tube,  whence 
[a]o  +  7-l°. 

In  describing  the  production  of  this  compound,  Rupe  (Ber.,  1895,  28, 
778)  mentions  the  formation  of  an  oil  when  aminocamphor  hydro- 
chloride  dissolved  in  water  is  warmed  with  potassium  cyanate,  and 
states  that  great  difficulty  was  experienced  in  causing  it  to  become 
crystalline.  In  the  light  of  our  experiments,  it  appeared  probable  that 
this  oil  was  a  mixture  of  camphoryl-i/^-carbamide  with  the  normal 
compound,  and  having  found  that  alkali  facilitated  its  solidification, 
we  proceeded  to  examine  the  behaviour  of  Rupe's  carbamide  towards 
alkali  ;  1  gram  of  the  finely  powdered  substance  was  agitated  with 
10  per  cent,  sodium  hydroxide  during  2  hours,  when  the  product  was 
found  to  consist  of  the  jt;sewcZo-carbamide.  The  converse  change  is 
brought  about  l)y  dilute  acids,  a  spécimen  of  camphoryl-i/^-carbamide, 
when  left  in  contact  with  dilute  hydrochloric  acid,  and  shaken  at 
intervais  during  several  days,  changing  completely  into  Rupe's 
compound. 
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CH*N(NO') 
CaniphorylnHroso-\p-carhamide,     CgH^^*;^  I  ,        .  ]>C0. 

Twenty  grams  of  camphoryl-i/^-carbamide  were  suspended  in  1  litre 
of  water,  treated  with  60  ce.  of  concentrated  hydrochloric  acid  in 
150  ce.  of  water,  and  cooled  by  tlie  addition  of  crushed  ice  ;  20  grams 
of  solid  sodium  nitrite  were  then  added  slowly,  the  liquid  being  stirred 
vigorously  during  the  opération.  After  half  an  hour,  the  bulky,  pale 
yellow  precipitate  was  filtered,  Avashed,  di-ied  in  the  desiccator,  and 
subsequently  crystallised  from  alcohol,  separating  in  lustrons,  pale 
yellow  needles  ;  when  newly  withdrawn  from  the  mother  liquor,  it 
melts  and  décomposes  at  142°,  but  after  some  days  the  crystals  become 
opaque  and  melt  at  158°. 

01433  gave  0-2874  COg  and  00960  H2O.     C  =  55-08;  H  =  7-44. 

0-2170     „     33-6  ce  of  nitrogen  at  25°  and  760  mm.     N=  17-30. 

Cj,Hi^03N3requiresC  =  55-23;  H  =  7-16;  N  =  17-57  per  cent. 

A  solution  containing  0-3138  gram  dissolved  in  25  ce.  of  chloroform 
gave  ttjj  4°  15'  in  a  2-dcm.  tube,  whence  [a]o  + 169-3°. 

The  nitroso-derivative  is  insoluble  in  boiling  light  petroleum,  and 
only  sparingly  soluble  in  benzène,  from  which  it  crystallises  in  silky 
needles  ;  chloroform,  ethyl  acétate,  and  acétone  dissolve  it  freely.  It 
gives  the  Liebermann  reaction  with  ail  the  stages  well  defined,  and 
does  not  reduce  Fehling's  solution  on  boiling. 

In  preparing  the  compound  by  the  above  process  it  is  of  the 
greatest  importance  to  keep  the  liquid  within  a  few  degrees  of  zéro, 
and  to  add  the  nitrite  very  slowly  ;  if  thèse  précautions  are  not 
observed,  nitrogen  is  evolved  briskly,  and  the  product  consists  of 
camphorylcarbimide  (see  below).  It  appears  that  the  tendency  to 
produce  this  substance  is  great,  because  even  the  nitroso-derivative, 
when  freshly  prepared,  and  while  still  wet,  yields  the  carbimide  on 
treatment  with  hot  water  ;  for  this  reason  it  is  necessary  to  dry  the 
substance  thoroughly  in  the  desiccator  before  attempting  to  re- 
crystallise  it. 

When  the  nitroso-derivative  is  treated  with  cold  concentrated 
aqueous  caustic  potash,  a  very  vigorous  action  occurs,  nitrogen  is 
liberated,  and  an  oil  produced  which  recalls  the  odour  of  géranium  ; 
we  are  still  investigating  this  change,  and  find  that  the  production  of 
an  acidic  substance  free  from  nitrogen  is  accompanied  by  élimination 
of  cyanic  acid.  The  réduction  of  the  compound  has  also  given  interest- 
ing  results,  which  we  hope  to  communicate  shortly. 
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CH — NMe 
Camphorylniethyl-ij/-carbamide,   CgH^^*:^  i  „    >C0. 

Twenty  grams  of  methylaminocamphor  prepared  by  reducing  the 
nitrogen  methyl  ether  of  zsonitrosocamphor  with  zinc  and  acetic  acid 
(Forster,  Trans.,  1904,  85,  898)  were  dissolved  in  50  ce.  of  15  per 
cent,  hydrochloric  acid,  and  slowly  treated  with  30  grams  of  potassium 
cyanate  dissolved  in  50  ce.  of  water  ;  at  first  the  liquid  effervesced 
vigorously  and  remained  clear,  but  when  about  half  the  sait  had  been 
added,  a  viscous  oil  separated.  After  an  interval  of  5  minutes,  10  per 
cent,  sodium  hydroxide  was  added,  causing  the  oil  to  solidify  rapidly, 
yielding  a  crystalline  product  which  weighed  20  grams.  The 
compound  is  sparingly  soluble  in  boiling  water,  from  which  it  crystal- 
lises  in  lustrons,  prismatic  needles,  or  brilliant  leaflets,  according  to 
the  concentration  ;  it  melts  and  evolves  gas  at  200°. 

0-1639  gave  0-3846  C0._,  and  0-1360  Hp.     C  =  64-00  ;  H  =  9-22. 
C12H20O2N,  requires  C  =  64-28  ;  H  =  8'99per  cent. 

A  solution  containing  0-8155  gram  in  25  ce.  of  absolute  alcohol 
gave  qd  27'  in  a  2-dem.  tube,  whence  [a]^  +6-9°.  The  compound  is 
very  sparingly  soluble  in  boiling  light  petroleum,  but  dissolves  readily 
in  hot  benzène,  crystallising  in  refractive,  clear  eut  prisms  ;  it  is 
moderately  soluble  in  cold  ethyl  acétate  and  acétone,  crystallising  from 
both  in  slender,  prismatic  needles.  Absolute  alcohol  dissolves  it 
readily,  and  the  solution  gives  no  precipitate  with  ammoniacal  silver 
nitrate,  but  on  boiling  the  liquid,  réduction  takes  place  slowly.  The 
methyl-i//-earbamide  beeomes  yellow  when  boiled  with  10  per  cent, 
potassium  hydroxide,  but  ammonia  is  not  evolved  ;  on  boiling  with 
Fehling's  solution  it  remains  unchanged.  The  substance  distinguishes 
itself  from  camphoryl-i/^-earbamide  by  its  indifférence  towards  hydroxyl- 
aminé  acétate,  and  by  its  failure  to  yield  a  nitroso-derivative. 

Action  of  Sulphuric  Acid.  —  Oamphorylmethyl  -  i/r  -  carbamide 
dissolves  in  hot  dilute  sulphuric  acid,  and  in  the  cold  con- 
centrated  acid  with  slight  rise  of  température.  If  the  latter 
solution  is  heated  during  several  minutes  in  boiling  water,  the 
colour  deepens  from  yellow  to  orange,  pale  red,  intense  brownish-red, 
and  finally  rich  purplish-blue,  resembling  at  this  stage  the  colour 
developed  by  ferrie  chloride  with  enols.  On  dilution  with  water,  the 
liquid  yields  no  precipitate,  but  develops  a  green  coloration,  sufficiently 
intense  at  the  later  stages  to  reeall  malachite  green.  Wool  is  dyed  in 
a  green  shade  from  this  acid  solution,  but  the  colour  produced  is  not 
permanent  on  washing,  either  with  distilled  or  tap  water  ;  the  fibre, 
however,  retains  a  pale  brown   hue,  the  green  colour  being  quiekly 
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restored  in  its  original  intensity  by  soaking  in  dilate  minerai  acid,  but 
not  by  acetic  acid.  If  the  deep  green  liquid  is  rendered  alkaline,  a 
pale  brown  solution  is  formed,  in  which  acids  develop  the  green  colour  ; 
the  chromophore  is  therefore  amphoteric,  and  it  is  not  extracted  by 
ether  from  its  solutions  in  acids  and  alkalis. 

This  description  of  camphorylmethyl-i//^-carbamide  distinguishes  the 
substance  from  the  carbamide  derivative  prepared  by  Duden  and 
Pritzkow  (JBer.,  1899,  32,  1542)  ;  thèse  authors  give  no  détails  relating 
to  their  method  of  préparation,  but  by  the  action  of  potassium  cyanate 
on  the  hydrochloride  of  methylaminocamphor  under  the  conditions 
favourable  to  the  production  of  Rupe's  camphorylcarbamide  from 
aminocamphor,  we  hâve  obtained  the  compound  described  by  Duden 
and  Pritzkow.  Twenty  grams  of  methylaminocamphor  dissolved  in 
300  ce.  of  2  per  cent,  hydrochloric  acid  were  treated  with  25  grams  of 
potassium  cyanate  in  50  ce.  of  water  ;  after  half  an  hour,  the  filtered 
liquid  began  to  deposit  colourless  crystals,  the  product,  after  12  hours, 
weighing  17  "5  grams.  It  crystallises  from  benzène  in  needles  which 
retain  the  solvent  with  great  tenacity,  and,  if  previously  heated  for 
some  time  at  80°  to  remove  benzène  of  crystallisation,  it  melts  at  189^^, 
evolving  gas  (Duden  and  Pritzkow  give  185°).  A  solution  containing 
04823  gram  in  25  ce.  of  chloroform  gave  an  -58'  in  a  2-dcm.  tube, 
whence  [a]^  -  20-0°. 

The  two  isomerides  thus  revealed  behave  alike  towards  ammoniacal 
silver  nitrate  and  Fehling's  solutions,  and  a  very  close  examination  is 
required  to  disclose  différences  in  their  solubility  relations.  Moreover, 
camphorylmethylcarbamide  resembles  the^^seM^/o-modification  in  its  in- 
différence towards  nitrous  acid  and  by  its  failure  to  yield  an  oxime  ;  the 
changes  occurring  in  the  colour  of  a  solution  in  concentrated  sulphuric 
acid  correspond  exactly  with  those  displayed  by  the  isomeride. 

It  bas  been  mentioned  that  dilute  sodium  hydroxide  transforms  the 
camphorylcarbamide  described  by  Rupe  into  the  isomeric  substance 
prepared  by  us,  and  we  find  that  the  two  camphorylmethylcarbamides 
are  related  in  the  same  fashion.  One  gram  of  Duden  and  Pritzkow's 
carbamide  (m.  p.  189°)  was  suspended  in  10  per  cent,  sodium  hydr- 
oxide, and  shaken  from  time  to  time  during  4  days  ;  the  product  was 
then  filtered,  washed,  and  recrystallised  from  benzène,  when  it  melted 
at  200°. 

CTT'N'CO 

CamphorylcarUmide  {Camphoryl  i^oCyanate),  CgH^^-e^  i  *    *    . 

Twenty-five  grams  of  Rupe's  camphorylcarbamide  were  treated  with 
nitrous  acid  under  the  conditions  described  for  the  préparation  of 
camphorylnitroso-i/'-carbamide  ;  brisk  évolution  of  nitrogen  took  place, 
and  addition  of  nitrite  was  continued  until  nitric  oxide  was  liberated, 
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a  white  precipitate  separating  gradually.  After  an  interval,  this  was 
filtered,  washed,  and  dried  in  the  desiccator,  Some  difficulty  was 
experienced  in  purifying  the  compound,  because  it  is  very  freely 
soluble  in  organic  média,  and  very  sensitive  to  the  action  of  water. 
Bornylcarbimide  can  be  distilled  in  steam  without  undergoing  con- 
version into  dibornylcarbamide  to  an  extent  greater  than  10  per  cent., 
but  camphoi-ylcarbimide,  although  readily  volatile,  changes  quickly 
into  dicamphorylcarbamide  when  treated  with  boiling  water.  Moie- 
over,  when  the  substance  is  warmed  with  alcohol,  a  very  vigorous 
action  takes  place,  but  by  dissolving  it  in  cold  absolute  alcohol,  dilut- 
iug  this  with  water,  and  filtering  without  delay  the  crystals  which 
separate  during  the  next  few  minutes,  the  carbimide  may  be  obtained 
in  silky,  white  needles  melting  at  77°. 

0-1782  gave  0-4458  CO2  and  0-1255  HgO.     C  =  68-22;  H  =  7-87. 
CuïïisOgN  requires  C  =  68-39  ;  H  =  7-77  per  cent. 

A  solution  containing  0-4745  gram  in  25  ce.  of  chloroform  gave 
ttjj   -  4°5r  in  a  2-dcm.  tube,  whence  [ajo  -  124-5°. 

The  carbimide  may  be  obtained  aiso  by  warming  freshly  prepared 
moist  camphorylnitroso-^/'-carbamide  with  water,  and  even  direct  from 
the  /*s8M(/o-carbamide  by  the  action  of  nitrous  acid  if  the  opération  is 
conducted  without  a  libéral  supply  of  ice.  An  attempt  to  prépare  a 
nitroso-derivative  of  the  oxime  obtainable  from  the  isomeric  camphoryl- 
carbamides  also  gave  rise  to  the  carbimide.  The  oxime  suspended 
in  dilute  hydrochloric  acid  was  cooled  with  ice,  and  treated  with  its 
own  weight  of  solid  nitrite,  which  immediately  developed  a  bright 
blue  coloration  ;  this  is  doubtless  due  to  an  unstable  nitroso-derivative, 
because  the  filtrate  from  camphorylcarbimide  quickly  became  turbid, 
lest  its  colour,  and  deposited  a  further  quantity  of  the  îsocyanate, 
which  is  easily  recognised  by  the  intense,  stupefying  odour  perceptible 
on  warming  the  substance  with  water. 

Camphorylcarbimide  reacts  most  vigorously  with  organic  bases, 
usually  forming  well-defined  carbamides  ;  in  the  case  of  aniline  and 
phenylhydrazine,  however,  although  action  undoubtedly  occurs,  we 
hâve  not  succeeded  in  isolating  a  crystalline  product. 


s-Camphori/ljn2Jerid)/lcarba7)i{de,   CO\-v-TT.p^'' 


H,.0- 


Piperidine  (1  mol.)  diluted  with  benzène  was  added  to  a  solution  of 
camphorylcarbimide  in  the  same  solvent,  when  beat  was  developed, 
and  crystals  began  to  separate  almost  immediately.  After  2  days  the 
product  was  drained,  recrystallised  from  dilute  alcohol,  and  then  from 
benzène,    which    deposited    lustrons,   transparent    needles,    exceeding 

K  2 
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2  cm.  in  length  ;  when  freshly  withdrawn  from  tlie  mother  liquor, 
thèse  melted  at  181°,  but  after  exposure  to  air  during  24  hours  they 
becarae  opaque,  and  melted  at  186°. 

0-14.38  gave  0-3642  CO.^  and  0-1230  HgO.     0  =  69-08;  H  =  9-50. 
C,pH2P,0._,N,  requires  C  =  69-05  ;  H  =  9-35  per  cent. 

A  solution  containing  0  4000  gram  in  25  ce.  of  chloroform  gave 
ajj  1°17'  in  a  2-dcm.  tube,  whence  [aj^  40-1°.  The  compound  is  in- 
soluble in  boiling  water,  and  sparingly  soluble  in  boiling  light  petroleum, 
but  it  dissolves  readily  in  alcohol,  acétone,  ethyl  acétate,  chloroform, 
and  hot  benzène. 

&-Camphorylhormjlcarhamide,  CO<^-^-rT. /-,^'^tt^ "^n- 

Bornylamine  (1  mol.)  dissolved  in  benzène  was  added  to  camphoryl- 
carbimide  in  the  same  solvent.  Considérable  development  of  beat 
occurred,  but  no  crystals  separated  until  light  petroleum  was  added, 
precipitating  minute,  colourless  granules.  On  redissolving  in  benzène, 
and  adding  petroleum  \intil  the  liquid  became  turbid,  lustrons,  white 
needles  separated  slowly.  The  derivative  melts  and  décomposes  at 
305°. 

0-1457  gave  0-3880  COo  and  0-1318  ÏÏ2O.     0  =  72-62;  H  =10-05. 
021113^02^2  requires  0  =  72-83  ;  H  =  9-83  per  cent. 

A  solution  containing  0-2987  gram  dissolved  in  25  ce.  of  chloroform 
gave  au  41',  whence  [ajo  =28-6°.  The  carbamide  is  slightly  soluble 
in  boiling  light  petroleum,  but  the  crystals  which  separate  are  in- 
demnité ;  it  dissolves  readily  in  benzène,  ethyl  acétate,  alcohol,  and 
hot  acétone,  crystallising  from  the  last  named  in  aggregates  of 
prismatic  needles. 

^-Dicamphorylcarbamide,  00(NH'0j,^Hi^O)o. 

Oamphorylcarbimide  was  suspended  in  water  and  heated  in  a  reflux 
apparatus  until  the  penetrating  odour  characteristic  of  the  substance 
was  no  longer  perceptible  ;  the  product  was  filtered,  and  crystallised 
from  dilute  alcohol,  which  deposited  aggregates  of  lustrons  needles 
melting  at  261°. 

0-1157  gave  0-2952  CO2  and  0-0924  HgO.     0  =  69-54;  H  =  8-87. 
C21H32O3N2  requires  0  =  70-00  ;  H  =  8-88  per  cent. 

A  solution  containing  0-5020  gram  dissolved  in  25  ce  of  chloroform 
gave  od  1°32'  in  a  2-dcm.  tube,  whence  [a]n  =38-2°.  It  is  insoluble 
in   boiling   water,  and   sparingly  soluble   in   boiling   light  petroleum, 
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f rom  which  it  crystallises  in  silky  needles  on  cooling  ;  acétone,  etliyl 
acétate,  alcohol,  and  chloroform  dissolve  it  freely,  whilst  benzène  dis- 
solves it  readily  when  hot,  a  felted  mass  of  needles  being  deposited  on 
cooling. 

Methyl  Camphorylcarbamate  (  Cainpliorylmethylurethanè), 

Five  grams  of  camphorylcarbimide  were  dissolved  in  20  ce.  of  pure 
methyl  alcohol,  and  allowed  to  remain  several  weeks  in  the  desiccator  \ 
as  the  alcohol  evaporated,  a  transparent,  gummy  syrup  was  deposited, 
in  which  a  few  small  needles  were  embedded.  On  dissolving  this  pro- 
duct  in  alcohol,  and  adding  water  until  the  solution  became  turbid, 
dicamphorylcarbamide  was  precipitated,  but  the  filtrate  yielded  slender 
white  needles  of  the  methylurethane,  which  melts  at  108°  after  recrys- 
tallisation  from  petroleum. 

0-2040  gave  0-4779  COg  and  0-1566  HoO.     C  =  6389  ;  H  =  8-53. 
C12H19O3N  requires  0  =  64-00  ;"  H  =  8-44  per  cent. 

A  solution  containing  02636  gram  dissolved  in  25  ce.  of  chloroform 
gave  tti,  55'  in  a  2-dcm.  tube,  whence  \_o.\,  43-5°. 

Etliyl  Cam'plioryharlamate,  C^'^-NTTT^n^- 

The  ethylurethane,  prepared  as  in  the  case  of  the  foregoing  sub- 
stance, separated  from  the  dilute  alcoholic  filtrate  in  large,  transparent 
prisms  melting  at  88°. 

0-1714  gave  0-4102  CO2  and  0-1413  H^O.     0  =  65-27;  H  =  918. 
CigHgiOglSr  requires  0  =  65-27;  H  =  8-78  per  cent. 

A  solution  containing  0-5262  gram  in  25  ce  of  chloroform  gave 
tto  1°38'  in  a  2-dcm.  tube,  whence  \_a.\,  =38-3°.  Both  urethanes  are 
readily  soluble  in  organic  média,  excepting  light  petroleum,  and  dis- 
play  a  marked  tendency  to  remain  superfused. 

Royal  Collège  of  Science,  London, 
South  Kensington,  S.W. 


122   PATTERSON  AND  TAYLOR  :  INFLUENCE  OF  SOLVENTS  ON  THE 


XVII. — The  Influence  of  Solvents  on  the  Rotation  of 
Optically  Active  Compounds.  Part  VIL  Solution- 
volume  and  Rotation  of  Menthol  and  Menthyl 
Tartrates. 

By  Thomas  Stewakt  Patterson  and  Feancis  Taylor,  B.Sc. 

In  a  récent  paper  (this  vol.,  p.  33)  we  hâve  described  the  pi'eparation 
of  Z-menthyl  cZ-tartrate  and  its  diacetyl  derivative,  and  hâve  given  an 
account  of  the  optical  behaviour  of  thèse  substances  as  well  as  of 
naenthol.  It  seemed  worth  while  to  examine  them  in  solution  also  in 
order  to  ascertain  whether  a  relationship  between  solution-volume  and 
rotation  similar  to  that  which  has  been  shown  to  exist  in  the  case  of 
ethyl  tartrate  (Patterson,  Trans.,  1901,  79,  191,  484  ;  1902,  81,  1107  ; 
1904,  85,  1153)  could  be  ti^aced.  The  présent  communication  records 
the  results  obtained  for  ethyl  alcohol,  benzène,  and  nitrobenzene. 

Tvvo  or  three  solutions  were  made  up  in  each  case  and  their  rota- 
tions and  densities  determined  at  several  températures. 

The  influence  of  température-change  on  the  rotation  of  the  dissolved 
substance  is  given  directly  by  the  expérimental  figures,  which  are 
collected  at  the  end  of  the  paper,  whilst  by  interpolation  :  (1)  the 
molecular  rotation  at  20°,  (2)  the  molecular-solution-volume  at 
20°  of  the  dissolved  substance  for  each  concentration  examined  may 
be  deduced,  and  from  thèse  in  turn  (3)  an  approximate  value  of 
the  molecular  rotation  at  20°  at  infinité  dilution,  and  (4)  an  analogous 
value  for  the  molecular-solution-volume  may  be  obtained. 

Thèse  interpolated  data  are  reproduced  below,  the  constants  for  the 
respective  homogeneous  substances  being  given  in  the  tables,  so  that 
the  influence  of  concentration-change  may  be  examined  in  each  case. 

The  figures  for  the  percentage  composition  of  the  solutions  hâve 
been  rounded  off  in  the  text. 

Menthol. — The  molecular  rotation  of  fused  menthol,  which  has  a 
value  of  about  -  7 7  "22°  at  20°,  increases  slightly  with  rise  of  tempéra- 
ture to  reach  a  maximum  of  —  77'94°  at  58*5°,  and  then  diminishes 
again  to  -  77-24°  at  100°. 


Menthol  in  Ethyl 

Alcohol 

p* 

[M]f. 

Volume  20=.                                    , 

0  0 

-77-70° 

172  3  ce. 

1-6 

77-69 

172-3     „ 

8-3 

77-69 

172-6     „ 

)0  0 

77-22 

173-26  ,, 

„.. .  : ..^    . 
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Solution  in  aleohol  bas  little  eiîect  on  thé  rotation  of  menthol,  but 
a  slight  increase  is  produced.  In  agreement  witli  this,  there  is  only  a 
small  change  in  volume  ;  a  contraction  of  096  ce.  corresponds 
with  an  increase  of  0'48°  in  moîecular  rotation. 

The  figures  on  p.  130  show  that  in  both  the  solutions  examined 
there  is,  with  rise  of  température  from  10°  to  50°,  a  slight  but  distinct 
increase  of  rotation  amounting  to  about  0-3°.  The  behaviour  is 
therefore  in  this  respect  similar  to  that  of  the  homogeneous  substance. 

Menthol  in  Benzène. 
p.  [M]J.  Vohime2o°. 

0-0  -70-4°  179-84  ce. 

1-46  70-6  179-8     ,, 

7-50  71-8  178-0     „ 

100-0  77-22  173-26   ,, 

From  thèse  data,  it  appears  that  whilst  the  rotation  of  solutions  of 
menthol  in  benzène  diminishes  with  increasing  dilution,  the  volume  of 
the  dissolved  substance  increases.  The  behaviour  is  thus  the  opposite 
in  both  respects  to  that  found  for  alcoholic  solutions.  A  diminution 
in  rotation  of  6-82°  cori-esponds  with  an  increase  of  volume  of 
6-58  ce. 

In  both  solutions  examined,  the  rotation  is  practically  insensitive  to 
température-change. 

Menthol  in  Nitrohenzene. 


V' 

[M]f. 

Volume  2"°. 

0-0 

-73-60° 

176-5  ce. 

1-5 

73-60 

176-5     „ 

2-1 

73-40 

176-0     „ 

6-7 

73-35 

175-7    „ 

30-5 

73-70 

174-6    „ 

100-0 

77-22 

173-26  „ 

Nitrohenzene  as  a  solvent  bas,  like  benzène,  the  gênerai  effeet  of 
lowering  the  rotation  of  menthol.  The  dépression,  however,  is  not 
directly  proportional  to  the  concentration,  since  a  minimum  rotation  of 

-  73-28°  apparently  occurs  about  p  =  10.  Further  dilution  below  this 
concentration  brings  about  a  slight  increase  in  rotation  to  the  value 

-  73-6°  at  infinité  dilution.  The  total  change  in  rotation  in  passing 
from  the  homogeneous  substance  to  infinité  dilution  is  thus  3-62°  and  is 
accompanied,  again  as  in  benzène,  by  an  increase  in  volume  of 
3-24  ce 

Whereas,  however,  the  rotations  of  alcoholic  solutions  increase  with 
rise  of  température  and  those  of  benzène  solutions  are  constant,  the 
rotations  of  nitrohenzene  solutions  diminish  fairly  rapidly,  a  behaviour 
which  is  thus  opposed  also  to  that  of  fused  menthol. 


124   PATTERSON  AND  TAYLOR  :  INFLUENCE  OF  SOLVENTS  ON  THE 

So  far,  tlierefore,  as  volume-change  and  rotation-change  due  to 
solution  are  concerned,  the  behaviour  of  menthol  in  thèse  three  solvents 
is  consistent  and  tends  strongly  to  support  the  suggestion  that  the 
two  phenomena  are  closely  related  to  each  other.  In  the  foUowing 
table,  the  values  of  thèse  changes  are  contrasted. 

Rotation-  and   Volume-change  of  Menthol. 

Total  rotation-change  Total  volume-change 

Sol  vent.                   due  to  solution.  due  to  solution. 

Ethyl  alcohol +0-48°  -0-96  ce. 

Nitrobenzene  -3-62  -I-3-24    ,, 

Benzène    -6-82  -f6'58   ,, 

A  contraction  of  0"96  ce.  in  the  menthol  molécule  on  solution  in 
alcohol  produces  an  increase  of  rotation  of  0-48°  ;  an  expansion  of 
3*24  ce.  on  solution  in  nitrobenzene  is  accompanied  by  a  diminution 
in  rotation  of  3 '6 2°,  whilst  the  greater  expansion  of  6 "5 8  ce  in  benzène 
is  accompanied  by  the  greater  diminution  in  rotation  of  6 '82°,  a  rela- 
tion ship  vs^hich  is  almost  linear. 

l-Menthyl  à-Tartrate. — The  molecular  rotation  of  the  homogeneous 
compound  varies  fairly  rapidly  with  température,  having  the  values 
-  288°  at  0°,  -  284°  at  20°,  and  -  264-5°  at  100°- 

\-Menthyl  à-Tartrate  in  Ethyl  Alcohol. 
p.     '  [M]f.  Volume  20°. 


0-0 

-306-7° 

395-0  ce. 

1-22 

306-2 

395-8     „ 

6-7 

306-1 

397-7     „ 

7-9 

304-2 

398-3     „ 

0-0 

284-0 

402-0     „* 

The  relationship  betw^een  rotation-  and  solution-volume  is  in  this 
instance  of  a  similar  character  to  that  observed  for  menthol  in  alcohol, 
but  the  changes  are  considerably  greater.  The  rotation  increases  by 
22'7°,  whilst  the  volume  diminishes  by  7  ce  The  influence  of 
température-change  on  the  substance  in  solution  is  much  the  same  as 
on  the  homogeneous  ester. 

\-Menthyl  à-Tartrate  in  Benzène. 


p- 

[M]f. 

Volume  20°. 

0  0 

-296-5° 

407-0  ce 

1-64 

296-1 

406-6     „ 

7-42 

292-7 

409-5     ,, 

100-0 

284-0 

402-0     ,,  * 

*  As  this  substance  is  very  viscid,  its  density  could  not  be  determined  directly  at 
low  températures,  and  had  tlierefore  to  be  found  by  extrapolation  througli  nearly 
-100°.     The  value  for  the  molecular  volume  is  therefore  liable  to  some  error. 
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Benzène  as  a  solvent  brings  about  an  increase  in  the  rotation  of 
menthyl  tartrate,  but  this  increase  is  accompanied  by  a  slight  expan- 
sion of  the  molécule,  instead  of  a  contraction  as  might  be  expected 
from  the  preceding  results.  The  increase  of  rotation  amounts  to  12-5° 
and  the  expansion  to  about  5  ce,  but  this  last  number,  owing  to  there 
being  a  considérable  discrepancy  between  the  two  expérimental  values 
for  molecular-solution-volume  (406-6  and  409-5  ce),  is  somewhat 
uncertain. 

The  rotation  of  the    ester    diminishes   with   rise    of    température 

in   this    solvent    also,    which    is   the    same    as    for   the    homogeueous 

compound. 

\-Menthyl  d-Tartrate  in  Nitrohenzene. 

p.  [M]2o°.  Volume  2"^ 

0-0  -245-0°  408-8  ce. 

1-42  245-3  408-8     ,, 

6-49  246-3  408-2     „ 

100-0  284-0  402-0     ,,   * 

Solution  in  nitrohenzene  causes  a  considérable  diminution,  39°, 
in  the  rotation  of  menthyl  tartrate,  whilst  at  the  same  time  an 
expansion  of  about  6-8  ce.  takes  place  in  the  molécule. 

It  is  noticeable  also  that  whilst  in  alcohol  and  benzène  the  rotation 
of  menthyl  tartrate  diminishes  with  rise  of  température,  it  increases  in 
nitrohenzene.  In  a  solution  of  /)  =  6-9,  this  increase  amounts  to  about 
3°  between  10°  and  60°. 

Comparing  now  thèse  rotation-  and  volume-changes,  the  following 
table  is  obtained  : 

Rotation-  and   Volume-change  of  l-Menthyl  à-Tartrate. 

Total  rotatiou-cliaiige  Total  volume-change 
Solvent.  due  to  solution.         due  to  solution. 

Ethylalcohol   4-22-7°  ^7'Oc.c. 

Benzène +12-5  +5-0    ,, 

Nitrohenzene    •  -39  0  +6-8    „ 

The  numbers  for  alcohol  and  nitrohenzene,  it  will  be  seen,  are  con- 
sistent ;  a  contraction  of  7  ce.  in  the  former  solvent  is  attended  by  an 
increase  in  rotation  of  22-7°,  whilst  in  the  latter  an  expansion  of 
6-8  ce  accompanies  a  diminvition  of  39°  in  rotation.  Benzène,  how- 
ever,  although  in  both  respects  intermediate  between  the  other  two 
solvents,  is  not  in  close  agreement.  Judging  by  the  rotation-change,  a 
contraction  of  between  3  and  4  ce  would  hâve  been  expected  instead  of 
the  expansion  actually  found. 

l-Menthyl    Diacetyl-à-tarirate.— The    rotation   of    the   homogeneous 

*  See  note  on  page  124. 
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ester  diminishes  f air ly  i-apidly  on  heating.     It  bas   the  value  -  268-7^ 
at  0°,  -  256-5°  at  20°,  and  -  227-5°  at  100°. 


\-Menthyl  Diacetyl-à-tartrate  in  Ethyl  Alcohol. 
p.  [M]2"°.  Volume  20°. 


0-0 

-268-5° 

478-0  ce 

1-8 

268-8 

478-7    ,, 

7-3 

267-7 

480-0     ,, 

)0-0 

256-5 

486-6     „ 

Solution  in  alcohol  thus  causes  an  increase  of  12°  in  the  rotation  of 
menthyl  diacetyltartrate,  whilst  at  the  same  time  a  contraction  of 
8-6  ce.  occurs  in  the  molécule. 

The  rotation  diminishes  fairly  rapidly  with  rise  of  température. 

\-Mentliyl  Diacetyl-à-tartrate  in  Benzène. 


p. 

[M]^. 

Volume  20° 

0-0 

-286-5" 

481-6  ce 

1-5 

286-0 

481-8     „ 

7-8 

284-2 

482-5     „ 

100-0 

256-5 

486-6     ,, 

A  considérable  increase  in  rotation,  30°,  takes  place  in  tbis  case 
also.  Corresponding  with  it,  however,  there  is  only  a  small  volume- 
change  of  5  ce. 

The  rotation  diminishes  with  rise  of  température,  much  as  in  the 
fused  ester. 

l-Menthyl  Diacetyl-à-tartrate  in  Nitrohenzene. 


p- 

[M  If. 

Volura 

3'-^0° 

0-0 

-239-0° 

483-5 

ce 

1-53 

238-5 

484-0 

,, 

6-27 

237-8 

483  0 

100-0 

256-5 

486-6 

,, 

Nitrohenzene  as  a  solvent,  unlike  benzène  and  alcohol,  causes  a  con- 
sidérable diminution,  of  17*5°,  in  the  rotation  of  menthyl  diacetyl- 
tartrate. There  is,  however,  only  a  very  slight  volume  change,  and 
the  above  numbers  are  scarcely  sufficient  to  enable  one  to  décide 
definitely  whether  this  change  is  an  expansion  or  contraction.  On  the 
one  hand,  the  value  for  the  molecular  volume,  486-6  ce,  is  somewhat 
uncertain,  whilst  on  the  other,  since  the  value  found  for  the  volume  in 
1-53  per  cent,  solution  is  greater  than  that  in  6-27  per  cent,  solution, 

*  This  -v^alue  is  also  somewhat  uncertain,  beeause  the  deusity  used  in  its  ealcu- 
lation  was  obtained  by  extrapolation  through  a  considérable  range  of  température. 
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the  value  at  infinité  dilution  may  perhaps  be  greater  than  483  5  ce. 
It  is,  therefore,  only  cei'tain  that  the  volume-change  is  very  small. 

The  rotation  in  this  case  also  diminishes  on  heating,  much  as  in  the 
homogeneous  ester.  It  may  be  noticed,  too,  that  a  concentration  of 
minimum  rotation  possibly  exists  at  about  ^  =  10. 

On  comparing  the  values  of  the  rotation-  and  volume-changes  for 
menthyl  diacetyltartrate,  we  obtain  the  following  table  : 

Rotation-  and  Volume-change  of  \-Menthyl  Diaceljl-à-tartrate. 

Total  rotation  change      Total  volume  change 
Solveut.  due  to  solution.  due  to  solution. 

Alcohol +12-0°  -8-6  ce. 

Benzène +30-0  «  -5-0   ,, 

Nitrobenzene -17'5  -3-1   ,, 

In  this  instance,  whilst  the  rotation  changes  are  fairly  large,  the 
volume-changes  are  small,  and  the  relationship  between  the  variables 
is  not  so  satisfactory  as  in  the  other  two  cases.  Thus,  although  the 
molecular  contraction  in  benzène  is  less  than  in  alcohol,  the  rotational 
change  is  greater,  and  although  the  diminution  in  rotation  due  to 
solution  in  nitrobenzene  ought,  judging  by  analogy,  to  be  accompanied 
by  an  expansion  of  the  molécule,  very  little  change,  and  that 
apparently  a  contraction,  occurs,  but,  as  has  already  been  mentioned, 
the  volume-change  in  the  last  case  is  rather  uncertain. 

We  consider  that,  on  the  whole,  thèse  results  help  to  confirm  the 
suggestion  that  rotation  in  solution  and  molecular-solution-volume  are 
closely  related  phenomena.  For  menthol,  the  facts  are  in  complète 
agreement  with  theory.  With  menthyl  tartrate,  the  results  for 
alcohol  and  nitrobenzene  are  in  close  agreement,  although  the 
relationship  between  the  two  variables  in  benzène  is  anomalous, 
Difiiculties  are  met  with  for  menthyl  diacetyltartrate  also,  but 
hère,  as  has  been  pointed  out,  although  in  alcohol  and  benzène  the 
relationship  is  not  a  quantitative  one,  it  is  in  agreement  with  theory, 
in  so  far  as,  in  both  cases,  contraction  brings  about  increased  rotation. 
Thus,  out  of  the  nine  examples  studied,  contraction  produces  increased 
rotation  in  four  instances,  expansion  causes  diminished  rotation  in 
three  instances,  contraction  accompanies  diminished  rotation  in  one 
case,  whilst  expansion  accompanies  increased  rotation  in  another. 
Thus,  out  of  nine  observations,  seven  are  in  accord  with  the  theory,  and 
of  the  two  exceptions  one  at  least  is  somewhat  doubtful. 

Attention  may  be  directed  to  two  further  points  illustrated  by  the 
data  obtained  in  this  investigation.  In  the  table  below,  numbers  are 
given  showing  the  sensitiveness  of  the  rotations  of  the  active  com- 
pounds  examined,  to  change  of  volume. 
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Substance. 

Menthol 

Z-Menthyl  fZ-tartrate    

Z-Menthyl  diacetyl-f?-tartrate 


Total 

variation  of 

rotation. 

7-3° 

617 

47-5 


Total 
variation  of 

volume. 

7'54  c.c. 
13-8      ,, 

Ô-5     ,, 


Variation  of 
rotation  due 
to  1  per 
Molecular  cent,  volume- 
volume,  change. 
173-3  ce.  l-T" 
402-0   „            18-0 
486-6    ,,             42 -G 


An  example  will  show  how  tbese  numbers  are  obtained.  Solution 
in  alcohol  increases  the  rotation  of  menthyl  tartrate  by  22-7°,  whilst 
benzène  diminishes  the  rotation  by  39°.  The  total  range  ia  therefore 
61-7°.  Similarly,  the  total  range  of  volume  is  13-8  ce,  the  molecular 
volume  being  402  c.c.  A  contraction  of  1  per  cent.,  that  is,  of  4*02  ce, 
occasions  a  rotation  change  of  18°.  From  the  last  column  in  the  table, 
it  will  be  seen  that  the  sensitiveness  increases  greatly  with  increase 
in  the  size  of  the  molécule.  The  larger  the  molécule,  the  greater  is 
the  efEect  produced  on  its  rotation  by  a  given  percentage  volume 
change. 

In  conclusion,  the  following  table  gives  a  survey  of  the  rotation 
values  obtained  : 

[M]f. 


At  infinité  dilution  in 


Menthol . 
Z-Menthyl  fZ-tartrate 


Homogeneous.     Alcohol. 

-77-22°  -77-7° 

284-0  306-7 


Benzène.     Nitrobenzene 
-70-4°  -73-6° 

296-5  245-0 


Z-Menthyl  diacetyl-fZ- tartrate        256-5 


268-5 


286-5 


239-0 


The  number.s  show  that  the  relationship  amongst  the  rotation  values 
for  a  given  set  of  related  active  compounds  is  not  constant,  even  when 
ail  are  subjected  to  what  one  might  expect  to  be  similar  conditions, 
Thus,  the  ratio  of  the  above  numbers  for  alcohol  is  différent  from  that 
for  the  homogeneous  condition,  whilst  both  in  turn  differ  from  the 
ratios  obtained  in  benzène  and  nitrobenzene. 

It  is  thus  clear  that  any  comparison  of  rotation  data  which  hâve 
been  determined  in  différent  solvents  is  apt  to  be  very  misleading,  and 
that  even  data  determined  under  the  same  conditions,  as  in  the  présent 
investigation,  hâve  only  a  spécial,  and  but  little  gênerai,  value.  The 
results  hitherto  obtained,  however,  seem  to  indicate  that  for  any  given 
active  substance  it  may  be  possible  to  obtain  an  expression  Connecting 
the  rotation  in  solution  with  that  in  the  homogeneous  condition  by 
taking  the  volume-change  into  account. 

Thus  we  hâve  for  menthol,  from  some  of  the  results  described  in 
this  paper  (p.   124),  the  expression  : 


m: 


rMfVomog.)  +  0-97°  dv, 
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■where  dv  is  the  change  of  volume  for  a  particular  sol  vent  and  0*97°  * 
is  the  average  increase  in  rotation  for  unit  altération  in  volume.  From 
this  formula,  we  obtain  the  following  numbers  : 

[M]|"°  sohition 


Solvent.                              dv.  Calculated.  Found. 

Alcohol     -0-96  ce.  -78-1°  -77-7° 

Beuzene    +6-58    ,,  70-8  70-4 

Nitrobenzene   +3-24    ,,  74-1  73-6 

The  calculated  and  expérimental  values  are  thus  in  fair  agreement, 
and,  although  expressions  giving  equally  good  results  cannot  be 
established  for  the  other  compounds  examined,  we  hope  that  future 
investigation  will  resuit  in  the  explanation  of  existing  anomalies  and 
the  discovery  of  f  urther  regularities. 


Expérimental  Data. 
Menthol  in  Benzène. 
1-45555.     Density  of  benzène  =  0-878918  at  2074°. 


t. 

a'^'  (400  mm.). 

Density. 

[«]';• 

[M]';. 

9-r 

-2-343° 

0-8914 

-45-15° 

-70-43= 

17-0 

2-301 

0-8819 

44-83 

69-93 

23  0 

2-323 

0-8755 

45-57 

71-09 

32-6 

2-287 

0-8653 

45-39 

70-81 

Densities  Determined  : 

Temperatiu-e    1796°  20°  25-07°  30-5° 

Density    0-88092        0-878752^'    0-87336  0-8676 

*  The  values  niarked  thus  hâve  been  obtained  by  interpolation  fiom   the  other 
data  given. 

«  =  7-49708. 


'-     < 

(400  mm.). 

Density. 

i< 

w:- 

7-1° 
17-6 
28-0 
34-2 

-12-339° 
12-124 
11-931 
11-926 

0-8916 
0-8811 
0-8709 
0-8646 

-46-15° 
45-89 
45-69 
45-99 

-71-99° 
71-59 
71-28 
71-73 

Densities  Determined 

Température 
Density    

::::.'.::.'•: 

17-45°              20°              25-7° 
0-88130        0-878719  *    0-87295 

32-05° 
0-86632 

*  This  vahie  is  obtained  by  dividing  the  total  range  of  rotation  (7-3°)  by  tlie  total 
change  of  volume  (7-54  ce). 
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Menthol  in  Ethyl  Alcohol. 
p  =  1-5749.     Density  of  alcohol  =  0-790801  at  2074°. 


t. 

a^  (400  mm.). 

Deusity. 

K- 

[M]^'. 

120° 

-2-500° 

0-7992 

-49-66° 

-77-47° 

190 

2-490 

0-7932 

49-83 

77-74 

27-9 

2-470 

0-7856 

49-91 

77-86 

Densities  Determined . 


mperature 

18-15° 
0-79397         0 

20°               23-87° 
792386*     0-78908 

29-06° 

nsity    

0-78460 

26794. 

t.             a^ 

(400  mm.) 

Density. 

[«]':- 

[M]^. 

12-0° 

-13-243° 

0-8058 

-49-69° 

-77-51° 

17-6 

13-167 

0-8011 

49-70 

77-53 

18-1 

13-173 

0-8006 

49-78 

77-66 

29-7 

13-065 

0-7909 

49-95 

77-92 

41-6 

12-985 

0-7807 

50-29 

78-46 

46-9 

12-888 

0  7762 

50-21 

78-33 

iJensities  Determined  : 


Température  ...         18-32° 
Density  0  80049 


20° 
0-799072 


23-71°         -29-47° 
0-79595      0-79104 


35-17° 
0-78617 


Menthol  in  Nitrobenzene. 
2^  =  1  -4539.     Density  of  nitrobenzene  =  1  -20353  at  2074= 


t. 

t'I  (400  mm.). 

Density. 

i<- 

[M]î;. 

22-5° 

-3-272° 

1-1947 

-47-09° 

-73-46' 

32-9 

3-2-23 

1-1839 

46-80 

73-00 

Densities  Determined . 


Température    . 

19-25° 
1-19796 

20'               28-9.3°             43-2° 

Deusity    

1-19723»       1-1885           1-1745 

2-05718. 

8-5° 
24  0 
39  0 

(400  mm.). 
-4-728° 

4-595 

4-472 

Density. 
1  -2063 
1-1909 
1-1760 

-47-63°           -74-30° 
46-89                73-14 
46-21                72-08 
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Densities  Detev 

Temy)erature    19-6° 

Density    1-19152 


20° 
1-19474 


31-7°     41-7° 
1-18324   1-17352 


6-6542. 

t. 

9-8° 
25-3 
46-4 
67-2 

78-7 


*^  (400  mm. 

-14-950° 
14-532 
14-180 
13-790 
13-607 


Density. 
1-1855 
1-1706 
1-1503 
1-1301 
1-1198 


47-3 


-73-89° 
72-74 
72-21 
71-51 
71-22 


Densities  Determined  : 


Tempei  attire    17-05° 

Density    1-17858 


20° 
1-17573 


24-4-2° 
1-17142 


47-15° 
1-1495 


30-4894. 


t. 


19  1° 
22-7 
25-3 
29-7 


(100  mm.) 

-15-715° 
15-60 
15-52 
15-42 


Density. 
10892 
1  -0859 
1-0834 
1-0795 


47-30° 
47-10 

46-98 
46-84 


-73-78° 
73-47 
73-28 
73-06 


Température 
Density 


Densities  Determined 


19-6° 
1-0888 


20° 

1-08848 


31-6° 
1-0777 


41-2° 
1-0690 


54-1° 
1-0571 


\-Menthyl  d-Tartrate  in  Ethyl  Alcohol. 
^=1-2119.     Density  of  alcohol  =  0-790801  at  2074°. 

t.  <°(400mm.).         Density.  [a]'°.  [i[]«^ 


12-0° 
•22-5 

-2-835° 
2-741 

0-8001 
0-7911 

-73-10° 
71-48 

-311-4° 
.304-5 

Densities  Determined  : 

Température    

Density    

17-74° 
...      0-795300 

20° 
0-793348  * 

26-33° 
0-787913 

;j  =  6-69547. 

t.              a 

J  (400  mm.). 

Density. 

i<- 

[M]'; 

12  •8° 
14-9 
25-5 
-28-1 
34-1 
36-4 
62-7 

-15-730° 
15-682 
15-285 
15-210 
15-030 
14-962 
14-150 

0-8110 
0-8094 
0-8002 
0-7980 
0-7927 
0-7907 
0-7679 

-72-42° 
72-34 
71-34 
71-18 
70-80 
70-65 
68-80 

-308-5° 
308-2 
303-9 
303-2 
301-6 
301-0 
293-1 
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Densities  Determined . 


Température    17 '64° 

Density 0'806938 


20° 
0-804914 


26-46°  42-24' 

0-799372       0-785674 


p  =  7-92984.     Density  of  alcohol  =  0-792198  at  2074°. 


t. 

9-7° 
19-1 
26-0 
33-9 


a*'^  (400  mm.). 

-18-743° 

18-367 

18-097 

17-77 


Density. 
08176 
0-8098 
0-8037 
0-7969 


72 -26'^ 
71-50 
70-98 
70-30 


-307-8° 
304 -.5 
302-3 
299-5 


Densities  Determined . 


Température    19-75° 

Density    0-80904 


20°  30-38° 

0-808828  *     0-79992 


41-6° 
0-79008 


\-Menthyl  à-Tartrate  in  Benzène. 
p  =  \  -63747.     Density  of  benzène  =  0-87869  at  2074°. 


t. 

<  (400  mm.).        Den.sity.               [«]«;. 

[M]';. 

10-5° 

-4-085°               0-8910             -70-00° 

-298-2° 

14-0 

4-055                0-8873                69-79 

297-3 

161 

4-039                 0-8850                 69-71 

297-0 

27-5 

3-952                 0-8733                 69-10 

294-4 

29-0 

3-938                0-8715                69-01 
Densities  Determined  : 

294  0 

Température 

19-82°             20°             27-7° 

39-75° 

Density    ... 

0-88121       0-881017*     0-87285 

0-86004 

7-41659. 

t. 

a'^  (400  mm.).         Density.                [aY°. 

[M]'; 

9-4° 

-18-552°               0-8992             -69-53° 

-296-2° 

17-3 

18-227                 0-8915                 68-92 

293-6 

25-8 

17-858                 0-8828                 68-17 

290-4 

33-3 

17-637                0-8753                67-90 

289-2 

37-2 

17-425                 0-8713                 67-41 
Densities  Determined  : 

287-2 

Température 

18-1°               20°               26  05° 

30-4° 

Den.sity    

0-89087        0-88893  *       0-88242 

0-87831 

\-Meihthyl  à-Tartrate  in  Nitrohenzene, 
2}  =  \  -42535.     Density  of  nitrobenzene  =  1-  20353  at  20°/4° 


t. 

a'J  (400  mm.). 

Density. 

{<• 

[M]';. 

16-7° 

-3-945° 

1-2040 

-57-46° 

-244-8° 

28-4 

3-932 

1-1927 

57-82 

246-3 

36-2 

3-923 

1-1850 

58-05 

247-3 
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Densities  Determined . 


Température 

18-51°               20°               27-6' 
1-20234         1-20088*     ri9345 

43-3' 

Density    

1-17809 

^^  =  6-48726. 

t.              a«; 

'  (4'.0  mm/ 

).         Density.               [a]«;. 

i^^y:- 

10-r 

18-4 
21-1 
51-9 
56-9 

-17-970° 
17-905 
17-875 
17-567 
17-532 

1-2014             -57-65° 
1-1935                57-81 
1-1908                57-84 
1-1609                58-28 
1-1560                58-41 

-245-6° 
246-2 
246-4 
248-3 
248-8 

Température 
Deusity    


Densities  Determined. 


19-3° 
1-19236 


20' 
1-19168  * 


30-25°  50-25° 

1-18176  1-16248 


l-Menthijl  Diacetijl-d-tartraie    in   Ethyl  Alcohol. 
p  =  1  -7888.     Density  of  alcohol  =  0-790801  at  2074°. 


t. 

a'I  (400  mm.). 

Density. 

K- 

[^^hî:- 

18-7° 

-3-007° 

0-7955 

-52-83' 

-269-4' 

21-6 

2-983 

0-7930 

52-57 

268-1 

29-6 

2-920 

0-7862 

51-91 

264-7 

41-3 

2-840 

0-7759 

51-16 

260-9 

Densities  Determined  : 


Tempei-atuie 
Density    

17-72° 

20' 

24- 

78^ 

40-66° 

0-79642        0- 

79446, 

5  *     0-79037 

0-77647 

:  7-26494. 

t.                     0 

t«;  (400  mm.; 

).         Density. 

^<- 

[M]^. 

13-0° 

-12-487° 

0-8117 

-52-94° 

-270  0° 

17-4 

12-369 

0-8080 

52-68 

268-7 

23-9 

12-175 

0-8024 

52-22 

266-3 

40-2 

11-684 

0-7883 

51-01 

260-1 

Densities  Determined. 


Température    16-63' 

Density     0-808676 


20' 
0-805775 


30-69' 
0-79657 


VOL.    LXXXVIL 


134 


ROTATION    OF    OPTICALLY    ACTIVE   COMPOUNDS. 


\-Menthyl  Diacetyl-à-tarlrat  e  in  Benzène. 
2?  =  1  -49569.     Density  of  benzène  =  0  878822  at  2074^ 
x^°  (400  mm.  ).         Den.-,ity.  [o]'J.  [M]^°. 


t. 

7-5°  -3-148°  0-8947 

16-0  3  013  0-8854 

26-0  2-875  0-8747 

41-2  2-687  0-8582 


58-80° 

-299-9° 

56-87 

290-0 

54-94 

280-2 

52-31 

266-8 

Température 
Density    


Detisities  Dttermined . 


22-6° 
0-87827 


•20°  33-46° 

0  881057  *     0-86676 


40- 
0-85 


;j  =  7-80199. 


t. 

a'J  (400  mm.). 

Density. 

K 

[M]^. 

8-0° 

-16-385° 

0-9032 

-58-12° 

-296-4 

17-9 

]5-640 

0-8930 

56-10 

286-1 

35  0 

14  5-22 

0-8749 

53-20 

271-3 

Température 
Density    ...  . 


Densities  Determined . 


20° 
0-8. '0537 


20-23° 
0-890276 


-29-05°      43° 
0-881188   0-86651 


\-Menthyl  Diacetyl-à-tartrate  in  Nitrohenzene. 
j}  =  1-52859.     Density  of  nitrobenzene  =  1-20353  at  2074° 

t.            a^°(400mm.).         Density.  {aj^.                 [M]^°. 

9-9°            -3-487°                12106  -47-12°            -240-3° 

17-0                 3-447                 1  2038  46-85                 238-9 

27-5                 3  390                 1-1935  46  46                 2369 

49-9                 3-270                 1-1721      _  45-62                 232-6 


Température 
Density    . . . . 


Densitits  Determined . 


19-28° 
1-20163 


20° 
1-20092 


30-45° 
1-19074 


39-2° 
1-18202 


6-26591. 

t. 
17-0° 
32-7 
44-7 
61-0 


o'J  (400  mm.). 

-  14-000° 
13-733 
13-490 
13140 


Density. 
1-1960 
1-1809 
1-1693 
1-1535 


■46-69° 
46-39 
46-02 
45-44 


-238-1° 
236-6 
234-7 
231-7 


Température 
Density     . . . . 


Densities  Determined . 


20° 
1-19307 


20-5° 
1-19259 


32  12°  45-77° 

1-18134  1-16815 
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XVIII. — A  Further    Analogy    hetiveen    the  Asymmetric 
Nitrogen  and  Carbon  Atoms. 

By  ÏÏUMPHEEY  OWEN  JONES. 

The  phenomena  brought  to  light  by  the  récent  investigations  on  the 
stereoisomerism  of  quinquevalent  nitrogen  compounds  are  remarkable 
and  perplexing  on  accoimt  of  their  apparently  contradictory  nature. 
The  existence  of  isomerism  in  compounds  of  the  type  Na.b.c.d,X, 
hitherto  established  definitely  by  Wedekind  for  one  compound  only, 
the  non-existence  of  isomerides  of  the  type  !N'a2b.c.X,  and  the 
existence  of  isomerides  of  the  type  Nagb.X,  observed  by  Kipping 
only  when  the  radicles  b  and  X  both  contain  an  asymmetric 
carbon  atom,  and  even  then  only  in  certain  cases,  are  facts  which  are 
extremely  difficult  to  reconcile  with  one  another,  and  hâve  rendered 
necessary  new  assumptions  as  to  the  structure  and  the  mode  of  forma- 
tion of  thèse  compounds  (compare  Kipping,  Trans.,  1903,  83,  937, 
1149  ;  Jones,  Trans.,  1903,  83,  1404,  and  B.A.  Report,  1904). 

In  thèse  circumstances,  any  further  definite  information  as  to  the 
behaviour  of  thèse  compounds,  and  particularly  as  to  the  similarity 
or  différence  between  their  behaviour  and  that  of  compounds  contain- 
ing  an  asymmetric  carbon  atom,  is  of  importance. 

The  analogy  between  asymmetric  carbon  and  nitrogen  compounds,  so 
far  as  optical  activity  is  concerned,  bas  now  been  established  for  a 
number  of  compounds  which  contain  the  phenyl,  benzyl,  and  methyl 
groups  with  a  variable  fourth  radicle  ;  thus,  the  allyl  compound  has 
been  resolved  (Pope  and  Peachey,  Trans.,  1899,  75,  1127),  also 
the  ethyl  (Jones,  Trans.,  1904,  85,  223),  the  wopropyl  and  isoamyl 
(Thomas  and  Jones,  Proc.  Camb.  Phil.  Soc,  1904,  13,  33),  and  the 
propyl  compound  (Wedekind,  private  communication). 

It  was  therefore  considered  of  interest  to  try  to  establish  a  further 
analogy  between  the  asymmetric  carbon  and  nitrogen  atoms  as  regards 
their  behaviour  during  the  synthesis  of  asymmetric  compounds.  It 
was  to  be  expected,  if  the  analogy  was  valid  in  this  case,  that,  when  a 
tertiary  aminé  in  which  one  of  the  groups  contained  an  asymmetric 
carbon  atom  combined  with  an  alkyl  igdide  so  as  to  make  the  nitrogen 

L   2 
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atom  asymmetric,  uneqiial  quantities  of  the  two  possible  isomerides 
would  be  produced,  which,  not  being  enantiomorphously  related,  might 
be  separated  by  oi^dinary  processes.  If  the  tertiary  aminé  were  in- 
active, then  four  compoimds  should  be  formed,  which  would  be 
enantiomorphously  related  in  pairs,  and  would  probably  combine  to 
form  two  externally  compensated  inactive  compounds  separable  by 
ordinary  means. 

The  two  compounds  which  could  be  produced  from  an  active  aminé 
might  be  conventionally  represented  by  plane  projections  of  the  space 
formulas,  thus  : 

abc  abc 

\\/  w/ 

c  0 

I  and  (  , 

R'— N— R"  R"— N— R' 


R'"     X  X       R" 

and  would  bear  to  one  another  a  relation  similar  to  that  of  the  a-  and 
/?-glucoheptonic  acids  or  the  two  a/3-dihydroxybutyric  acids. 

This  expectation  bas  been  realised,  and  it  bas  been  definitely  estab- 
lished  that  two  compounds  are  produced  when  an  active  tertiary  aminé 
combines  with  an  alkyl  iodide  to  form  an  asymmetric  nitrogen  com- 
pound  so  that  the  aualogy  with  carbon  is  valid.  The  two  compounds 
produced  are  called  respectively  a-  and  ^-compounds,  the  a-compound 
being  that  which  lias  a  rotation  of  the  same  sign  as  the  aminé.  There 
is  possibly  some  risk  of  confusion  arising,  since  Wedekind  bas  called 
the  two  phenylbenzylmethylallylammonium  compounds  a-  and  /?-,  but 
it  was  thought  that  the  following  considérations  justified  the  course 
adopted  ;  the  risk  of  confusion  is  small,  a-  and  /?-  best  indicate  the 
nature  of  the  isomerism  in  question,  and  the  analogy  between  this 
case  and  that  of  the  addition  of  hydrocyanic  acid  to  the  sugars  is  very 
close. 

Extending  the  analogy  between  carbon  and  nitrogen  atom  s  still 
further,  it  was  to  be  expected  that  when  two  asymmetric  nitrogen 
atoms  are  simultaneously  produced,  four  compounds  would  be  formed 
which  would  combine  in  pairs,  or,  if  the  two  nitrogen  atoms  were  the 
same,  then  three  compounds  should  be  produced,  as  in  the  case  of 
tartaric  acid.  This  case  bas  been  examined  by  Wedekind  {Ber.,  1903, 
36,  1165,  3796),  the  compound  used  being  ethyl  ethylene-bistetra- 
hydroMoquinolinium-2  acétate  iodide,  but  the  compounds,  if  formed, 
could  not  be  separated. 

The  aminé  used  was  methyl-^-amylaniline,  which  was  dextrorotatory 
([a]D  =  1106°).  This  was  combined  with  methyl,  allyl,  and  benzyl 
iodides. 
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The  compouud  with  metliyl  iodide  is  practically  inactive,  thus  show- 
ing  that  the  effect  of  the  carbon  atom  is  very  small,  and  supporting 
the  conclusion  that  nitrogen  compounds  of  the  type  Na^b.c.X  cannot 
be  optically  active. 

The  compounds  with  allyl  and  benzyl  iodides  are  dextrorot^tory,  the 
strength  of  the  rotation  dépends  on  the  conditions  of  formation, 
changes  on  recrystallisation,  and  in  chloroform  solution  the  rotation 
changes  and  finally  becomes  constant,  corresponding  to  a  state  of 
equilibrium  between  the  isomerides. 

In  the  càse  of  the  allyl  compound,  the  less  soluble  compound  can  be 
isolated  by  crystallisation.  In  the  case  of  the  benzyl  compound, 
séparation  cannot  be  elïected  in  this  way,  as  there  is  only  a  slight 
différence  of  solubility  and,  what  is  still  more  importarit,  the  two 
compounds  are  easily  transformed  one  into  the  other  by  dissociation 
into  tertiary  aminé  and  benzyl  iodide  followed  by  recombination. 

The  séparation  lias  been  effected  by  means  of  the  camphorsulphon- 
ates,  which  are  more  stable  and  show  greater  différences  in  properties. 

The  following  observations  on  the  benzyl  compounds  show  conclu- 
sively  that  two  compounds  are  produced  which  are  not  enantio- 
morphously  related  to  one  another. 

(1)  The  rotatory  power  of  the  sait  dépends  on  the  solvent  in  which 
it  is  produced. 

(2)  The  ^camphorsulphonate  of  the  a-base  and  the  c/-camphorsulphon- 
ate  of  the  ;8-base  dift'er  in  their  melting  point,  crystalline  form,  and 
rotatory  powers,  and  are  therefore  not  enantiomorphously  related. 

(3)  The  a-  and  /3-iodides  hâve  différent  melting  points  and  solubilities 
(in  alcohol). 

(4)  Solutions  of  the  a-iodide  (dextrorotatory)  and  the  /3-iodide  (lœvo- 
rotatory)  in  chloroform  undergo  a  rapid  change  in  rotatory  power, 
until  finally  both  hâve  the  same  slight  dextrorotation,  [aj^  =  2-8°. 
This  corresponds  to  a  change  of  one  isomeride  into  the  other  by  dis- 
sociation into  benzyl  iodide  and  tertiary  aminé  (compare  auto-race- 
misation  of  active  compounds,  Trans.,  1901,  79,  828  ;  1904,  85,  229), 
until  equilibrium  is  set  up  with  a  definite  ratio  between  the  concenti*a- 
tions  of  the  a-  and  j8-compounds.  Thèse  facts  can  be  accounted  for 
only  by  supposing  that  two  compounds  exist  which  are  not  optical 
antimers.  The  formation  of  two  such  compounds  can  be  explained 
on  either  of  the  two  views  already  expressed  by  Kipping  and  the  author 
as  to  the  mode  of  formation  of  thèse  quinquevalent  compounds. 

A  preliminary  note  on  this  work  was  published  in  May  last  (Froc. 
Camh.  Phil.  Soc,  1904,  12,  466)  ;  since  that  time  a  paper  by  Scholtz 
appeared  {£er.,  1904,  37,  3627),  in  which  similar  results  obtained  with 
coninium  derivatives  ai-e  described.  In  the  four  cases  examined,  it 
has  been  shown  that,  when   the  nitrogen   atom  in  cZ-coniine  is  made 
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asymmetric,  two  différent  compounds  were  produced  which  were  separ- 
ated  by  fractional  crystallisation. 

The  gênerai  relations  between  the  a-  and  yS-compounds  (tho  a-com- 
pound  is  the  one  with  the  lower  melting  point)  are  similar  to  those 
herein  described,  but  with  this  important  distinction,  to  which  Scholtz 
has  drawn  attention,  that  the  a-  and  /3-coninium  derivatives  are  more 
stable  and  cannot  be  transformed  into  one  another  ;  even  although 
three  of  the  compounds  contain  the  benzyl  group  they  appear  to 
remain  unehanged  iu  chloroform  solution. 

\-Amyl  bromide  was  prepared  by  the  action  of  270  grams  of  phos- 
phorus  tribromide  on  264  grams  of  ^amyl  alcohol  ([a]},^' -  5-6°). 

The  phosphorus  bromide  was  dropped  slowly  into  the  alcohol,  the 
mixture  allowed  to  stand,  then  warmed,  and  afterwards  washed 
repeatedly,  first  with  water,  then  dilute  sodium  carbonate  solution,  and 
finally  several  times  with  concentrated  sulphuric  acid  to  remove 
amyl  alcohol.  The  bromide  is  a  colourless  liquid  boiling  at 
120 — 120-57760  mm.  ;  an  in  a  1-dcm.  tube  at  15°  was  +4-56°  and  d^t  = 
1-224,  hence  [a]D  +  3-8°.  Le  Bel  (Bull.  Soc.  chim.,  1876,  25,505) 
gives  the  boiling  point  as  117 — 119°,  d  =  1-225,  and  a^  in  1-dcm.  tube 
at  15°  =  4-24°. 

Methyl-\-amylaniline. — Methylaniline  and  /-amyl  bromide  were 
respectively  mixtd  in  the  proportion  of  two  molécules  to  one,  and 
heated  for  about  six  hours  on  a  water-bath  ;  on  standing,  a  mass  of  long, 
prismatic  crystals  separated  out.  Thèse  were  filtered  off,  and  after 
recrystallising  from  ethyl  acétate  were  found  to  melt  at  97 — 98°  and 
to  be  methylaniline  hydrobromide. 

The  oil  was  fractionated,  in  some  cases  under  reduced  pressure  and 
in  others  under  the  ordinary  pressure  with  a  dephlegmator.  It  was 
found  that  the  fractionation  under  the  ordinary  pressure  elïected  a 
complète  séparation  of  the  base  more  rapidly  than  fractionation  under 
reduced  pressure  ;  the  oil  was  finally  distilled  once  under  reduced 
pressure. 

The  tertiary  aminé  is  a  colourless  oil  boiling  at  131—132°  under 
le  mm.  and  at  244 — 245°  under  764  mm.  pressure. 

01097  gave  0-3260  CO2  and  01125  Hp.     C  =  81-0;  H  =  11-4. 

0-2120     ,,     0-6325  CO2    „    0-2110  H,0.     C  =  81-36  3  H  =  ll-0. 

0-1550     „     11-2C.C.  nitrogen*  at  15°  and  744  mm.     N  =  8-25. 
C12H19N  (177)  requiresC  =  81-35;  H  =  10-7;  N  =  795  per  cent. 

The  density  of  the  aminé  was  found  to  be  '.  9220  at  15°  as  a  mean 
of  several  concordant  déterminations  made  on  diiïerent  préparations  ;  au 
iu  a  1-dcm.  tube  at  15°  was  found  to  be  +  102°  in  the  same  way,  hence 

*  The  causUc  potash  solution  over  which  the  nitrogen  was  collected  contained 
one  part  of  KO  H  in  two  parts  of  water. 
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[a]lf°=  11-06°  and  [M]„  =  19-8°.  The  refractive  index  at  15°  was 
determined  for  sodium  light,  and  for  the  red  and  blue  lines  (a  and  y) 
of  the  hydrogen  spectrum. 


Light. 

Na 

Ked  H    

Refractive 
index. 

...       1-5313 
1-5462 

Molecular 
refractive  power, 

m'-'-im 

^2  +  2  d' 

59-4 

60-8 
59-0 

Calculated 

from  atoiaic 

refractive  powers 

59-02 

Blue  H  

...       1-5268 

57-59 

An  attempt  was  made  to  prépare  salts  of  this  aminé  and,  if  possible, 
to  confirm  the  above  constants  with  the  aminé  recovered  from  the  pure 
sait.  Unfortunately,  none  of  the  salts  examined  was  found  to  be 
suitable  for  this  purpose.  The  hydrochloride  can  be  obtained  crystal- 
line  and  melts  at  138°,  but  does  not  reorystallise  well  from  any  of  the 
ordinary  solvents.  The  tartrates  and  the  camphorates  décompose  when 
recrystallised,  as  also  does  the  platinichloriJe.  The  d-  and  Z-camphor- 
sulphonates  and  the  f?-bromocamphorsulphonate  were  not  obtained  in  a 
crystalline  state. 

The  rotatory  power  of  a  solution  of  the  aminé  in  a  slight  excess  of 
hydrochloric  acid  was  determined  and  it  was  found  that  [a]D  =  14-8°, 
hence  [M]i)  =  26-3°.  A  solution  of  the  aminé  with  the  calculated 
quantity  of  c?-camphorsulphonic  acid  and  a  trace  of  hydrochloric  acid 
was  found  to  give  [a]i,  (for  the  c^-camphorsulphonate)  =  22-2°. 

Hence  [M]d  =  90-4°  and  [M]p  for  the  basic  ion  =  387°. 

This  resuit  suggests  the  conclusion  that  in  the  formation  of  the 
camphorsulphonate  a  lai-ger  quantity  of  one  of  the  two  possible  com- 
pounds  is  formed  than  of  the  other. 

Combination  of  the  Tertiary  Aminé  with  Alkyl  lodides. 

Phenyldiniethyl-l-amylammonium  lodide. — A  mixture  of  the  tertiary 
aminé  and  methyl  iodide  in  molecular  quantities  deposited  a  gummy 
mass  which  became  partly  crystalline  on  standing,  or  in  some  cases 
deposited  crystals  in  the  first  instance.  Combination  took  place  to 
the  extent  of  about  30  per  cent,  in  seven  days.  The  solid  was 
dissolved  in  alcohol,  in  which  it  is  very  soluble,  and  allowed  to  stand  ; 
large,  colourless  crystals  were  deposited  which  melted  sharply  at 
146 — 147°  without  apparent  décomposition.  A  solution  containing 
1-748  gi-ams  in  25  ce.  alcohol  gave  a  rotation  of  not  more  than  0-01° 
in  a  2-dcm.  tube. 

The  effect  of  the  asymmetric  carbon  atom  seems  to  be  ahnost 
negligible  in  this  sait,  and  the  nitrogen  appears  to  hâve  no  rotatory 
power.     This  supports  the   conclusion    previously  ari-ived    at  (Trans. , 
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1903,  83,  1420),  that  compounds  of  the  type  Na.^b.c.X  do  not  exist  in 
optically  active  forms.  Scholtz  (loc.  cit.)  found  that  only  oiie  dibenzyl- 
coniuium  iodide  was  produced. 

Phenylmethylalljjl-\-amylammonium  lodides. 

A  mixture  of  tlie  tertiary  aminé  and  allyl  iodide  in  molecular 
proportions  soon  sets  to  a  mass  of  crystals  held  together  by  a  little 
gummy  matter;  the  crystals  melt  at  123 — 129°.  A  similar  mixture 
plus  a  little  alcohol  deposited  no  solid  on  standing  ;  on  the  addition  of 
ether,  a  crystalline  precipitate  was  produced  which  melted  at  134 — 136°. 
A  détermination  of  the  rotatory  power  of  the  crude  sait  in  alcoholic 
solution  gave  the  following  resvilt  : 

0-901  gram  in  25  ce.  gave  a^  +  0-12°  in  a  2-dcm.  tube  ;  [a]D=  1-66°. 

On  examination  under  a  microscope,  the  sait  is  seen  to  be  a  mixture 
of  two  diiïerent  kinds  of  crystals,  one  being  long,  thin  prisms  often 
aggregated  into  sheaves,  the  other  very  small,  thick  prisms  which 
are  more  soluble  in  alcohol  than  the  longer  prisms.  The  sait  deposited 
from  alcoholic  solution  consists  chiefly  of  the  long  prisms  and  the 
melting  point  rises  on  recrystallisation  until  it  becomes  constant  at 
156—157°  ;  the  dextrorotatory  power  increases  at  the  same  time.  This 
is  therefore  the  a-salt. 

The  déterminations  of  the  rotatory  power  were  made  both  in  alcohol 
and  in  chloi-oform,  but  chiefly  the  latter,  in  which  the  sait  is  much  more 
soluble  and  the  rotatory  power  is  also  much  greater. 

A  détermination  of  the  rotatory  power  in  alcohol  gave  the  following 
resuit  : 

0*859  gram  in  25  ce.  gave  an  -  0"98°  in  a  2-dcm.  tube,  hence 
[a]D=14"3°.  The  spécifie  rotatory  power  of  the  recrystallised  sait  in 
chloroform  is  about  21-8°  and  gradually  falls  very  slowly  until  it 
reaches  a  constant  value  of  3"1°. 

The  following  example  is  typical  : 

0"861  grams  in  25  ce.  gave  aD  =  l'5°  in  a  2-dcm.  tube. 

After  24  hours,  a»  =  1-31°.  After  120  hours,  a^  =  0-45°. 

„     72       „     «0  =  0-84°.  „       00        „      ai,  =  0-22°. 

[a]D  =  21-78°  (initial)  ;  [a]  =  3-1°  (final). 

The  change  of  rotatory  power  which  takes  place  in  this  case  is  very 
probably  due  to  the  change  of  one  of  the  two  possible  compounds  (a) 
into  the  other  (/3)  until  equilibrium  is  attained,  the  change  taking 
place  by  dissociation  into  the  tertiary  aminé  and  allyl  iodide  and 
subséquent  recombination,  just  as  in  the  auto-racemisation  of  the  active 
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compounds  observed  by  Pope  and  Harvey  (Trans.,  1901,  79,  830)  and  by 
the  writer  (Trans.,  1904,  85,  229).  In  thèse  cases,  the  sait  split  into 
aminé  and  benzyl  iodide  and  the  change  took  place  much  more  rapidly. 
The  velocity  of  the  transformation  in  this  case  is  roughly  about  one- 
fifth  that  of  the  active  phenylbenzyhnethylallylammonium  iodide  as 
determined  by  the  author,  and  about  one-thirtieth  that  of  the  cor- 
responding  benzyl  compound  to  be  described  later. 

0-2715  gave  0-5175  CO.^aud  0-1702  H.p.     0  =  51-9;  H  =  6-96. 
C;^5H24NI  requires  0  =  52-1  ;    H  =  6-95  per  cent. 

The  more  soluble  /3-compound  could  not  be  isolated  in  a  pure 
state  as  it  is  rather  soluble  in  alcohol  and  tends  to  become  coloured 
owing  to  the  accumulation  of  small  amounts  of  décomposition 
products. 

However,  a  sokition  of  0-5  gram  in  25  ce.  alcohol,  decolorised  as  far 
as  possible  by  means  of  sulphur  dioxide,  was  found  to  be  Itevoi'otatory 
to  the  extent  of  about  0-1°  in  a  2-dcm.  tube,  so  that  [ajo  =  -  2-5°. 


PhenylhenzylmethylA.-amylammonium  lodides. 

A  mixture  of  the  aminé  and  benzyl  iodide  in  molecular  proportions 
sets  very  rapidly  to  a  crystalline  mass.  It  was  found  that  a  better 
resuit  was  obtained  by  adding  some  solvent,  when  good  crystals  of  the 
iodide  were  deposited. 

Varions  solvents  were  used,  and  the  rotatory  power  of  the  iodide 
deposited  from  mixtures  of  equal  concentration  in  the  same  time  was 
found  to  vary.  The  results  of  the  numerous  experiments  made  are 
summarised  below  ;  the  rotatory  power  of  the  crude  sait  was  taken  in 
solution  in  chloroform. 

In  each  case,  2-18  grams  of  benzyl  iodide  and  1-77  grams  of  aminé 
were  made  up  to  ê  ce.  with  solvent. 

Melting  point  of 

Solvent.                                     sait.  [o]d. 

Alcohol    113—115°  4-0 

Ether  118—121  35 

Ethyl  acétate 118—121  3*9 

Chloroform 114—117  12-9 

It  was  found  that  in  ail  cases  the  rotatory  power  of  the  sait 
deposited  depended  very  much  on  the  quantity  which  had  been 
deposited.  The  following  selected  results  for  alcohol  serve  to 
illustrate  this  effect. 

Weight  of  sait  f ormed 2-0         l'O         0-8         0-5  grams 

[a]u 4'0°        6-3°       7-0°       8-9° 
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Thèse  results  account  for  the  phenoinena  observed  in  a  magnetic 
field  {Proc.  Canib.  Phil.  Soc,  loc.  cit.,  468).  In  thèse  expérimenta, 
the  détermination  of  the  quantity  of  the  deposit  was  at  nrst  over- 
looked  ;  in  the  same  magnet,  it  diminished  with  increasing  strength  of 
the  field  chiefly  on  account  of  a  small  rise  in  température  ;  when 
différent  magnets  were  used,  and  the  température  carefully  regulated, 
the  différence  in  [ajo  of  the  sait  was  traced  to  the  différence  in  the 
quantity  of  sait  formed.  With  magnetic  fields  up  to  20,000  units» 
there  appears  to  be  no  effect  on  the  relative  quantities  of  the  two 
compounds  produced. 

On  recrystallisation  of  this  iodide  from  warm  or  hot  alcohol,  the 
melting  point  gradually  rises  to  141 — 142°,  while  the  rotatory  power 
alters  but  little. 

In  alcohol,  0'149  gram  in  10-048  grams  solution  gave  aij  =  0-12° 
in  a  2  dcm.  tube;  p^  1-4:8,  d  =  0-8i(},  hence  [a]D  =  5-0°. 

In  chloroform;  0-387  gram  in  21-103  gi-ams  solution  gave  ajj  =  0-35° 
in  a  2-dcm.  tube;  jo  =  l-84,  d  =  1-4:8,  hence  [a]D  =  6-45°. 

0-334  gram  in  16*562  grams  solution  gave  aô  =  0-38  in  a  2-dcm.  tube  ; 
p  =  202,  cZ  =  l-48,  hence  [a ]d  =  6-42°. 

The  rotation  of  ail  the  solutions  in  chloroform  fell  rapidly  until  a 
constant  rotation  was  reached  of  [a]D  +  2-8°.  It  is  clearly  not  possible 
to  separate  the  a-  and  j8-isomerides  in  this  way  ;  the  difficulty  arises 
from  the  small  différence  in  the  solubility  of  the  two  compounds,  and 
the  ease  with  which  they  undergo  mutual  transformation  in  solution. 

There  is  a  greater  différence  between  the  two  corresponding  cam- 
phorsulphonates,  and  thèse  were  therefore  prepared  and  purified. 

Unfortunately,  neither  the  d-  nor  Z-camphorsulphonates  correspond- 
ing to  both  a-  and  /8-iodides  could  be  prepared  and  purified,  but  the 
cZ-camphorsulphonate  of  the  ^-compound  and  the  ^-camphorsulphonate 
of  the  a-compound  could  be  isolated  by  fracfcional  crystallisation. 

The  iodide  purified  as  ^already  described  was  converted  into  the 
camphorsulphonate  in  the  usual  way  by  boiling  a  mixture  of  the  iodide 
and  silver  d-  or  ^-camphorsulphonate  with  acétone  or  ethyl  acétate. 

P-Phenylhenzylmethyl-\-amylammonium  di-CaniphoTSulphonate. 

The  c?-camphorsulphonate  was  recrystallised  repeatedly  from  acétone 
until  its  melting  point  became  constant.  The  rotatory  power  gradually 
fell  until  eventually  the  aqueous  solution  was  found  to  be  very  slightly 
Isevorotatory  ;  a  4-5  per  cent,  solution  had  a^  in  2-dcm.  tube  =  -  0-02°. 
Hence  the  basic  ion  appears  to  hâve  [M]o  =  -  52°  approximately. 

The  c^-camphorsulphonate  crystallises  in  long,  white  prisms,  which, 
on  heating,  begin  to  turn  blue  at  130°  and  melt  to  a  blue  liquid  at 
150—152°. 
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Analysis  indicates  that  the  sait  crystallises  with  a  molécule  of 
acétone  of  crystallisation. 

0-1470  gave  0-3718  CO2  and  0-1096  HgO.     C  =  68-8  ;  H  =  8-30. 

0-1966     „     0-4961  CO2    „    0-1510  HgO.     C  =  68-8  ;  H  =  8-55. 
C29H4jNS04,C3HeO  requires  C  =  68-9  ;  H -8-44  per  cent. 
CggH^^N-SO^  requires  C  =  69-7  ;  H  =  8-24  per  cent. 

^-Phenylhenzyhnethyl-\-amylamvioniutn  iodide  was  precipitated  from 
the  aqueous  solution  of  the  (i-camphorsulphonate  by  the  addition  of 
potassium  iodide  solution. 

The  crude  iodide  melts  at  130—131°,  and  after  crystallising  from  cold 
alcohol,  at  131 — 132°,  it  therefore  melts  at  a  lower  température  than 
the  mixture.  The  rotatory  power  was  deteroained  in  alcohol  and  in 
chloroform. 

In  alcohol,  0-169  gram  in  9-240 grams  of  solution  gave  a^-  -0-47° 
in  a  2-dcm.  tube;  jt>=  1-831,  cZ  =  0-814,  hence  [a]j>=  -15-8°. 

In  chloroform,  0-217  gram  in  17'696  grams  of  solution  gave  a^^ 
-0-68°  in  a  2-dcm.  tube;  p=l-22,  cZ=  1-480,  hence  [0]^=  -18-8°. 

The  rotatory  power  of  this  solution  f ell  oiï  rapidly  ;  after  4  hours,  a^  = 
-0-18°,  and  after  48  hours  au  = +010°,  corresponding  to  [a]u  = 
+  2  78°,  a  value  identical  with  the  final  value  obtained  for  the  chloro- 
form solutions  of  the  iodide  purified  by  recrystallisation  from  alcohol. 

The  solubility  of  this  iodide  in  alcohol  at  15°  was  found  to  be  2-1 
grams  in  100  grams  of  alcohol. 

Heating  in  alcoholic  solution  caused  the  rotatory  power  to  fall  off, 
and  the  iodide  deposited  eventually  gave  [aj^  about  7°  in  chloroform 
solution. 

Both  the  chloroform  solution  and  the  hot  alcoholic  solutions  smell 
strongly  of  benzyl  iodide,  so  that  the  change  which  occurs  in  both 
cases  must  be  due  to  dissociation  into  the  tertiary  aminé  and  benzyl 
iodide,  with  subséquent  combination  to  form  both  a-  and  /5-compounds, 
and,  as  previously  stated,  this  change  takes  place  much  more  rapidly 
than  the  racemisation  of  the  two  active  compounds,  which  also  contain 
the  benzyl  radicle. 

Analysis  of  the  /3-iodide  gave  the  following  resuit  : 

0-1435  gave  0-3030  CO^  and  0-0871  H,0.     0  =  5756  ;  H  =  6-72. 
OiglIggNI  requires  C  =  57-7  ;  H  =  658  per  cent. 

a-Phenylbenzylmethyl-l-amylammonium  l-ca?«.^;Aorsw'/)/(0?ini6  was  pre- 
pared  from  the  iodide  recovered  from  the  more  soluble  part  of  the 
o?-camphorsulphonate,  and  which  had  [aj^  in  chloroform  =  12°,  and  was 
recrystallised  several  times  from  a  mixture  of  acétone  and  light 
petroleum,  and  then  finally  from  ethyl  acétate  or  acétone  alone  until 
the  melting  point  became  constant,     This  sait   differs   in  appearance 
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and  properties  from  the  fZ-camphorsulphonate  described  above  ;  it  crys- 
tallises  iu  feathery  prisms  melting  sharply  at  161 — 161*5°. 

The  sait,  which  is  at  first  lœv^orotatory,  becomes  eventually  strongly 
dextrorotatory. 

0"182  gram  in  12' 157  gram  of  solution  gave  aj,  =  +  l'48°  in  a  2  dcm. 
tube  ;lience;;  =  1-5,  (Z=  1-002,  [a]u  =  49-4°,  and  [M]o  =  247°. 

The  value  of  [M]d  for  the  basic  ion  is  therefore  about  299°.  This 
high  value  agrées  with  that  obtained  for  the  corresponding  iscamyl 
compound  {Froc.  Camh.  Flàl.  Soc,  1904,  13,  35). 

Analysis  of  this  sait  gave  the  following  numbers  : 

0-1358  gave  0-3456  COg  and  01015  HgO.     C  =  69  6  ;  H  =  8-32. 
CjgH^iN-SO^  requires  C  =  69-7;  H  =  8-24  per  cent. 

a-Phenylhenzylmethyl-\-amylainvwnium  iodide  was  precipitated  from 
the  aqueous  solution  of  the  ^camphorsulphonate  by  the  addition  of 
potassium  iodide  solution.  The  crude  iodide  melted  at  132°,  and  after 
crystallising  from  cold  alcohol  several  times  it  melted  at  144 — 145° 
and  therefore  at  a  higher  température  than  the  jS-compound  or  the 
mixture.  Rotatory  power  déterminations  were  made  in  alcohol  and  in 
chloroform  ;   the  following  are  typical  examples. 

In  alcohol,  0-150  gram  in  12-400  grams  of  solution  gave  au  =  1-16°  ; 
hencejt;  =  l-21,  c?  =  0-815,  [a]D  =  59-0°. 

In  chloroform,  0-136  gi^am  in  15-737  grams  of  solution  gave 
au  =  l-65°  in  a  2-dcm.  tube,  p  =  0-864,  cZ=l-475;  hence  [a]D  =  65°. 
After  1  hour,  au  =1-30°;  48  hours,  aD  =  0-07°,  corresponding  to 
[a]D  =  2-75°. 

The  solubility  of  the  a-iodide  in  alcohol  at  15°  is  1-48  grams  in  100 
grams  of  alcohol. 

It  is  clear  therefore  that  in  the  formation  of  an  asymmetric  nitrogen 
atom  in  a  compound  containing  an  asymmetric  carbon  atom  two  com- 
pounds  are  formed.  Thèse  compounds  differ  in  properties  such  as 
melting  point  and  solubility  and  in  rotatory  power,  and  are  readily 
transformed  one  into  the  other  until  (  quilibrium  is  attained  in  chloro- 
form solution,  when  one  of  the  radicles  is  either  allyl  or  benzyl.  The 
compounds,  when  sufficiently  stable,  can  be  separated  by  crystallisa- 
tion. 

The  expenses  connected  with  the  above  investigation  were  largely 
met  by  grants  from  the  Government  Grant  Committee  of  the  Royal 
Society,  for  which  the  writer  is  glad  to  make  this  acknowledgment. 

University  Chemical  Laboratouy, 
Cambridge. 
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XIX. — Nitrogen  Halogen   Derivatives  of  tlie   Sulphon- 

amides. 

By  Frederick  Daniel  Chattaway. 

The  stvidy  of  nitrogen  halogen  derivatives,  that  is,  of  compoucds 
containing  halogen  directly  attached  to  nitrogen,  has  yielded  many 
valuable  scientific  results.  Perhaps  the  raost  notable  members  of  this 
class  of  substances  are  the  bromoamides,  whicb,  on  heating  with  caustic 
alkalis  yield  primary  aminé?,  and  the  acylphenyl-chloro-  and  -bromo- 
amides, which,  under  the  influence  of  hydrogen  chloride  or  bromide, 
undergo  an  intramolecular  rearrangement  whereby  the  halogen  enters 
into  the  phenyl  nucleus.  Both  thèse  classes  of  derivatives,  however, 
so  readily  undergo  isomeric  change  that  they  are  not  well  adapted  for 
a  study  of  the  behaviour  of  halogen  when  attached  to  nitrogen. 

It  seemed  possible  that  a  number  of  synthèses  which  hâve  failed 
when  tried  with  somewhat  unstable  nitrogen  halogen  derivatives  might 
succeed  if  attempted  with  stable  compounds  not  liable  readily  to 
undergo  isomeric  change.  Such  substances  are  found  in  the  nitrogen 
halogen  derivatives  of  the  sulphonamides,  and  the  présent  paper 
contains  a  description  of  a  number  of  thèse  compounds,  the  varions 
reactions  of  which  are  being  further  investigated. 

The  sulphonamides  are  distinguished  by  the  great  readiness  with 
which  they  form  well-crystallised  derivatives  in  which  ail  the  aminic 
hydrogen  is  replaced  by  halogen  when  acted  upon  by  hypochlorous  acid 
at  the  ordinary  température,  for  example  : 

CgHs-SO^-NH-CHa-i-HOCl  ^  C6H,-S02-NH{CH3)<^j^  ^ 

OeH,-S02-N(CH,)Cl  -f  HgO. 

The  sulphonchloroamides  so  produced  exhibit  great  stability  when 
compared  with  other  chloroamides,  for  example,  the  reverse  change 
only  takes  place  very  slowly  even  on  boiling  with  a  large  excess 
of  water.  Those  containing  two  chlorine  atoms  attached  to  the 
nitrogen  melt  without  décomposition  and  can  frequently  be  heated 
considerably  above  their  melting  points  without  undergoing  any 
change  ;  they  explode  when  heated  by  a  direct  flame,  the  tetrachloro- 
amides  derived  from  the  disulphonamides  resembling  nitrogen  chloride 
itself  in  the  violence  with  which  they  detonate.  When  similarly 
heated,  the  sulphonalkylchloroamides  do* not  detonate,  but  décompose 
rapidly  with  the  évolution  of  gas. 

They  ail  readily  take  part  in  those  characteristic  reactions  which 
distinguish  the  nitrogen  halogen  from  the  carbon  halogen  linking,  the 
halogen   being  in  every  case  replaced  by  hydrogen  and  the  sulphon- 
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amide  regenerated  ;  for  example,  they  liberate  chlorine  when  heated 
with  hydrochloric  acid,  iodine  chloride  or  iodine  when  treated  with 
an  équivalent  quantity  or  an  excess  of  hydriodic  acid,  and  set  free 
sulphur  when  treated  with  hydrogen  sulphide  ;  when  heated  with 
alcohol,  they  form  ethyl  hypochlorite,  which  at  once  breaks  down  into 
aldéhyde  and  hydrogen  chloi-ide, 

CgHs'SOa-NCla  +  2C2H5-OH  =  CgHs'SOg-NHs  +  2C2H5-OC1, 

and  with  hydrogen  cyanide  they  form  cyanogen  chloride. 

The  sulphondichloroamides  dissolve  readily  in  warm  aqueous  solutions 
of  the  alkaline  hydroxides,  forming  salts  of  the  sulphonmonochloro- 
amides,  which  separate  as  the  liquids  cool  in  large  crystals  containing 
water  of  crystallisation,  for  example  ; 

CeHg-SO./NCl^  +  2K0H  =  CeHs'SOgKiNCl  +  KOCl  +  H^O. 

Thèse  salts  are  very  easily  soluble  in  water  and  are  comparatively 
stable  in  aqueous  or  alkaline  solution  ;  they  are,  however,  slowly 
hydrolysed  when  boiled  for  some  hours  with  aqueous  alkalis,  the  original 
sulphonamide  being  regenerated.  The  water  of  crystallisation  is  lost 
when  the  crystals  are  heated  to  100°  or  when  they  are  kept  in  a 
vacuum  over  phosphoric  oxide.  The  anhydrous  salts  are  very  stable  ; 
when  heated,  they  do  net  melt,  but  explode  at  températures  varying 
with  the  nature  of  the  substance,  and  to  some  extent  with  the  rapidity 
with  which  they  are  heated. 

There  is  every  reason  to  believe  that  in  the  salts  of  the  bromoamides 
the  métal  is  not  attached  to  nitrogen  *  but  to  oxygen,  and  that  they 
are  in  reality  salts  of  the  bromoisoamides.  Although  it  has  not  been 
directly  proved,  there  are  similar  reasons  for  believing  that  the  salts 
obtained  from  the  sulphondichloroamides  are  derivatives  of  the  sulphon- 
zsochloroamides,  RS0(0H)!NC1,  and  hâve  a  constitution  represented  by 
the  gênerai  formula  RS0(0M):NC1. 

On  acidifying  aqueous  solutions  of  thèse  salts  one  would  expect  to 
obtain  the  sulphont'sochloi'oamides  or  the  sulphonmonochloroamides  pro- 
duced  from  them  by  intramolecvilar  rearrangement  ;  such  compounds, 
however,  hâve  not  yet  been  obtained.  On  adding  acetic  acid  to  such 
solutions,  white,  crystalline  solids  are  precipitated,  which,  on  recrys- 
tallisation,  prove  to  be  the  sulphondichloroamides,  whilst  équivalent 
quantities  of  the  sulphonamides  remain  in  solution.  This  is  probably 
due  to  a  progressive  hydrolysis  of  the  sulphonisochloroamides  first 
formed,  and  the  production,  by  the  agency  of  the  hypochlorous  acid 
80  formed,  of  the  much  more  sparingly  soluble  sulphondichloroamides  : 

RS0(0H):NC1  +  HgO  =  RSOa-NHg  +  HOCl. 

RS0(0H):NC1  +  HOCl  =  RS0(0H):NC12-0H  =  RSOg-NCl^  +  H2O. 
*  Hantzsch  and  DollfitBs,  Ber.,  1902,  35,  249. 
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Ail  the  aromatic  sulphonamides  easDy  yield  very  stable  substituted 
nitrogen  bromides,  which  show  the  typical  behaviour  of  this  type  of 
compound,  as  they  do  not  readily  undergo  isomeric  change.  A  few 
sulphondibromoamides  hâve  been  studied  by  Hoogeweriï  and  van  Dorp 
{Rec.  Trav.  Chim.,  1887,  6,  373),  and  were  described  in  their  researches 
upon  the  action  of  potassium  hypobromite  on  amides  :  among  others, 
benzenesulphondibromoamideandbenzene-?»-disulphontetrabromoamide. 
Thèse  chemists,  however,  did  not  prépare  them  by  a  very  convenient 
method  or  one  capable  of  giving  a  good  yield. 

The  method  of  preparing  substituted  nitrogen  bromides  by  means  of 
hypobromous  acid,  which  has  been  applied  with  success  in  many  other 
cases,  is  similarly  successful  hère.  AU  the  sulphonamides  and  alkyl 
sulphonamides  readily  react  with  this  reagent,  which  replaces  ail  the 
aminic  hydrogen  by  bromine,  and  a  number  of  typical  derivatives  of 
the  aromatic  sulphonamides  hâve  been  prepared  in  this  way.  For 
example  : 

C6H,-SO./NH-CH3  +  HOBr  ^  C6H5'S0.3-NH(CH3)<q^  ^ 

CgH5-S02-N(CH3)Br  +  HgO. 
The  yields  are  theoretical. 

The  sulphondibromoamides  resemble  the  sulphondichloroamides  j 
they  crystallise  well  and  behave  similarly  on  heating.  They  are,  how- 
ever, bright  yellow  in  colour.  Although  they  are  unusually  stable  as 
compared  with  nitrogen  bromides  generally,  they  slowly  décompose  on 
keeping,  bromine  being  liberated.  They  interact  with  hydrochloric 
acid,  hydriodic  acid,  hydrogen  sulphide,  and  alcohol  in  the  manner 
characteristic  of  nitrogen  bromides,  the  sulphonamide  in  each  case 
being  regenerated. 

Although  hydrolysed  when  heated  with  water  or  with  somewhat 
dilute  acetic  acid,  they  are  remarkable  among  nitrogen  bromides  for 
the  slowness  with  which  thèse  actions  take  place. 

As  has  been  noted  by  Hoogewerff  and  van  Dorp  [loc.  cit.)  in  the  case 
of  the  compounds  which  they  prepared,  the  sulphondibromoamides 
interact  readily  with  a  solution  of  sodium  or  potassium  hydroxide,  salts 
of  the  sulphonmonobromoamides  being  produced.  Thèse  salts  are  pale 
yellow,  stable  substances  which  readily  dissolve  in  water  and  crystallise 
beautifully  with  varying  amounts  of  water  of  crystallisation,  the  latter 
being  lost  when  the  salts  are  exposed  over  phosphoric  oxide  under 
reduced  pressure.  The  anhydrous  salts  do  not  melt,  but  décompose 
explosively  when  strongly  heated.  It  is  probable  that  they  are  similar 
in  constitution  to  the  analogous  salts  derived  from  the  sulphondichloro- 
amides, and  that  they  are  derivatives  of  the  unknown  sulphon/sobromo- 
amides,  Pv,'SO(OH)INBr.  The  latter  compounds  are  not  obtained  on 
acidifying  solutions  of  thèse  salts,  sulphondibromoamides  and  sulphon- 
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amides  being  produced  in  équivalent  amount,  probably  in  tbe  manner 
suggested  to  explain  the  similar  behaviour  of  the  chloro-compounds. 

When  solutions  of  thèse  salts  in  caustic  alkalis  are  heated,  they 
readily  undergo  hydrolysis  ;  tlie  yellow  colour  of  the  solution  disappears 
as  the  action  proceeds,  and  a  solution  of  the  sulphonamide  in  the  caustic 
alkali  together  with  alkaline  bromide  and  bromate  are  formed. 

The  sulphonalkylbromoamides,  RSOg'NR'Br,  are  prepared  by  the 
same  method  with  equal  ease.  They  are  pale  yellow,  well-crystal- 
lised  compounds  which,  in  virtue  of  the  halogen  attached  to  the 
nitrogen,  resemble  other  nitrogen  bromides  in  chemical  behaviour. 
They  are  comparatively  stable  substances,  which,  however,  décompose 
with  reddening  and  évolution  of  gas  on  heating  above  their  melting 
points.  As  with  the  corresponding  chlorine  derivatives,  those  contain- 
ing  the  benzyl  group  are  the  least  stable,  and  décompose  slowly  even 
when  kept  in  a  dry  atmosphère  screened  from  light.  Varions  reactions 
of  thèse  compounds  are  being  investigated. 


I.  Sulphondichloroamides    and    Suljyhonalkylchloroamides. 
Benzenesulphondichloroamide, 


This  substance  was  first  mentioned  by  Kastle  {Amer.  Chem.  J.,  1895, 
17,  704),  who  suggested  its  use  instead  of  chlorine  water  as  a  reagent 
for  bromine  and  iodine;  it  was  subsequently  briefly  described  by  Kastle, 
Keiser,  and  Bradley  [Amer.  Chem.  J.,  1896,  18,  491).  They  obtained 
it  by  leading  chlorine  into  a  solution  of  benzenesulphonamide  in  caustic 
potash,  heating  the  solid  which  separated  with  hot  water,  and  subse- 
quently dissolving  the  residue  in  alcohol  and  precipitating  the  dichloro- 
amide  by  water  as  pearly-white  laminte  which  melted  at  70°.  Thèse 
methods  of  préparation  and  purification  are,  however,  not  the  most 
suitable. 

Benzenesulphondichloroamide  and  ail  other  sulphondichloroamides 
are  most  conveniently  prepared  by  adding  the  corresponding  sulphon- 
amide to  an  excess  of  a  saturated  solution  of  bleaching  powder,  in 
which  they  ail  readily  dissolve,  and  then  slowly  pouring  acetic  acid 
into  the  cooled  solution.  The  sulphondichloroamides  at  once  separate 
as  oily  liquids  which  solidify  quickly  to  white,  crystalline  solids.  Thèse 
may  be  filtered  off,  and  are  practically  pure  dichloroamides.  As,  how- 
ever, thèse  solids  are  not  easily  and  conveniently  dried,  it  is  best  to 
add  to  the  acid  liquid  sufficient  chloroform  to  dissolve  them  completely. 
It  is  advisable  to  shake  the  chloroform  solution  with  a  further  small 
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quantity  of  fresh  acidified  bleaching  powder  solution  to  ensure  the 
absence  of  any  trace  of  unchanged  sulphonamide.  The  chloroform 
solution  is  then  separated,  dried  over  fused  calcium  chloride,  and  the 
solvent  driven  off  on  the  water-bath  in  a  current  of  air,  taking  care 
that  the  température  of  the  evaporating  liquid  does  not  rise  much 
above  20°.  The  dichloroamides  are  then  left  as  beautifully  crystalline 
white  solids,  which  may  be  recrystallised  from  chloroform,  or,  better,  by 
dissolving  them  in  warm  chloroform  and  adding  a  little  warm  petroleum, 
when,  on  cooling,  they  separate  in  colourless  crystals  with  a  scai-cely 
perceptible  yellow  tint. 

Benzenesulphondichloroamide  is  easily  soluble  in  chloroform  or  in 
acetic  acid,  and  crystallises  from  thèse  solvents  in  transparent,  colourless 
plates  with  a  very  faint  yellow  tint.  It  is  sparingly  soluble  in  petrol- 
eum and  water.  It  is  hydrolysed  on  prolonged  boiling  with  water  or 
somewhat  diluted  acetic  acid  ;  the  action  is,  however,  very  slow,  and 
from  such  partly  hydrolysed  solutions  the  dichloroamide  still  remaining 
séparâtes  on  cooling  in  a  nearly  pure  state,  as  its  solubility  in  thèse 
solvents  is  less  than  that  of  benzenesulplionamide.  It  melts  at  76°, 
and  when  heated  above  this  point  i-emains  for  some  time  unchanged, 
but  décomposes  with  ebullition  at  about  200°,  giving  off  chlorine, 
nitrogen,  hydrogen  chloride,  and  benzenesulphonic  chloride.  When 
heated  rapidly  in  a  flame,  it  décomposes  with  a  feeble  explosion.  This 
and  the  other  chloroamides  described  in  the  paper  were  analysed  by 
dissolving  them  in  acetic  acid,  adding  excess  of  potassium  iodide,  and 
titrating  the  liberated  iodine  with  a  standard  solution  of  sodium 
thiosulphate. 

0-3905  liberated  1  =  69-2  ce.  iVVlO  I.     Cl  as  NC1  =  31-41. 
C6H5O2NCI2S  requires  Cl  as  NC1  =  31-37  per  cent. 

When  benzenesulphondichloroamide  is  added  to  a  somewhat  dilute 
cold  solution  of  caustic  potash  or  soda,  it  dissolves  forming  a  pale 
yellow  liquid  from  which,  on  the  addition  of  a  saturated  solution  of 
the  alkali  hydroxide,  salts  of  benzenesulphonmonochloroamide  con- 
taining  water  of  crystallisation  slowly  separate  in  long,  colourless, 
flattened  prisms.  Thèse  are  still  more  readily  obtained  by  cautiously 
dissolving  the  sulphondichloroamide  in  a  warm  10  per  cent,  solution 
of  sodium  or  potassium  hydroxide  ;  on  slowly  cooling  the  pale  yellow 
liquid,  the  salts  crystallise  out  well  in  glittering,  transparent,  colour- 
less, flattened  prisms.  If,  after  the  dichloroamide  has  dissolved,  the 
solution  is  heated  nearly  to  boiling,  a  very  vigorous  reaction  accom- 
panied  by  violent  ebullition  sets  in,  and  if  much  of  the  dichloroamide 
has  been  used  the  sait  may  separate  out  in  small  crystals  even  while 
the  solution  is  hot.  This  behaviour  seems  to  indicate  that  the  alkali 
hydroxide  first  combines  with  the  sulphondichloroamide,  the  sait  of 
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the  sulphonisochloroamide  being  formed  from  this  additive  product 
by  a  splitting  oiï  of  alkaline  hypochlorite,  some  of  the  beat  being  derived 
from  the  rapid  transformation  of  the  latter  into  chloride  and  chlorate. 
Identical  salts  are  precipitated  on  passing  chlorine  in  limited 
amount  into  sohitions  of  the  sulphonamides  in  excess  of  strong  caustic 
alkalis,  but  this  method  of  préparation  is  not  a  convenient  one. 
Thèse  salts,  which  are  probably  derivatives  of  benzenesulphonisochloro- 
amide,  C6Hr/S0(0H)*.]SJ"Cl,  are  very  stable  in  présence  of  alkalis,  and 
considérable  heating  is  needed  to  effect  complète  hydrolysis,  which, 
however,  takes  place  with  the  formation  of  the  original  sulphonamide 
and  alkaline  chloride  and  chlorate  when  a  solution  in  aqueous  alkali  is 
heated  for  some  hours  at  100°.  No  transformation  of  thèse  salts  has 
hitherto  been  observed  to  take  place  under  thèse  conditions.  They  are 
very  easily  soluble  in  water,  although  with  some  slight  hydrolysis,  and 
are  again  precipitated  from  solution  on  adding  strong  alkali.  Similar 
results  are  obtained  by  warming  the  sulphondichloroamides  with  a  solu- 
tion of  calcium  or  barium  hydroxide. 

Potassium  henzenesulj^honchloroamide,  CpHg-SOgKINCljHgO. 

This  sait  was  prepared  as  above  described  by  dissolving  benzene- 
sulphondichloroamide  in  an  excess  of  a  warm  10  per  cent,  solution  of 
potassium  hydroxide.  On  cooling,  the  pale  yellow  solution  deposited 
the  sait  in  long,  colourless,  transparent  prisms  ;  thèse  were  filtered  off, 
rapidly  washed  with  a  little  cold  water,  pressed  between  filter  paper, 
and  dried  for  a  short  time  in  the  air.  A  quantity  of  this  sait  was 
analysed  by  dissolving  it  in  a  solution  of  potassium  iodide,  acidifying 
with  acetic  acid,  and  titrating  the  liberated  iodine  with  sodium  thio- 
sulphate. 

0-4185  liberated  1  =  34-2  ce.  iV/10  I.     Cl  as  NC1  =  14-48. 

A  further  quantity  was  exposed  in  a  vacuum  over  phosphoric 
oxide  for  four  days  until  its  weight  became  constant. 

0-4349  lost  0-0310  'Kf>.     ÏÏ2O  =  7-13  per  cent. 

A  quantity  similarly  dried  was  analysed  as  before. 

0-2937  liberated  I  =  25-5  ce.  i\7lO  I.     Cl  as  NCl  =  15-39. 
C6H502NC1SK,H20  requires  Cl  as  NCl  =  14-31.     HoO  =  7-27. 
CgHsCgNClSK  requires  Cl  as  NCl  =  15-43  per  cent. 

The  sait  is  very  soluble  in  water,  giving  a  pale  yellow  solution  ;  it  is 
less  soluble  in  a  strong  solution  of  potassium  hydroxide,  and  crystal- 
lises  easily  from  this  in  colourless,  transparent,  glittering,  long  prisms, 
apparently  six-sided  with  domed  ends. 

When  heated  rapidly,  the  dry  sait  does  not  melt,  but  explodes  some 
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what  violently  with  décomposition  and  libération  of  a  black  solid, 
probably  carbon,  at  about  140 — 145°.  The  température  of  décom- 
position dépends,  however  to  some  extent  on  the  rapidity  with  which 
the  sait  is  heated 

Sodium  benzeiiesulphonchloroamide,  CgH^'SOgNaiNCljSHgO. 

This  compound  was  prepared  exactly  as  the  potassium  sait,  than 
which  it  is  somewhat  more  sparingly  soluble  in  water  ;  it  crystallises 
in  long,  colourless,  transparent,  flattened  prisms  with  domed  ends. 
It  is  very  easily  soluble  in  water  giving  a  pale  yellow  solution,  less 
easily  in  a  solution  of  sodium  hydroxide. 

0-2632  liberated  1  =  19-7  c.c.  JY/IO  I.     Cl  as  NCl  =  13-27  per  cent. 

When  dried  for  several  days  over  phosphoric  oxide  until  no  further 
loss  in  weight  occurred,  the  crystals  did  not  fall  to  powder,  but  became 
opaque,  retaining,  to  a  certain  extent,  their  crystalline  shape. 

0-2052  liberated  1-19-1  c.c.  i\^/10  I.     Cl  as  NC1  =  16-49. 
C6H502NClSNa,3H,0  requires  Cl  as  NC1  =  13-25. 
CgH^OgNClSNa  requires  Cl  as  NCU  16-59  per  cent. 

When  heated  rapidly,  the  anhydrous  sait  does  not  melt,  but  explodes 
with  violence  at  about  180—185°. 

Tohiene-o-suljihondichloroamide, 

I  r^  ■ 


Toluene-o-sulphonamide  was  powdered  and  dissolved  in  an  excess  of 
a  cooled  solution  of  bleaching  powder.  On  adding  acetic  acid  slowly, 
the  dichloroamide  separated  as  an  oil  which  did  not  solidify  even  on 
strongly  cooling.  It  was  therefore  extracted  by  chloroform,  the  solu- 
tion in  chloroform  again  shaken  with  acidified  bleaching  powder,  and 
afterwards  removed,  dried,  and  the  solvent  evaporated  olï  in  a  current 
of  air  on  a  water-bath.  A  pale  yellow,  oily  liquid  was  left  which 
slowly  solidified  to  a  beautifully  crystalline,  colourless  mass.  It  is 
very  soluble  in  chloroform  and  freely  soluble  in  petroleum.  It  crys- 
tallises from  light  petroleum  in  clusters  of  slender,  colourless  plates 
which  melt  at  33°. 

0-2694  liberated  I  =  44-9  c.c.  i\^/10  I.     Cl  as  NCl  =  29-54 
C7H7O2NCUS  requires  Cl  as  NC1  =  29-53  per  cent. 
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Potassium  toluène- o-sulpho7ichloroamide,  CHg'CgH^'SOgKINCl/ïïgO- 

This  sait  was  prepared  as  previously  described,  using  a  10  per  cent, 
solution  of  potassium  liydroxide  ;  it  crystallises  in  glittering,  trans- 
parent, colourless  prisms. 

0-3688  liberated  28-1  ce.  i\^/10  I.     Cl  as  NC1  =  13-50. 

C7H702NC1SK,H20  requires  Cl  as  NCl  =  13-54  per  cent. 

The  hydrated  sait  loses  its  water  of  crystallisation  when  kept  for 
some  days  in  a  vacuum  over  phosphoric  oxide,  but  alters  very  little  in 
appearance. 

0-2590  liberated  1  =  21-1  ce.  iVVlO  I.     Cl  as  NC1=  14-44. 
C7H7O2NCISK  requires  Cl  as  NC1  =  14-54  per  cent. 

The  anhydrous  sait  explodes  feebly  when  heated  to  about  145°. 

Sodium  toluene-o-sulphoncîdoroamide,  CH3'CgÏÏ4°S02Na!NCl,2H20. 

This  sait  crystallises  in  long,  colourless,  transparent,  somewhat 
iîattened  prisms. 

0-2130  liberated  1  =  16-5  ce  NjlO  I.     Cl  as  NC1  =  13-73. 

C7H70.,NClSNa,2H20  requires  Cl  as  NC1=  13-44  per  cent. 

When  dried  over  phosphoric  oxide  in  a  vacuum  or  heated  on  a 
water-bath,  the  crystals  lose  their  water  of  crystallisation  and  become 
opaque. 

0-2005  liberated  1-17-7  ce  N/10  I.     Cl  as  NC1  =  15-65. 
C7ÏÏ;02NClSNa  requires  Cl  as  NC1  =  15-57  per  cent. 

The  anhydrous  sait  does  not  melt,  but  explodes  with  some  violence 
when  heated  to  about  170 — 175°. 


Toluene--ç-sulphondichloroamide, 
SO./NC], 

I         I 


CH3 

This  was  first  obtained  by  Kastle,  Keiser,  and  Bradley  [loc.  cit.),  but 
no  analysis  was  published  ;  they  give  its  melting  point  as  80°,  and  state 
that  it  crystallises  in  smaller  crystals  than  the  benzène  derivatives 
and  is  rather  more  diflScult  to  obtain  pure  and  dry. 

It  is  easily  prepared  by  the  gênerai  method  described  above.  It 
is   moderately  soluble  in  chloroform,  sparingly  so  in  petroleum  ;  and 
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crystallises  from  chloroform  mixed  with  a  little  petroleum,  in  very 
long,  colourless,  flattened,  four-sided  prisms  terminated  by  shox't 
pyramids  (m.  p.  83°). 

0-2190  liberated  I  =  36-5  ce.  i\7lO  I.     Cl  as  NC1  =  29-54. 
C7ÏÏ7O2NCI2S  requires  Cl  as  NC1  =  29-53  per  cent. 

Potassium  tohoene-p-suljjhoncMoroainide,  CHg'CgH^'SOgKINCljHoO. 

This  sait,  prepared  from  a  10  per  cent,  solution  of  potassium  hydr- 
oxide,  crystallises  in  large,  colourless,  four-sided  plates,  often  elongated 
into  long,  flattened  prisms.  The  sait  di'ied  in  air  gave  the  following 
numbers  on  analysis  : 

0-3564  liberated  1  =  27-2  ce.  7^/10  I.     Cl  as  NC1=  13-53  per  cent. 

A  quantity  was  kept  for  some  days  over  phosphoric  oxide  in  a 
Vacuum  until  its  weight  was  constant  ;    the  crystals  became  opaque. 

0-4839  lost  0  0335.     H20  =  6-92  per  cent. 

A  f  urther  quantity  similarly  dried  was  analysed  : 

0-3043  liberated  I  -  24-8  ce.  iV^/10  I.     Cl  as  NCl  =  14-44. 
C7H702NC1SK,H20  requires  Cl  as  NC1=  13-54.     H20  =  6-88. 
C7H7O2NCISK  requires  Cl  as  NCl  =  14-54  per  cent. 

When  heated  rapidly,  the  anhydrous  sait  does  not  melt,  but  explodes 
with  violence  at  about  160 — 165°. 


Sodium  toluene-^-sulphonchloroamide,  CH3-CgH^'S02lSraINCl,3H20. 

This  sait  crystallises  in  long,  flattened,  colourless,  transparent 
prisms. 

0-4806  liberated  I  =  34-3  ce     Cl  as  NCl  =  12-65. 

C7H702NClSNa,3H20  requires  Cl  as  NCl  =  12-58  per  cent. 

When  exposed  over  phosphoric  oxide  in  a  vacuum  for  some  days,  or 
when  heated  on  a  water-bath  for  a  short  time,  the  sait  loses  its  water 
of  crystallisation  ;  the  crystals  become  opaque,  but  retain  roughly 
their  original  shape. 

0-3082  liberated  I  =  27-1  ce     Cl  as  NCl  =  15-59. 

CyH.OgNClSNa  requires  Cl  as  NCl  =  15-57  per  cent, 

The  anhydrous  sait   explodes   with  violence   when  heated  to  about 

175—180°. 
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Nitrobenzene-va-suljihondichloroamide, 
/ 

This  compound  crystallises  from  chloroform,  in  which  it  is  mode- 
rately  soluble,  in  colourless,  glittering,  six-sided  plates  with  a  faint 
yellow  tint  (m.  p.  121°). 

0-2952  liberated  I  =  43-7  ce.  #/10  I.     Cl  as  NCl  =  26-24. 
CgH^O^NaClgS  requires  Cl  as  NCl  =  26-15  per  cent. 

Potassium  nitrohenzene-va-sulphonchloroamide, 

no2-C6H,-so2k:nci,x(H20), 

crystallises  from  a  strongly  alkaline  solution  in  very  small,  pale  yellow, 
transparent  plates,  which,  on  drying  over  phosphoric  oxide  in  a  vacuum, 
lose  water  of  crystallisation  and  become  opaque.  The  water  of  crys- 
tallisation  was  not  estimated,  as,  owing  to  the  smallness  of  the  crystals, 
it  was  found  difficult  to  remove  ail  adhering  water.  The  anhydrous 
sait  was  analysed  : 

0-2056  liberated  1=14-7  ce.  if/10  I.     Cl  as  NCl  =12-67. 
CJH4O4N2CISK  requires  Cl  as  NCl  =  12-9  per  cent. 

The  anhydrous  sait  explodes  with  incandescence  and  déposition  of 
cai'bon  at  about  155°.  Although  the  dry  sait  can  be  heated  on  a 
water-bath  for  a  short  time  without  décomposition,  if  its  solution  in 
caustic  potash  is  heated,  it  darkens  in  colour,  beat  is  evolved,  and  a 
violent  action  occurs,  resulting  in  the  formation  of  a  purple  solution 
from  which  acids  precipitate  tariy  substances  the  nature  of  which  bas 
not  yet  been  determined.  Ail  the  salts  of  the  two  sulphonchloro- 
amides  containing  a  NOg  group  which  bave  been  investigated  behave 
in  this  manner. 

Sodium  nitrohenzene-m.-sulphonchloroamide, 

N02-C6H4-S02Na:NCl,a;(H20), 
crystallises  in  small,  very  pale  yellow  plates.  Thèse,  like  those  of  the 
potassium  sait,  were  too  small  to  be  satisfactorily  dried  by  pressing 
between  paper  in  oi-der  to  détermine  the  water  of  crystallisation.  When 
dried  over  phosphoric  oxide  in  a  vacuum,  they  lose  their  water  of  crys- 
tallisation and  become  opaque,  forming  a  nearly  white,  crystalline 
powder. 

0-2772  liberated  1  =  21-3  ce.  i\710  I.     Cl  as  NCl  =  13-62. 

CgH^O^NgClSNa  requires  Cl  as  NCl  =  13-7  per  cent. 
When  heated  rapidly,  the  dry  sait  explodes  with  incandescence  and 
déposition  of  carbon  at  about  175°* 
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2-N'itrotoluene-p-sulpho7idîchloroa7tiide, 
/\ 

CH3 

This  compound  crystallises  froin  chloroform,  in  which  it  is  mode- 
rately  soluble,  in  very  pale  yellow,  transparent,  four-sided  prisms 
(m.  p.  101°). 

0-3082  liberated  I  =  43-5  ce.  .V/IO  I.     01  as  NCl  =  25-02. 

aSgO^NaCl^S  requires  Cl  as  NC1  =  24-87  per  cent. 

Potassium  2-nitrotoluene-ip-sulphonchloroa7mde, 

C6H3Me(N02)-S02K:NCl,a;(H20), 
crystallises  in  small,  pale  yellow,  transparent  plates,  which  lose  water 
of  crystallisation  and  become   opaque  when   dried  in   a   vacuum  over 
phosphoric  oxide. 

0-2121  liberated  I  =  14-4  ce.  iV^lO  I.     Cl  as  NCl  =  12-03. 
C-HqO^N^SCIK  requires  Cl  as  NC1=  12-27  per  cent. 

The  anhydrous  sait,  when  heated  to  about  160°,  explodes.  The 
sodium  sait  resembles  this  substance  ;  both  behave  like  the  salts  of 
mtrobenzene-??t-sulphonchloroamide  when  heated  with  aqueous  caustic 
alkali. 

Benzene-vci-disulphontetrachloroamide, 
).-NCl2 
\ 
Isn  .Arni 


This  compound  is  easily  soluble  in  chloi'oform  ;  it  crystallises  from 
a  mixture  of  this  solvent  and  light  petroleum  in  colourless,  trans- 
parent rhombs  (m.  p.  128°). 

0-1694  liberated  1  =  36-1  ce.  iV^/10  I.     Cl  as  NC1  =  37-77. 
C6H404N2C14S2  requires  Cl  as  NC1  =  37-91  per  cent. 

When  strongly  heated,  the  melted  substance  explodes  with  a  violence 
recalling  the  explosion  of  nitrogen  chloride  itself,  carbon  being  de- 
posited.  It  readily  dissolves  in  a  warm  solution  of  potassium  or 
sodium  hydroxide,  forming  salts  of  benzene-m-disulphondiehloroamide, 
which,  however,  are  so  soluble  that  they  hâve  not  been  satisfactorily 
isolated. 
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Naphthalene- 1  -sulph  ondich  loroamide, 
SO./NClo 


This  compound  crystallises  from  a  mixture  of  chloroform  and  petrol- 
eum  in  large,  transparent  plates  of  a  pale  yellow  colour  ;  this  colour, 
which  is  more  marked  than  is  usual  in  nitrogen  chlorides  derived  from 
colourless  amides,  appears  to  be  the  real  colour  of  the  compound  and 
not  to  be  due  to  impurity  ;  its  solution  in  chloroform  is  also  much 
deeper  yellow  than  that  of  other  similar  compounds  ;  it  melts  at  91°. 

0-3280  liberated  1  =  47-4  ce.  iY/10  I.     Cl  as  NC1  =  25-61. 
CioH70.^NCl2S  requires  Cl  as  NC1=  25  08  par  cent. 

Potassium  and  sodium  naphthalene-\-sulphonchloroamides  crystallise 
out  in  small,  colourless  plates  when  a  solution  of  the  dichloroamide  in 
warm  caustic  potash  or  soda  is  allowed  to  cool.  When  dried  over 
phosphoric   oxide,  their  composition  is  represented    by    the    formulée 


Najihthalene-l-suljihondichloroamide, 


I         I         f 


SO^-NCl 


is  somewhat  difficult  to  obtain  crystalline  as  it  is  very  soluble  in  ail 
solvents  ;  it  slowly  crystallises  from  light  petroleum  containing  a  very 
little  chloroform  in  thick,  colourless,  transparent  plates  (m.  p.  68°). 

0-3514  liberated  1  =  50-2  ce.  iV/lO  I.     Cl  as  NC1  =  25-32. 
CioH^O.^NCl^S  requires  Cl  as  NCl  =  25-68  per  cent. 

Potassium  naphthalene-i-suljjJionchloroamide,  C]qH7'S02KIN'C1,3H20, 
•which  is  comparatively  sparingly  soluble,  crystallises  in  large,  very 
thin,  transparent,  pearly-white  plates. 

0-3868  liberated  1  =  22-9  ce.  NjlO  I.     Cl  as  NC1=  10-49. 
CioH.O,,NClSK,3H20  requires  Cl  as  NC1=  10-62  per  cent. 

When  dried  for  some  days  over  phosphoric  oxide  in  a  vacuum,  the 
crystals  give  up  their  water  of  crystallisation  and  lose  their  trans- 
parency. 

01873  of  the  anhydrous  sait  liberated  1  =  13-2  ce  N'IQ  1. 
ClasNCl  =  12-49. 

C^oH^OaNClSK  requires  Cl  as  NC1=  12-67  per  cent. 
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When  heated,  the  dry  sait  explodes  feebly  at  about  170°  with 
déposition  of  carbon. 

Sodium  naphthalene-2-sulphonchloroamide,  C,oH7'S02NaINCl,H20,  is 
also  sparingly  soluble  ;  it  crystallises  from  a  solution  of  sodium  hydr- 
oxide  in  large,  pearly-white,  thin,  transparent  plates. 

0-2546  liberated  1  =  17-5  ce.  iV/lO  I.     Cl  as  NC1  =  12-18. 
CioH^O^NClSNajHoO  requires  Cl  as  NC1=  12-58  per  cent. 

On  standing  over  phosphoric  oxide  in  a  vacuum  for  some  days,  the 
water  of  crystallisation  is  lost,  but  the  crystals  change  very  little  in 
appearance. 

0-1392  of  the  anhydrous  sait  liberated  1  =  10-5  ce.  iV/lO  I. 
ClasNCl  =  13-37. 

CjoH-.02lSrClSNa  requires  Cl  as  NC1  =  13-44  per  cent. 

The  dry  sait  does  not  melt,  but  explodes  feebly  at  about   180°  with 
ion  of  carbon. 


Naphthalene-2  : 1 -disulphontetrachlorocmiide, 


Cl^N-OgS,/   Y     |S02-NC1 


This  compound  is  moderately  soluble  in  chloroform  and  crystallises 
from  this  solvent  in  clusters  of  short,  colourless,  transparent  pyramids 
which  melt  at  165°.  The  melted  substance  explodes  with  great 
violence  when  strongly  heated. 

0-2530  liberated  I  =  47-3  ce  NjK)  I.     Cl  as  NCl  =  33-14. 
CioHgO^NgCl^Sg  requires  Cl  as  NCl  =  33-44  per  cent. 

The  potassium  and  sodium  salts  of  naphthalene-2  :  7-disulphondi- 
chloroamide  crystallise  in  long,  colourless,  hair-like  crystals.  When 
dried  over  phosphoric  oxide,  their  composition  is  represented  by  the 
formula  C^oHfi(S02K:NCl)2  and  CioHc(S02N'a:NCl)o.  They  décompose 
explosively  with  the  formation  of  brown,  earthy-looking  powders  at 
about  145 — 150°  and  165—170°  respectively. 

Anthraqxdnone-^-suljjhondichloroamide,  Cj^H^Oo'SOg'NClg,  crystal- 
lises from  chloroform,  in  which  it  is  moderately  soluble,  in  clusters  of 
bright  yellow,  transparent  plates  (m.  p.  177°). 

0-2554  liberated  I  =  28-2  ce.  iV/10  I.     Cl  as  NCl  =  19-57. 
C14H7O4NCI2S  requires  Cl  as  NCl  =  19-91  per  cent. 
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Arylsuljyhonalkylchloroamides. 

Compounds  of  this  nature  are  produced  with  great  readiness  by  the 
action  of  an  aqueous  solution  of  hypochlorous  acid  on  the  sulplionalkyl- 
amides.  They  are  most  conveniently  prepared  by  dissolving  the  corre- 
sponding  sulphonalkylamide  in  chloroform  and  shaking  the  solution 
for  some  minutes  with  a  solution  of  hypochlorous  acid  made  by 
adding  an  excess  of  potassium  hydrogen  carbonate  to  a  Nj\Q  solution 
of  sodium  hypochlorite.  It  is  best  to  shake  finally  for  a  few  minutes 
with  a  fresh  quantity  of  hypochlorous  acid  solution,  then  to  separate, 
dry  the  chloroform  solution  over  fused  calcium  chloride,  and  drive  o£E 
the  solvent  in  a  current  of  air.  The  sulphonalkylchloroamides  are 
left  as  white,  crystalline  solids  or  as  pale  yellow,  viscid  oils, 
which  can  be  made  to  solidify  by  cooling  and  stirring  with  a  little 
light  petroleum.  They  can  be  recrystallised  from  chloroform  or 
petroleum,  or,  as  a  rule,  better  from  a  mixtvire  of  the  two  solvents. 
They  ail  crystallise  particularly  well. 

A  number  of  compounds  derived  from  various  methyl,  ethyl,  propyl, 
and  benzyl  derivatives  of  the  sulphonamides  hâve  been  obtained. 
Those  containing  methyl,  ethyl,  and  propyl  groups  are  comparatively 
stable,  whereas  those  in  which  benzyl  occurs  undergo  spontaneous 
décomposition  after  a  few  hours,  even  when  kept  in  dry  air  ;  chlorine 
and  hydrogen  chloride  are  liberated,  while  an  odour  resembling  that 
of  benzaldehyde  becomes  apparent. 

When  rapidly  heated,  they  ail  décompose  with  évolution  of  gas,  but 
without  explosion. 

Benzenesulphonmethylchloroamide,  CgHg'SOo'NCl'CHj,  crystallises 
from  a  mixture  of  chloroform  and  petroleum  in  colourless,  short 
rhombs  (m.  p.  81°). 

0-4819  liberated  1  =  47-1  ce.  i\7l0  I.     Cl  as  NC1  =  17-32. 
CyHgOgNClS  requires  Cl  as  NC1  =  17-24  per  cent. 

Benzenesulphonethylchloroamide,  C^Hg'SOg'NCl'CoH,,  coloui'less 
plates  (m.  p.  52°). 

0-4248  liberated  1  =  39  ce.  #/10  I.     Cl  as  NC1=  16-27. 

CgHioOgNClS  requires  Cl  as  NCl  =  16-14  per  cent. 

BenzenesulpItonbe7izylchloroamide,  CgHg'SO.^'NCl'CHg'CgHj,  colour- 
less, slender  prisms  (m.  p.  109°). 

0-3042  liberated  1  =  21-5  ce.  iVVlO  I.     Cl  as  NCl  =  12-53. 
C^isHiaOgNClS  requires  Cl  as  NCl  =  12-59  per  cent. 

This  substance  is  comparatively  unstable  ;  on  keeping  in  a  desiccator 
over  phosphoric  oxide,  it  slowly  decomposed,  giving  off  chlorine  and 
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hydrogen  chloride,  while  a  strong  odoui*  resembling  that  of  benzaldehyde 
was  noted.  In  two  days,  the  percentage  of  Cl  as  NCl  fell  to  11 '60  per 
cent. 

Toluene-f-sulphonmethylchlorocwiideyCK^'CgH^'^O.^'l^^Cl'Cîi^yCrystal- 
lises  in  colourless  prisms  which  melt  at  82°. 

0-4530  liberated  1  =  41-5  ce.  i\^/10  I.     Cl  as  N"C1=  16-24. 
CgHjoOgNClS  requires  Cl  as  NC1=  16-14  per  cent. 

Toluene-'^-sulphonethylchloroamide,  C Hg'CgïI^'SOg'NCl'CgHg,  crystal- 
lises  in  colourless,  six-sided  plates  (m.  p.  86°). 

0-4862  liberated  I  =  41  -8  ce.  iV^/10  I.     Cl  as  NCl  =  15-24. 
C9Hi202NC)lS  requires  Cl  as  N"C1  =  15-17  per  cent. 

Toluene-'p-suljjhonpropylchloroajnide,  CHg'CgH^'SOg'NCl'CgH^,  is 
vex-y  readily  soluble  in  chloroform  and  in  liglit  petroleum  ;  it  crystal- 
lises  in  colourless  plates  (m.  p.  58°). 

0-5844  liberated  1  =  46  ce.  iV^/10  I.     Cl  as  NC1  =  13-95. 

^loHiANClS  requires  Cl  as  NCl  =  14-31  per  cent. 

Toluene-ip-sulpho7ibenzylamide ,  CHg •  CgH^ •  SOg" NH •  CHg •  CgHg. 

This  and  a  number  of  similar  compounds  not  bitherto  described  hâve 
been  prepared  by  adding  the  calculated  quantity  of  the  aminé,  either 
anhydrous  or  in  aqueous  solution,  to  the  sulphonic  chloride,  either 
solid  or  dissolved  in  ether  or  chloroform.  Vigorous  action  as  a  rule 
took  place  and  much  beat  was  generated.  After  standing  for  some 
hovirs  to  complète  the  action,  the  calculated  quantity  of  potassium 
hydrogen  carbonate  dissolved  in  water  was  added,  the  whole  being 
finally  warmed  for  a  time  on  the  water-bath.  The  solid  thus  obtained 
was  then  recrystallised,  except  when  otherwise  stated,  from  alcohol. 

Toluene-j(;-sulphonbenzylamide  crystallises  in  colourless,  transparent, 
six-sided  prisms  terminated  by  pyramids  (m.  p.  116°). 

Toluene-T^-suljihonhenzylchloroamide,  CH3'CgH4*S02*NCl'CH2*CgH5. 
This  compound  crystallises  in  colourless,  six-sided  plates  (m.  p.  136°). 

0-3359  liberated  I  =  22-8  ce  NjlO  I.     Cl  as  NCl  -  12-03. 
C14H1ANCIS  requires  Cl  as  NCl-  11-99  per  cent. 

Nitrohenzene-Toa-sulphonmethylamide,  N02'CgH4'S02*NH*CH3,  very 
pale  yellow,  flattened  prisms  (m.  p.  125°). 
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Nitrohenzene-vQ.-sulphoninethylGhloroamide, 
SOo-NCl-CHg 
/\ 

l    Jno, 


'2 

forms  pale  yellow,  transparent,  four-sided  plates  (m.  p.  136°). 

0-3958  liberated  I  =  31-6  ce.  iY/lO  I.     Cl  as  NCl  =  14-1.5. 
aH.O^NaClS  requires  Cl  as  NC1  =  1414  per  cent. 

Nitrobenzene-m-sulphonethylamide,  NOg'CgH^'SOg'NH'CgHg,  small, 
colourless  plates  with  a  faint  tinge  of  yellow  (m.  p.  81°). 

Nitrohenzene-m-sulphonethylddoroamide,  NO.^'CgH^'SOg'NCl'CoHg, 
forms  large,  very  pale  yellow,  four-sided  plates  (m.  p.  84°). 

0-5097  liberated  1  =  38-7  ce.  ;\710  I.     Cl  as  NC1  =  13-45. 
CgHgO^NgClS  requires  Cl  as  NC1=  13-39  per  cent. 

Nitrohenzene-Tn.-sul2}honhenzylamide,     NOg'CgH^'SOo'NH'CHg'CgHg, 
colourless  plates  with  a  faint  tinge  of  yellow  (m.  p.  101°). 
Nitrohenzene-ïo.-sulphonbenzijlchloroa'niide, 

NOg-CgH^-SO^-NCl-CHg-CgHs, 
crystallises  from  chloroform,  in  whicli  it  is  moderately  soluble,  in  colour- 
less, slender  prisms  with  the  faintest  perceptible  yellow  tint  (m.  p. 
142°). 

0-4280  liberated  1  =  26-3  ce  i\^/10  I.     Cl  as  NC1=  10-89. 
CisHnO^NgClS  requires  Cl  as  NC1  =  10-85  per  cent. 

2-Nitrotoluene--ç-sul2)hon')nethylainide,  NOg'CgHgMe'SOg'NH'CHg, 
very  pale  yellow  prisms  (m.  p.  93°). 

2-Nitrotoluene-'ç-sulphonviethylchloroamide, 
SO./NCl-CH, 


I       It 


CH3 

crystallises  from  chloroform,  in  which  it  is  moderately  soluble,  in  very 
pale  yellow,  transparent,  four-sided  prisms  (m.  p.  90°). 

0-3160  liberated  1  =  23-8  ce  iY/lO  I.     Cl  as  NC1=  13-35. 
CgHgO^NgClS  requires  Cl  as  NC1  =  13-39  per  cent. 

2-Nitrotoluene-T^-sulphonethylamide, 
short,  thick,  very  pale  yellow  prisms  (m.  p.  87°). 

'2-Nitrotoluene-'ç-sulphonethylchloroamide, 

N02-C6H3Me-S02-NCl-C2H„ 
crystallises  in  pale  yellow,  four-sided  plates  (m.  p.  76°). 
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0-4192  liberated  1  =  30-2  ce.  N/IO  I.     Cl  as  NC1=  12-77. 
C^H^^O^NoClS  requires  Cl  as  NC1  =  12-72  per  cent. 

2-Nitrotoluene-'ç-sulphonhenzylamide, 

N02-C6H3Me-SO./NH-CHo-CeH5, 
slender,  colourless  plates  witli  the  faiutest  possible  yellow  colour  (m.  p. 
94°). 

2-Nitrotolue7ie--p-sîdphonbenzylc/doroamide, 

NO/C6H3Me-SO./NCl-CH2-C^H5, 
crystallises  from  chloi-oform,  in  wliich  it  is  moderately  soluble,  in  slender, 
flattened  prisms,  almost  colourless,   but  with  the  faintest  perceptible 
shade  of  yellow  (m.  p.  144°). 

0-3525  liberated  I  =  20-8  ce.  i\^/10  I.     Cl  as  NCl  =  10-46. 
C14HJ3O4K2CIS  requires  Cl  as  NC1=  10-40  per  cent. 

Benzene-vn-disuljJihon-s-dimethylamide,    CgH^(S02'NH"CH3)o,     small, 
colourless  plates  (m.  p.  132°). 


Benzene-i\\-disul2)hon-?,-dimeth7jldichloroamide, 
SC/NCl-CEg 


crystallises  from  chloroform,  in  which  it  is  sparingly  soluble,  in  colour- 
less, transparent  prisms  (m.  p.  135°). 

0-3776  liberated  1  =  45-3  ce.  iV/10  I.     Cl  as  NC1  =  21-26. 

CgHjoO^NgCloSo  requires  Cl  as  XC1  =  21-28  per  cent. 

When  heated  rapidly  above  its  melting  point,  it  décomposes  violently 
with  blackening. 

Naphthalene-l-sulpJioymiethylamide,  C^QH-'SO./NH'CHg,  small,  colour- 
less plates  (m.  p.  137°). 

Nap)hthalene-\-sidj)honmethyhhloroamide,  C,(,H-'S0.3'NC1'CH3,  is  very 
easily  soluble  in  chloroform  ;  it  cryst?>llises  from  a  mixture  of  chloro- 
form and  light  petroleum  in  transparent,  short,  colourless,  six-sided 
prisms  (m.  p.  78°). 

0-3412  liberated  1  =  25-9  ce  iV^/10  I.     Cl  as  NC1=  13-45. 
Ci^HjoO^NClS  requires  Cl  as  NC1=  13-^6  per  cent. 

Naphthalene-1-sulphonethylamide,    C^oH.i-'S0.2"NH'C2H5,    very    pale 

yellow,  thick  plates  (m.  p.  93°). 

Xaplithalene-l-sulphonethylchloroamide,  CjoH^'SOg'NCl'CoHg,  crystal- 
lises in  glittering,  transparent,  very  pale  yellow,  short  prisms  termin- 
ated  by  pyramids  (m.  p.  77°). 
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0-4602  liberated  I  =  34-1  ce.  iV/10  I.     Cl  as  NOl  =  13-13 
C12H12O2NCIS  requires  Cl  as  NC1=  13-14  per  cent. 

Naphthalene-l-sulphonhenzylamide,  CjoHy'SOg'NH'CHg'CgHj,  pale 
yellow,  six-sided  prisms  (m.  p.  137°). 

Naphthalene-l-sulphonbenzylchloroamide,  CjoH^'SOg'NCl'CHg'CgHj, 
crystallises  in  short,  very  pale  yellow  prisms  (m.  p.  94°). 

0-3534  liberated  1  =  21-3  ce.  iV/10  I.     Cl  as  NC1=  10-68. 
C^^H^^OgNClS  requires  Cl  as  NC1=  10-69  per  cent. 

NajMhalene-l-suljihonmethylamide,  C^oHi^'SOg'NH'CHg,  thin,  colour- 
less  plates  (m.  p.  111°). 

Naphtlialene-l-sulphonmethylchloroamide,  C^oHv'SOg'NCl'CHj,  crys- 
tallises in  short,  colourless  prisms  (m.  p.  91°). 

0-3012  liberated  I  =  23-1  ce  NjK)  I.     Cl  as  Î^Cl  =  13-59. 
CuHioO^NClS  requires  Cl  as  NC1  =  13-86  per  cent. 

Najjhthaleoie-'i-sulphonpropylamide,  Q^^>;'^0.2''^lS-'0^^,  colourless, 
pearly,  thin,  transparent  plates  (m.  p.  77°). 

Naphthalene-2-sulphonpropylchloroamide,  C^oHT'SOg'NCl'CgH^,  crys- 
tallises in  clusters  of  glittering,  transparent,  colourless  plates  (m.  p. 
86°). 

0-3731  liberated  1  =  26-3  ce.  i\^/10  I.     Cl  as  NC1  =  12-49. 
C13H1  A^CIS  requires  Cl  as  NCl  =  12-49  per  cent. 

Naphthalene-2-sulphonhenzylamide,  CjoH^'SOo'NH'CHj'CgHg,  is 
readily  soluble  in  ehloroform,  and  on  adding  light  petroleum  crystal- 
lises in  small,  colourless  plates  (m.  p.  124°), 

Naphthalene-2-sulj)honbenzylchloroamide,  CjoH^'SO^'NCl'CHg'CgHj, 
crystallises  in  clusters  of  glittering,  transparent,  very  pale  yellow 
plates  (m.  p.  117°). 

0-4394  liberated  I  =  25-7  ce  iV^/10  I.     Cl  as  NCl  =  10-37. 
Cj.HiANClS  requires  Cl  as  NCl  =  10-69  per  cent. 

The  sulphondichloroamides  and  the  sulphonalkylchloroamides  are 
being  f  urther  studied  as  they  are  very  reactive  and,  being  easily  soluble 
and  very  stable,  promise  to  be  of  considérable  value  in  organic  synthèses. 
Moreover,  the  sulphondichloroamides  are  so  readily  prepared  and 
analysed,  and  the  ease  with  which  they  crystallise  is  so  much  affeeted 
by  admixture,  that  they  should  prove  of  considérable  use  in  the 
investigation  of  sulphonic  acids. 
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II.  Sulj)hondihromoamides   and   Sulphonalkylbromoamides. 

Benzenesulphondibromoamide, 
SOg-NBra 
/\ 

!      I 
\/ 

This  compound  was  first  prepared  by  Hoogewerff  and  van  Dorp 
{Rec.  Trav.  Chim.,  1877,  6,  373)  by  dissolving  benzenesulphonamide  in 
an  excess  of  alkaline  hypobromite  and  adding  acetic  acid  ;  a  yield  of 
about  60  per  cent,  of  the  theoretical  was  obtained.  It  can  be  obtained 
with  much  greater  ease  and  in  theoretical  amount  by  the  action  of 
hypobromous  acid  on  benzenesulphonamide.  The  best  method  of  pro- 
cédure is  described  later.  The  compound  can  be  obtained  perfectly 
pure,  melting  at  116°,  by  one  crystallisation  from  chloroform.  A 
spécimen  so  prepared  gave  the  following  numbers  on  analysis  : 

0-3874  liberated  1  =  49-2  ce.  ^Y/10  I.     Br  as  ]SrBr  =  50-77. 
CgHjOgTSTBrgS  requires  Br  as  NBr  =  50-76  per  cent. 

This  and  other  similar  sulphondibromoamides  are  far  more  stable 
towards  hydrolysing  agents  than  is  usually  the  case  among  nitrogen 
bromides.  Two  grams  of  benzenesulphondibromoamide  were  dissolved  in 
50  ce.  of  90  per  cent,  acetic  acid  and  the#olution  gently  boiled  for  four 
hours,  during  which  time  bromine  vapour  was  very  slowly  evolved.  The 
solution  remained  yellow  after  standing  at  the  ordinary  température 
for  three  days,  and  on  diluting  with  water  about  half  a  gram  of  pui-e 
dibromoamide  separated  out,  the  more  soluble  benzenesulphonamide 
remaining  in  solution.  Similarly,  on  boiling  2  grams  of  the  compound 
with  half  a  litre  of  water,  the  melted  substance,  which  at  first  remained 
largely  undissolved  as  a  heavy  oil,  slowly  dissolved,  while  a  vapour  was 
given  oiï  which  turned  starch  paper  moistened  with  potassium  iodide 
blue.  After  four  hours'  boiling,  the  liquid  was  still  yellow,  and  slowly 
deposited  about  0-4  gram  of  pure  dibromoamide,  which  crystallised  out 
in  large,  transparent,  yellow  plates. 

Toltiene--ç-sulphondihromoamide, 
S02-NBr2 

/\ 

II. 


This  compound  was  prepared  by  the  action  of  an  aqueous  solution 
of    hypobromous    acid    on    toluene-jo-sulphonamide.      The    following 
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procédure  was  adopted  in  the  préparation  of  this  and  other  similar 
compounds  described  in  this  paper.  The  finely-powdered  sulphonamide 
was  added  to  a  well  cooled  solution  of  hypobromous  acid  *  containing 
about  twice  the  theoretical  quantity  of  the  h^tter  and  shaken  together 
for  some  minutes  in  a  large  separating  funnel  ;  a  quantity  of  chloroform, 
sufficient  to  dissolve  the  sulphondibromoamide,  was  then  added  and  the 
shaking  continued  for  a  few  minutes.  To  eusure  the  absence  of  un- 
changed  sulphonamide,  the  chloroform  solution  was  again  shaken  for 
a  short  time  with  a  further  small  quar^ity  of  freshly  made  hypobrom- 
ous acid  solution.  The  chloroform  solution,  after  séparation  and  drying 
over  fused  calcium  chloride,  deposited  the  sulphondibromoamide  in 
yellovv  crystals  on  driving  off  the  sol  vent  in  a  current  of  air.  The 
yield  is  theoretical.  The  compound  crystallises  from  chloroform,  in 
which  it  is  moderately  soluble,  in  transparent,  orange-coloured  plates 
(m.  p.  104°). 

0-3192  liberated  I  =  38'8  ce.  iY/10  I.     Br  as  NBr  =  48-59. 
aHyOgNBrgS  requires  Br  as  NBr  =  48-59  per  cent. 

When  the  melted  substance  is  heated  rapidly,  it  décomposes  ex- 
plosively,  liberating  bromine  and  toluene-jt?-sulphonic  bromide. 

Potassium  toluene-'ç-sulphonhromoamide,  CH3'CgH4*S02KINBr,2H20. 

This  sait  can  be  obtained  either  directly  fi^om  the  sulphonamide  by 
dissolving  it  in  a  warm  solution  of  potassium  hydroxide,  adding  the 
theoretical  quantity  of  bromine,  and  cooling,  or,  more  easily,  by  dissolv- 
ing finely-powdered  toluene-/>-sulphondibromoamide  in  a  warm  20  per 
cent,  solution  of  potassium  hydroxide  and  allowing  the  bright  yellow 
solution  to  cool.  The  potassium  sait  then  crystallises  ont  in  beautiful, 
transparent,  pale  yellow,  six-sided  plates  containing  2  molécules  of 
water  of  crystallisation. 

0-5242  liberated  1  =  32-2  ce.  lY/lO  I.     Br  as  NBr  =  24-56. 
C7H702N'BrSK,2H20  requires  Br  as  NBr- 24-65  per  cent. 

When  kept  for  some  days  over  phosphoric  oxide  in  a  vacuum,  the 
crystals  lose  their  water  of  crystallisation  and  become  opaque.  The 
water  is  also  lost  when  the  sait  is  heated  nearly  to  100°. 

0-4201  of  the  anhydrous  sait  liberated  1  =  29-1  ce  iY/lO  I. 
Br  as  NBr  =  27-69. 

CyHyOgNBrSK  requires  Br  as  NBr  =  27*74  per  cent. 

When  heated,  the  dry  sait  does  not  melt,  but  décomposes  with  a 
feeble  explosion  at  about  145 — 150°. 

*  This  solution  was  made  by  shaking  bromine  with  precipitated  mercuiic  oxide 
suspended  in  water. 
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Sodium  toluene-T^-sulj)honhromoamide,  CHg'CgH^'SOoNalNBrjSHqO. 

This  compound,  like  the  potassium  sait,  can  either  be  obtained  by  add- 
ing  bromine  to  a  solution  of  the  sulphonamide  in  sodium  hydroxide  or  by 
dissolving  the  sulphondibromoamide  in  a  warm  20  per  cent,  solution 
of  sodium  hydroxide.  It  séparâtes  from  the  warm  alkaline  solution  in 
long,  transparent,  pale  yellow,  fiattened  prisms,  which  contain  3  molé- 
cules of  water  of  crystallisation. 

0-4437  liberated  1  =  273  ce.  ^V/10  I.     Br  as  NBr  =  24-60. 
C7H70.3NBrSNa,3H20  requires  Br  as  NBr  =  24-51  per  cent. 

When  dried  over  phosphoric  oxide  in  a  vacuum  or  at  100°,  it  loses 
its  water  of  crystallisation,  and  the  crystals,  while  retaining  their  out- 
ward  shape,  become  opaque. 

0-4094  of  the  anhydrous  sait  liberated  1  =  30-1  ce.  /V/10  I. 
Br  as  NBr  =  29-39. 

C^H.O.^NBrSNa  requires  Br  as  NBr  =  29-38  per  cent. 

When  heated.  the  anhydrons  sait  does  not  melt,  but  décomposes 
with  a  feeble  explosion  at  about  145 — 150°. 


Toluene-o-sid2yhondihromoainide, 
SO^-NBr., 


This  substance  was  prepared  exactly  as  the  para-derivative  ;  it  is 
readily  soluble  in  chloroform  and  very  slightly  in  petroleum.  When 
dissolved  in  warm  chloroform  and  a  little  warm  light  petroleum  added, 
it  séparâtes,  on  cooling,  in  transparent,  orange-coloured,  four-sided 
rhombic  plates  (m.  p.  80°). 

0-5444  liberated  I  =  66-2  ce  iV/lO  I.     Br  as  NBr  =  48-62. 
CyH^OoNBraS  requires  Br  as  NBr  =  48-59  per  cent. 

When  heated  rapidly  above  its  melting  point,  it  décomposes 
explosively. 

Potassium  toluene-o-sulphonhromoamide,  CH3'CgH^-S02KINBr,H20, 
was  prepared  from  a  20  per  cent,  solution  of  potassium  hydroxide  ;  it 
crystallises  in  pale  yellow,  six-sided  plates. 

0-3370  liberated  1  =  21-9  ce  NjlO  I.     Br  as  NBr  =  25-98. 

0-2427,  when  dried  for  6  days  over  phosphoric  oxide  in  a   vacuum, 
lest  0-0135  H2O.     HgO  =  5-56. 
C7H70.3NBrSK,H20  reqiures  Br  as  NBr  =  26-1 1.    HgO  =  5-88  per  cent. 
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When  the  dry  sait  is  lieated,  it  décomposes  at  about  130 — 135°. 

Sodium  toluene-o-sul])honbromoamide,  CH3*CgH^'S02NaINBr,H,,0, 
was  prepared  from  a  20  par  cent,  solution  of  sodium  hydroxide  ;  it 
crystallises  in  long,  slender,  pale  yellow,  flattened  prisms. 

0-1908  liberated  1  =  12-9  ce.  iV/10  I.     Br  as  NBr  =  27-03. 
C^H^OaNBrSNajHgO  requires  Br  as  NBr  =  27-55  par  cent. 

This  sait  loses  its  water  of  crystallisation  with  extrême  slowness 
over  phosphoric  oxide,  but  on  haating  at  100°  water  is  driven  ofï, 
although  the  sait  also  suffers  a  slight  décomposition,  as  thèse  bromo- 
derivatives  are  not  so  stable  as  the  salts  of  the  chloroamides. 

0-3210,  when  haated  at  100°  for  2  hours,  lost  0-0247  H.p.  ÏÏ20  =  7-69. 
C^HyOgKBrSNa.HaO  requires  H20  =  6-21  per  cent." 

When  heatad,  the  anhydrous  sait  does  not  malt,  but  décomposes 
explosively  at  about  135 — 140°. 

Nitrobenzene-m-sitlphondibromoamide, 


In  the  préparation  of  this  compound.  a  large  quantity  of  chloroform 
must  be  used  on  account  of  its  sparing  solubility.  If  a  small  quantity 
only  of  the  solvant  is  used,  the  greater  part  of  the  dibromoamide 
remains  undissolvad.  It  is  modarataly  solubla  in  boiling  chloroform 
and  crystallises  from  the  solvant  in  transparant,  orange  rhombs,  which 
melt  at  about  157°  with  some  décomposition,  the  melted  substance 
reddening  and  evolving  some  gas.  When  rapidly  heated  to  a  high 
température,  as  by  placing  a  small  quantity  in  a  melting-point  tube 
into  a  flame,  it  décomposes  explosively. 

0-4382  liberated  1  =  48-6  ce.  .^710  I.     Br  as  NBr  =  44-34. 
CgH^O^N^BrgS  requires  Br  as  NBr  =  44-41  percent. 

When  warmed  with  solutions  of  potassium  and  sodium  hydroxides, 
it  dissolves,  forming  salts  which  crystallise  out,  on  cooling  the  solutions, 
in  pale  yellow,  glittaring  plates  containing  water  of  crystallisation. 
When  anhydrous,  they  hâve  the  compositionN02*CgIl4*S0.3[K,N"a]I]S'Br, 
and  décompose  explosively  when  heated. 
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2-Nitrotoluene-T^-sulphondibromoamide, 
SOg-NBr, 
/\ 

CH3 

This  dibromoamide  was  prepared  exactly  as  the  preceding  compound, 
which  it  closely  resembles  in  solubility  and  properties.  It  crystallises 
from  boiling  chloroform,  in  wtiich  it  is  sparingly  soluble,  in  short, 
orange-coloured,  fovir-sided,  transparent  prisms  ;  thèse  melt  with 
décomposition  at  142 — 143"^. 

0'8035  liberated  1  =  85-4  ce.  NjlO  I.     Br  as  NBr  =  42-49. 
CyH^jO^NoBrgS  requires  Br  as  NBr  =  42-74  per  cent. 

When  heated  quickly  to  a  high  température,  it  décomposes  explo- 
sively  ;  it  dissolves  in  a  solution  of  sodivim  or  potassium  hydroxide, 
forming  salts  of  the  monobromoamide,  which  crystallise  in  pale  yellow 


Benzene-Ta-disulphontetrabromoamide,  CgH^(S02*IS'Br2)2. 

This  compound  was  tirst  prepared  with  some  difficulty  by  Hooge- 
werff  and  van  Dorp  {Rec.  Trav.  Chim.,  1889,  8,  173)  by  adding  a  dilute 
solution  of  silver  nitrate  to  a  complex  sait,  which  they  obtained  as  a 
yellow  precipitate  on  adding  acetic  acid  to  a  solution  of  benzene-r/i-di- 
sulphonamide  in  alkaline  potassium  hypobromite.  It  also  can  be 
prepared  quantitatively  and  with  the  greatest  ease  by  the  action  of  a 
solution  of  hypobromous  acid  on  the  amide.  On  adding  a  saturated 
aqueous  solution  of  benzene-î?i-disulphonamide  to  an  excess  of  a  well 
cooled  solution  of  hypobromous  acid,  benzene-î/i-disuiphontetrabromo- 
amide  séparâtes  almost  at  once  as  an  orange-yellow,  crystalline  powder, 
which  can  be  filtered  off,  washed,  and  dried,  first  by  pressing  between 
filter  paper,  and  finally  over  phosphoric  oxide  in  a  vacuvim.  The 
following  analysis  of  a  spécimen  so  prepared  shows  that  it  is  perfectly 
pure. 

0-3370  liberated  I  =  48-8  .\710  I.     Br  as  NBr  =  57-89. 

CgH^O^N^Br^So  requires  Br  as  NBr  =  57-93  per  cent, 

The  compound  may  be  recrystallised  from  chloroform,  in  which  it  is 
sparingly  soluble. 


N   2 


168  chaïtaway:  nitrogen  halogen 

Naphthalene-2-sulphondihroinoainide, 


This  compound  crystallises  from  warm  chloroform,  on  adding  a  little 
light  petroleum,  in  deep  orange-coloured,  four-sided  plates.  It  melts 
with  décomposition  and  évolution  of  gas  at  90 — 95°, 

0-3550  liberated  I  =  38-6  ce.  XjlO  I.     Br  as  NBr  =  43-47, 
C^oHyOgNBrgS  requires  Br  as  NBr  =  43-80  per  cent. 

It  dissolves  in  warm  solutions  of  potassium  and  sodium  hydroxides, 
forming  salts  of  the  monobromoamide  which  crystallise  in  small,  pale 
yellow  plates. 

Arylsulphonalkylhromoamides. 

The  sulphonalkylbromoamides  are  very  easily  prepared  by  shak- 
ing  a  chloroform  solution  of  the  sulphonalkylamide  with  an  excess 
of  an  aqueous  solution  of  hypobromous  acid  and  proceeding  as  before 
described.  The  présence  of  free  bromine  is  best  avoided,  and  when 
preparing  compounds  containing  ethyl  or  benzyl  a  little  precipi- 
tated  mercui'ic  oxide  may  with  advantage  be  added  to  the  solution  of 
hypobromous  acid,  the  chloroform  solution  of  the  bromoamide  being 
filtered  from  this  at  the  pump  previous  to  separating  and  drying. 
It  is  also  generally  advi sable  to  ensure  the  complète  conver- 
sion of  the  amide  by  shaking  a  second  time  for  a  few  minutes  with 
freshly  prepared  hypobromous  acid.  A  number  of  typical  compounds 
hâve  been  prepared.  The  methyl  compounds  are  the  most  stable  and 
may  be  kept  for  a  long  time  unchanged  ;  the  benzyl  derivatives,  on 
the  other  hand,  rapidly  décompose,  even  over  phosphoric  oxide,  and 
when  light  is  excluded.  On  heating  strongly  above  their  melting 
points,  they  ail  décompose  with  reddening  and  évolution  of  gas. 

Benzenesulphonmethylbromoamide,  CgHj'SOo'NBr'CHg. — This  com- 
pound is  sparingly  soluble  in  chloroform  ;  it  crystallises  in  beautifully 
brilliant,  transparent,  pale  yellow  plates,  which  appear  to  be  flattened 
rhombs  (m,  p.  107°). 

0-5338  liberated  1  =  42-7  ce.  iV/10  I.     Br  as  NBr  =  31-98. 
CyHgO^NBrS  requires  Br  as  NBr  =  31 -97  per  cent. 

Benzeiiesulphonbenzylbromoamide,  CgH5*S02*NBr*CH2'CgH5. — This 
compound  crystallises  in  clusters  of  very  pale  yellow,  four-sided  prisms 
(m.  p.  104°).  On  heating  above  its  melting  point,  it  décomposes  with 
reddening  and  effervescence  at  about  140°. 
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0-3805  liberated  I  =  23-4  ce.  iV/lO  I.     Br  as  NBr  =  24-59. 
CigH^oO^NErS  requires  Br  as  NBr  =  24-52  per  cent. 

It  slowly  décomposes,  even  when  kept  excluded  from  the  light  in  a 
dry  atmosphère.  To  gain  a  rough  idea  of  the  rapidity  of  this  change, 
a  quantity  of  the  pure  compound  was  placed  in  a  desiccator  over  phos- 
phoric  oxide.  After  two  days,  it  had  obviously  slightly  decomposed,  a 
smell  resembling  benzaldehyde  was  noticed,  and  on  analysis  the 
percentage  of  Br  as  NBr  was  found  to  be  24-05  per  cent. 

Toluene-T^-sulphonmethylbromoamide,  CHg-CgH^-SOg'NBr'CH^. — This 
compound  crystallises  from  warm  chloroform  on  adding  a  little 
petroleum  in  pale  yellow,  apparently  foui'-sided  prisms  (m.  p.  112°). 
When  heated  above  its  melting  point,  it  décomposes  with  reddening 
and  effervescence  at  about  160°. 

0-4810  liberated  1  =  36  6  ce.  ^V/10  I.     Br  as  NBr  =  30-42. 
CgH^o^^iNErS  requires  Br  as  NBr  =  30-27  per  cent. 

Toluene--ç-sul2}honethylbromoamide,  CHg-CgH^'SOg'NBr-CgHg. — This 
compound  crystallises  in  bright  yellow,  glittering,  transparent,  four- 
sided  prisms  (m.  p.  113°).  On  heating  further,  it  décomposes  with 
reddening  and  évolution  of  gas  at  about  150°. 

0-4856  liberated  I  =  35-1  ce  NjlQ  I.     Br  as  NBr  =  28-89. 
C3Hi202NBrS  requires  Br  as  NBr  =  28-74  per  cent. 

Toluene-^-sulpkonherizylhromoamide,  CHg'CgH^'SOg'NBr'CHg'CgHg. 
— This  compound  forms  clusters  of  transparent,  four-sided,  rhombic 
plates,  having  an  exceedingly  pale  yellow  colour  ;  its  solution  in 
chloroform  is,  however,  distinctly  yellow.  It  melts  at  149°.  On  heat- 
ing a  few  degrees  higher  to  about  156°,  it  décomposes  with  redden- 
ing and  évolution  of  gas. 

0-6705  liberated  1  =  39-4  ce  xV/lO  1.     Br  as  NBr=  23-49. 
Cj^Hj^OoNBrS  requires  Br  as  NBr  =  23-50  per  cent. 

Nitrohenzene-m.-sulphonmet]Lylhroinoamide, 
SOg-NBr-CHg 

— This  compound  crystallises  from  chloroform,  in  which  it  is  moderately 
soluble,  in  transparent,  pale  yellow,  four-sided  rhombic  plates  (m.  p. 
149°).  When  heated  strongly,  it  décomposes  with  reddening  and 
évolution  of  gas  about  180°, 

0-4923  liberated  I  =  33-2  ce  iV/'lO  I.     Br  as  NBr  =  26-96. 
CyH.O^NaBrS  requires  Br  as  NBr  =  27  09  per  cent. 
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Nitrohemene-XQ.-sulphonbenzylhrovioamide, 

NOg-CgH^-SO./NBr-CHg-C^Hg. 
— This  compound  is  moderately  soluble  in  warm  chloroform,  forming  a 
distinctly  yellow  solution,  from  wbich  it  crystallises  in  clusters  of  very 
slender  prisms  having  a  faint  yellow  coloiir  ;  it  melts  at  147°. 

0-3959  liberated  1  =  21 '4  ce.  iV710  I.     Br  as  NBr  =  21-61. 
CjgHj^O^NgBrS  reqiiires  Br  as  NBr  =  21-54  per  cent. 


^-Nitrotoluene-'p-suljjhonmethylhromoaviide, 
SOo-NBr-CHg 


NO 

CHg 

— Tins  substance  crystallises  from  warm  cbloroform,  in  which  it  is 
moderately  soluble,  in  yellow,  transparent,  sboi-t,  six-sided  prisms  ;  it 
melts  at  117°.  When  lieated  furtlier  it  darkens,  becomes  red,  and 
décomposes  witli  évolution  of  gas  at  about  180°,  as  does  also  the  ethyl 
compound. 

0-5158  liberated  1  =  33-2  ce.  iV/10  I.     Br  as  NBr  =  25-73. 
CgHgO^NgBrS  requires  Br  as  NBr  =  25-86  per  cent. 

'2-Nitrotoluene--ç-sulj)honethylhTovioamide, 

NOg-CgHgMe-SOo-NBr-C.H^. 
— This  compound    crystallises  in  glittering,  transparent,  pale  yellow 
rhombs  (m.  p.  96°). 

0-5774  liberated  1  =  35-9  ce  i\^/10  I.     Br  as  NBr  =  24-86. 
CgH^iO^NoBrS  requires  Br  as  N"Br  =  24-74  per  cent. 

'2-Nitrotoluene--ç-sidphonhenzylhromoamide, 

NO,-CgH3Me'SOo-NBr-CH2-C,H5. 
— This    compound    crystallises  from    chloroform,  in  which  it  is  only 
sparingly  soluble,  in  clusters  of  extremely  slender,  flattened  prisms, 
having  a  very  faint  yellow  colour  (m.  p.  151°). 

0-4421  liberated  1  =  23-]  ce  iV/10  I.     Br  as  ]SrBr  =  20-89. 
Cj^Hj^O^NgBrS  requires  Br  as  NBr  =  20-76  per  cent. 
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Benzene-m.-disulphon-s,-dhnethyldihromoaviide, 


I        ]S0,-NBr-CH„ 


— This  compound  crystallises  froin  chloi'oform,  in  which  it  is  sparingly 
soluble,  in  very  pale  yellow,  four-sided  plates. 

0-3744  liberated  I  =  35-3  ce.  NjlO  I.     Br  as  NBr  =  37-69. 
Csïï^oO^NgBroS.^  requires  Br  as  NBr  =  37-87  per  cent. 

It  melts  at  176°  with  sliglit  reddening  ;  if  maintained  at  this 
température  for  a  few  seconds,  or  lieated  a  few  degrees  highei',  it 
décomposes,  becoming  deop  red  in  colour  and  liberating  bubbles  of 
gas. 

Varions  reactions  of  the  sulphondibromoamides  and  of  the  sulphon- 
alkylbromoamides  are  being  studied. 

The  author's  thanks  are  due  to  the  Government  Grant  Oommittee 
of  the  Royal  Society  for  a  grant  in  aid  of  the  work  described  in  this 
paper,  and  to  A.  Gordon  Salamon,  Esq.,  for  the  gift  of  a  large  quan- 
tity  of  pure  toluene-o-  and  -p-sulphonic  chlorides. 

St.  Baui'Holomew's  Hosi-ital  and  Collège,  E.C. 


XX. — Theory  of  the    Production   of  Mercurous  Nitrite 
and  of  its  Conversion  into  Varions  Mercury  Nitrates. 

By  Peafulla  Chandra  Rây. 

When  mercury  and  dilute  nitric  acid  are  left  together  for  a  long  time, 
the  foUowing  salts  may  f orm  :  (1)  Hg.(N02)2,  (2)  Hg(NOo)o,  (3) 
Hg,(N03),,2H,0.  (4)  HO-Hg^NOg,  (5)  Hg;(NO,)2,ÏÏO-ïïg2N03,"  " 

(6)  Hgo(N03).„4HO'Hg2N03, 
(7)  HgO,2HO-Hg2N03,  (8)  HgO,HO-HgN03,HO-Hg2N03, 

(9)  Hg(N03)2,aq., 
(10)  HO'HgNOa.  Some  of  thèse  hâve  not,  indeed,  been  isolated  in 
this  way,  but  doubtless  exist  in  the  solution.  Analyses  of  the  mother 
liquors  of  mercurous  nitrite  (1)  and  of  the  hydroxy-mercurosic  nitrates 
(7  and  8)  indicate  that,  throughout  the  successive  production  of  the 
salts   just  enumerated,  it  is  mercurous  nitrite  which  gives  rise  to  the 
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production  of,  first,  normal  mercurous  nitrate  (3),  then  the  hydroxy- 
mercurous  salts  (4,  5  and  6),  and,  lastly,  tlie  mercurosic  (7  and  8) 
and  mercuric  salts  (9  and  10). 

(1)  Mercurous  Nitrite,  Hg2(N02)2  (Trans.,  1897,  71,  337).— When 
mercury  is  covered  with  nitric  acid  (sp.  gr.  1*11/15°)  to  a  depth  of 
10  cm.  at  30 — 35°,  the  bright  yellow  mercurous  nitrite  soon  begins  to 
crystallise,  generally  as  a  crust  over  the  mercury,  but  sometimes  in 
separate  large  crystals.  The  whole  may  be  left  undisturbed  for  about 
50  hours  without  the  crystals  showing  érosion.  Yery  little  nitric 
oxide  forms  on  the  mercury  and  even  that  is  soon  absorbed  by  the 
solution.  In  24  hours,  the  solution  just  over  the  mercury  has  attained 
a  sp.  gr.  of  1"6 — 1*7,  whilst  at  the  surface  its  sp.  gr.  is  hardly  altered, 
scarcely  any  mercury  salts  being  présent. 

The  following  mode  of  procédure  was  adopted  in  collecting  for 
analysis  the  mother  liquor  of  mercurous  nitrite  immediately  in  con- 
tact with  the  mercui-y.  About  340  grams  of  mercury  were  put  into  a 
tall  beaker,  10  cm.  in  diameter,  on  the  bottom  of  which  they  formed 
a  crescentic  or  annular  pool.  A  mixture  of  600  ce.  of  water  and 
150  ce.  of  nitric  acid  (sp.  gr.  1-43/15°)  was  added  and  gave  a  depth  of 
dilute  acid  of  10  cm.  The  yield  of  mercurous  nitrite  was  about 
16  grams  in  24  hours.  In  a  broader  vessel,  using  the  same  quantity 
of  dilute  acid,  which  then  had  a  depth  of  only  5  cm.,  about  one-third 
less  nitrite  per  unit  surface  of  mercury  was  obtained  in  the  same 
time.  The  mother  liquor  was  slowly  and  steadily  withdrawn  for 
analysis  by  means  of  a  graduated  pipette  held  against  the  bottom  of 
the  beaker,  where  it  was  not  covered  by  the  mercury.  Total  nitrogen 
was  estimated  by  the  Crum-Frankland  process,  and  nitritic  nitrogen  by 
the  interaction  with  urea,  following  P.  F.  Frankland's  method.  One  ce. 
of  solution  was  mixed  with  excess  of  pure  sodium  hydroxide,  heated  to 
boiling,  and,  after  cooling,  made  up  with  water  to  100  ce  Of  the 
solution,  clarified  by  standing  or  filtration,  aliquot  portions  were  taken 
for  the  nitrogen  déterminations.  The  mercury  of  the  mercurous  salts 
was  weighed  as  chloride  and  the  rest  as  sulphide.  The  results  are 
shown  in  the  table  on  p.  173, 

Notes  io  the  Tahulated  Results. — la  is  slightly  abnormal,*  V«,  red 
nitric  acid  was  used  ;  VIo,  some  mercurous  nitrite  was  added  at  the 
beginning;  VII,  VII [,  and  IX,  stoppered  bottles  were  employed  in 
place  of  covered  beakers  ;  V  and  IX  differed  only  as  to  température. 

Mercurous  nitrite  is  the  produet  of  the  combined  action  of  nitrous 
and  nitric  acids  on  mercury  :  2Hg  +  NO^'H  +  HO-NOg  =  IIg2(N02)2  + 
H2O,  Some  of  the  nitrite  is  decomposed  by  the  nitric  acid,  the  quantity 
of  nitrous  acid  thus  rapidly  growing,  until  mercurous  nitrite  and  nitrate 
are  accumulating  in  molecular  proportions.  From  this  time,  the 
*  The  acid  used  was  evidently  a  little  stronger  tliaii  iu  other  experiments. 
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nitrous  acid  in  the  solution  remains  constant  in  quantity.  It  has 
become  the  catalytic  agent  between  the  nitrie  acid  and  the  mercury, 
which  now  interact  in  the  following  manner  :  4Hg  +  4HNO3  = 
Hg2(NO._,)2  +  Hg.,(ISr03).2  +  2H2O.  ^^^  accordance  with  this  équation,  it 
will  be  seen  that  in  Expt.  I  there  were  25  mois,  of  nitrite  to  26  of 
nitrate,  and  in  la  28  to  24-5.  In  Expt.  II  there  were  23  mois,  of 
nitrite  to  30  of  nitrate,  showing  a  falling  off  of  nitrite,  and  after  that 
a  still  greater  decrease.  At  lower  températures,  the  eiïects  of  diffusion 
and  crystallisation  were  enough  to  mask  the  equal  production  of  nitrite 
and  nitrate. 

An  interesting  point,  deducible  from  the  composition  of  the  mother 
liquor,  is  that  of  the  rapid  diffusion  of  the  nitrie  acid  into  the  layer  of 
solution  next  te  the  mercury.  In  every  case,  the  proportion  of  nitro- 
gen  to  water  in  the  solution  next  to  the  mercury  was  fouud  to  exceed 
that  in  the  dilute  acid  used,  notwithstanding  the  fact  that  the  solution 
had  already  parted  with  much  nitrogen  in  the  form  of  mercurous 
nitrite,  This  was  most  striking  in  the  experiments  at  35°.  The  ratio 
of  nitratie  to  nitritic  nitrogen  is  also  remarkable,  being  just  4  at 
22 — 23°,  and  not  less  than  3  at  other  températures, 

(2)  Mercuric  Nitrite. — Whea  mercurous  nitrite  is  dissolved  in  hot 


174      RÂY  :   THEORY  OF  THE  PRODUCTION  OP  MERCUROUS  NiTRITË 

water,  about  2U  per  cent,  of  it  is  resolved  into  mercuric  nitrite  and 
mercury  (Trans.,  1897,  71,  340).  When  dissolved  in  its  nitrate  mother 
liquor,  it  will  behave  similarly,  except  that  mercury,  instead  of  being 
set  free,  will  now  occur  as  mercuric  sait  in  présence  of  the  nitrous  and 
nitric  acids,  ïïg2(N0Jo  +  HNO^  +  HNO3  -  2ïïg(N02)o  +  H^.  ïhe  pré- 
sence of  mercuric  salts  in  the  solution  is  thus  explained. 

(3)  Normal  Mercurous  Nitrate. — When  the  nitric  acid  used  is  of 
sp.  gr.  1*135 — 1'14  instead  of  only  1"11,  small,  soft  crystals  appear  in 
one  or  two  days,  along  with  those  of  mercurous  nitrite,  but  soon  give 
place  either  to  a  crystalline  crust  or  to  large,  isolated  crystals  of 
Hg2(]Sr03)2,2HoO.  The  stronger  acid  bas,  in  this  case,  converted  more 
of  the  nitrite  into  nitrate. 

(4,  5  and  6)  Tke  Hydroxy-mercurous  Nitrates:  HO'HgoNOg  and  Marig- 
nac's  Two  Salts  Ug.^{^0^).„'KO'll^.,^0^  and  Hg2(N03)2,4HO-Hg2N03.— 
Mercurous  nitrite,  by  changing  into  mercuric  nitrite,  also  becomes  the 
source  of  the  hydroxide  of  the  basic  mercurous  nitrates,  for  mercuric 
niti-ite  is  readily  hydrolysed  into  basic  sait  (Trans.,  1904,  85,  523). 
Acting  on  mercurous  nitrate,  this  hydroxy-mercuric  nitrite  becomes 
mercurous  nitrite  again  and  hydroxy-mercuric  nitrate  (10),  while  there 
is  a  slow  escape  of  nitric  oxide  from  the  hydrolysing  mercuric  nitrite. 
So  long  as  any  mercury  remains,  the  hydroxy  mercuric  nitrate 
combines  with  it  as  hydroxy-mercurous  nitrate  (4).  Omitting  inter- 
mediate  stages,  the  resuit  may  be  f ormulated  as  2Hg2(N03)2  +  3Hg  + 
Hg(N02)2  +  2H20  =  4HO-ïïg2N03  +  2NO.  But  the  hemihydroxy-salt 
(4)  séparâtes  out  only  in  combination  with  normal  nitrate.  In  the 
course  of  several  weeks,  ail  the  mercurous  nitrite  disappears  and  large 
crystals  of  the  5/3-hydroxy-mercurous  nitrate  (6)  are  deposited.  Where 
the  tempei-ature  is  not  much  above  22°,  thèse  crystals  are  for  a  time 
accompanied  or  preceded  by  those  of  the  4/3-hydroxy-mercurous 
nitrate  (5),  either  as  elongated  tables  and  prisms  or  looking  like 
glass  wool.  But  this  sait  is  ultimately  ail  replaced  by  the 
5/3-salt  (6). 

(7  and  8)  a-  and  ft-Hydroxy-mercurosic  Nitrates. — Both  salts  were  partly 
described  in  the  1897  paper  (Trans.,  loc.  cit.),  but  were  there  repre- 
sented  as  being  basic  nitrites.  The  a-hydroxy-mercurosic  nitrate, 
ïïg"0,2HO*ïïg2N03,  occurring  in  orange-yellow,  hard,  apparently 
crystalline  nodules,  is  a  new  sait.     The  /3-salt  (8), 

Hg"0,HO-ïïg"N03,HO-Hg2N03, 
forms  tufts  and  star-like  aggregates  of  thin,  lemon-yellow  plates.  It 
was  mistaken  by  Lefort  {Compt.  rend.,  1845,  20,  1300)  for  mercurous 
nitrite,  which  it  resembles  ;  its  real  nature  was  made  out  by  Gerhardt 
{Compt.  rend.,  1848,  26,  432).  Both  salts  may  be  viewed  as  normal 
orthonitrates  (compare  Hartley,  Trans.,  1903,  83,  662).  They  are 
both  obtainable  from  the  aqueoias  solution  of  mercurovis  nitrite,  but 
only  the  /3-salt  from  the  solution  of   mercury  in  nitric  acid.     When 
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the  mother  liquor  of  mercurous  nitrite,  after  this  sait  has  ceased 
to  separate,  is  left  in  a  flat  dish  to  evaporate,  the  a-salt  begins 
to  appear.  Some  days  later,  the  temperatui-e  varying  from 
22 — 25°,  the  déposition  of  this  sait  is  complète  and  the  crystal- 
lisation  of  the  ^-salt  begins.  In  about  two  weeks  from  the  time 
when  the  a-salt  appears,  the  déposition  of  the  /3-compound  is  also 
finished.  With  the  iirst  appearance  of  the  a-salt,  the  solution  becomes 
acid,  the  acidity  increasing  as  the  salts  separate.  Throughout  this 
period,  an  odour  of  nitrous  acid  is  observable,  arising  no  doubt  from 
aërial  oxidation  of  nitric  oxide.  After  boiling  mercurous  nitrite  with 
water,  when  nitric  oxide  freely  escapes,  its  mother  liquor  goes  much 
more  rapidly  through  the  above  changes  on  evaporating  it  at  a  gentle 
beat.  Two  analyses  of  the  solution  were  made.  Just  before  it  com- 
menced  to  deposit  the  /3-salt,  it  was  found  that  to  1000  mois,  of  water 
in  the  liquid  there  were  0-055  atom  of  mercury  and  0'147  atom  of 
nitrogen.  The  proportions  of  the  salts  were  approximately  1  mol. 
of  mercurous  nitrite  and  5  mois,  each  of  mercuric  nitrite,  mercuric 
nitrate,  and  nitrous  acid.  In  the  final  mother  liquor  of  the  sait  were 
found,  to  1000  mois,  of  water,  0-076  atom  of  mercury  (ail  mercuric) 
and  0-165  atom  of  nitrogen  (7/90ths  in  the  form  of  free  acids  and 
more  than  2/3rds  as  nitritic  nitrogen).  It  will  be  seen,  therefore, 
that  the  sait  is  deposited  so  long  as  the  proportion  of  mercurous  nitrate 
is  large  enough.  The  stability  of  mercuric  nitrite  in  the  acid  mother 
liquor  is  remarkable  ;  it  is  much  less  marked  in  absence  of  acid 
(Trans.,  1904,  loc.  cit.). 

As  regards  the  formation  of  the  mercurosic  nitrates,  if  mercuric 
nitrite  were  f  ully  decomposed  into  mercuric  oxide  and  nitrous  anhydride 
the  resuit  would  be  3Hg(N02)o  =  4N0  +  SHgOjNgO^.  But,  since 
some  of  the  mercuric  nitrate  will  interact  with  mercurous  nitrite,  also 
présent,  to  regenerate  mercurous  nitrate  and  mercuric  nitrite,  the 
above  équation  may  be  re-written,  either  as  IIg(N02).2  4- 2Hg2(N02).2  = 
4NO-l-HgO,2Hg20,N,05  (anhydrous  a-salt)  or"  2Hg(N02)2-l- 
Hg2(N02)2  =  4N0  +  2HgO,Hg20,N205  (anhydrous  ^-salt) . 

Analyses  of  the  /J-salt  bave  fuUy  identified  it  with  the  Lefort-Ger- 
hardt  sait.  There  is  some  difficulty  in  getting  the  a-salt  pure  ;  it  is 
liable  to  be  contaminated  either  with  mercurous  nitrite,  at  first,  or 
with  the  ;8-salt  afterwards.  It  is  better  to  take  the  later-formed 
orange-coloured  nodules  of  the  sait,  since  thèse  can  be  brushed  clean 
from  the  brittle  /8-salt.  The  first  préparation  was  obtained  by  the 
slow  method  in  the  cold,  whilst  the  second  was  produced  by  hot 
evaporation. 

Found. 
^ » ^      Calculated. 

Mercurous  mercury    66G9         67-98         68-14 

Mercuric  mercury  17-38  17-12  17-04 

Nitrogen 2-65  2-44  2-38 
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The  formation  of  ^-hydroxy-mercurosic  nitrate  from  a  solution  of 
mercuryinnitricacidofsp.gr.  l'il  or  l'2  alternâtes  with  that  of 
the  4/3-hydroxy-mercurous  nitrate  (p.  174).  In  warmer  weather  (35°), 
the  mercurosic  sait  is  deposited,  in  colder  (22°),  the  mercurous  sait. 
With  change  of  température,  the  one  sait  dissolves  and  the  other 
séparâtes.  To  prépare  the  mercurosic  sait,  about  345  grams  of  mercury 
and  750  ce.  of  nitric  acid  (sp.  gr.  ril)  are  occasionally  shaken  together 
until  no  mercury  or  mercurous  nitrite  remains.  Within  two  months, 
beautiful,  lemon-yellowclusters  and  rosettes  of  the  /3-hydroxy-mercurosic 
nitrate  appear,  if  the  température  is  high  enough,  otherwise,  only  hydr- 
oxy-mercurous  nitrate  is  obtained.  When  the  solution  begins  to  yield 
the  yellow  sait,  the  nitrogen  présent  in  it  is  in  the  form  of  11  atoms  as 
mercurous  nitrite,  18"3  atoms  as  hemihydroxy-mercuric  nitrate  (a  soluble 
sait),  and  a  very  little  more  as  free  acids,  to  1000  mois,  of  water.  Thèse 
proportions  are  closely  expressed  by  the  proportion  lOïïO'HgNOg  to 
3Hg2(N02)2.  -After  ail  the  mercurosic  nitrate  had  been  deposited,  the 
solution,  no  longer  basic,  contained,  to  1000  mois,  of  water,  9  "8  atoms 
of  nitrogen  as  mercurous  nitrite  and  39 '2  atoms  as  normal  mercuric 
nitrate,  besides  a  very  little  as  free  acids  :  8Hg(NO.j2  to  Hg2(ISr0.2).2. 
The  above  solutions  were  obtained  for  analysis  in  separate  experiments, 
and  confirmatory  results  were  also  obtained  in  other  experiments.  It 
may  be  deduced  from  thèse  analyses  that  the  hydroxy-mercurosic 
nitrate  was  derived  exclusively  from  mercurous  nitrite  and  nitrate  in 
the  way  explained. 

The  4/3-hydroxy-mercurous  nitrate  and  the  /3-hydroxy-mercurosic 
nitrate  may  be  quickly  obtained  as  follows  :  50  grams  of  mercury  and 
75  grams  of  nitric  acid  (sp.  gr.  1*2)  are  digested  together,  at  first  in 
the  cold  and  then  at  a  gentle  beat.  After  some  time,  the  solution 
becomes  permanently  yellow  and  deposits  the  ^-hydroxy-mercurosic 
nitrate,  which  must  be  removed  while  the  solution  is  hot,  since 
it  dissolves  when  the  solution  is  allowed  to  cool,  being  replaced 
by  the  4/3-hydroxy-mercurous  nitrate.  On  heating  the  solution, 
this  disappears,  and  the  yellow  sait  reappears.  By  repeat- 
ing  thé  above  experiment  in  an  atmosphère  of  carbon  dioxide, 
it  was  found  that  air  plays  no  part  in  the  formation  of  a  mercuric 
nitrate. 

(9  and  10)  Normal  and  Hydroxy-mercuric  Nitrates. — The  occurrence  of 
normal  mercuric  nitrate  along  with  mercuric  nitrite  in  the  final  mother 
liquor,  as  well  as  its  origin  from  mercurous  nitrite,  bas  been  already 
described.  The  présence  of  hydroxy-mercuric  nitrate  in  the  solution 
which  deposits  /3-hydroxy-mercurosic  nitrate  lias  also  been  pointed  ont 
and  explained. 

For  assistance  in  arranging  the  matter  in  this  paper,  the  author  is 


THE   NITRITES   OF   THE   ALKALl    METALS.  177 

deeply  indebted  to  Dr.  Edward  Divers,  F.E.S.  ;  indeed,  it  is  not  too 
uiuch  to  say  that,  but  for  his  unremitting  labour  and  ungrudging  help, 
it  could  not  hâve  appeared  in  its  présent  shape. 

Chemical  Laboratory, 

Presidency  Collège, 
Calcutta. 


XXI. — The  Nitrites  of  the  AlJcali  Metals  and  Metals 
of  the  Alkaline  Earths  and  their  Décomposition 
hy  Heat. 

By  Prafulla  Chandra  Rây. 

Barium  Nitrite. — After  I  liad  completed  my  work  on  this  sait,  my 
attention  was  di-awn  to  an  elaborate  paper  on  the  subject  by  Arndt 
{Zeît.  anorg.  Chem.,  1901,  27,  341),  whicli  also  contains  a  full  histoiùcal 
summary.  I  shall  therefore  confine  myself  to  siich  information  as  is 
supplementary  to  this  author's  statements. 

I  am  in  a  position  to  confirm  Arndt  as  regards  his  inability  to 
obtain  pure  barium  nitrite  by  N.  W.  Fischer's  method.  Eepeated 
crystallisations  from  alcohol  gave  a  product  which  was  always  con- 
taminated  with  10  to  12  per  cent,  of  the  nitrate. 

Barium  nitrite  was  therefore  prepared  by  double  décomposition 
between  silver  nitrite  and  barium  chloride  in  molecular  proportions. 
As  a  solution  of  this  sait  has  been  found  to  be  perfectly  stable  when 
heated  to  boiling  or  evaporated  on  the  water-bath,  the  précautions 
adopted  in  the  case  of  the  préparation  of  mercuiic  nitrite  (Trans.,  1904, 
85,  523)  were  quite  unnecessary.  Hot  saturated  solutions  of  the 
components  were  mixed  together  and  vigorously  agitated  in  a  stoppered 
bottle  in  order  to  bring  about  the  coagulation  of  silver  chloride,  the 
clear  filtrate  was  evaporated  nearly  to  dryness  and  allowed  to  crystal- 
lise,  when  clusters  of  glistening,  faintly  yellow  needles  slowly  separated  ; 
thèse  were  pressed  between  folds  of  blotting  paper  and  analysed  in  the 
usual  way. 

Eound  Ba  =  55-42  ;  Ba(N02)o,H:.30  requires  Ba  =  55-46  per  cent. 

If  the  evaporation  of  the  solution  is  carried  further  either  on  the 
water-bath  or  under  diminished  pressure  over  sulphuric  acid,  an 
efflorescent,  white,  granular  mass  is  obtained.  The  whole  of  the  water 
of  crystallisation  cannot  be  driven  off  even  if  the  sait  be  powdered 
finely  ,  and    dried    in    the    steam    oven.      A   sample  thus  dried    gave 
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Ba  =  58"91  percent.,  the  calculated  amount  for  Ba(NOo)o  being.  59*8, 
whilst  that  for  Ba(NOo)2,iIl20  is  57-56  per  cent.  Ai-ndt's  product,  a 
"  snow-white  powder,"  was  probably  sliglitly  dehydrated  by  the 
absolute  alcohol  used  in  its  production,  and  this  may  account  for  the 
wbite,  powdery  appeai-ance  ;  his  analysis  also  would  seem  to  bear  this 
out,  as  he  found  Ba=:56'86  per  cent. 

Calcium  Nitrite, — This  sait  was  pi'epared  in  a  manner  similar  to  that 
employed  for  its  barium  analogue.  The  solution  could  be  evaporated 
on  the  water-bath  without  the  sait  becoming  either  decomposed  or 
partially  converted  into  nitrate.  Owing  to  its  highly  déliquescent 
character,  considérable  difficulty  was  experienced  in  obtaining  the  sait 
in  a  form  fit  for  analysis.  When  the  concentrated  .solution  was  kept 
in  a  desiccator  a  yellow,  pasty,  crystalline  mass  was  secured,  which 
was  found  to  contain  rather  more  water  than  that  required  by  the 
formula  Ca(N02)2)H20.  When  it  was  allowed  to  remain  longer  in  the 
desiccator,  the  sait  rapidly  effloresced  and  ultimately  turned  into  a  hard 
lump,  which  did  not  lose  in  weight  when  heated  on  the  water-bath  ;  it 
gave  olî  moisture,  however,  when  heated  in  a  bulb-tube,  and  yielded 
27-03  per  cent,  of  calcium,  the  theory  for  Gii{^0.2).^,l'Ef>  being  28-37. 
It  is  thus  very  probable  that  a  semi-hydrated  stable  sait  actually 
exists.  The  behaviour  of  the  barium  sait  also  points  to  the  same 
conclusion. 

Potassnim  and  Sodium  Nitrites. — Thèse  compounds  were  also  prepared 
by  double  décomposition  between  silver  nitrite  and  the  respective 
çhlorides.  As  already  pointed  out  by  Divers  (Trans.,  1899,  75,  86), 
solutions  of  the  alkali  nitrites  can  safely  be  evaporated  on  the  water- 
bath.  The  nitrites  were  found  to  be  free  from  nitrates.  According 
to  Lang  {J.  jjr.  Chem.,  1862,  86,  296),  potassium  nitrite  crystallises 
with  one  molécule  of  water,  whilst  Divers  found  his  crystals  to  be 
perfectly  anhydrous.  My  own  analyses  go  to  confirm  the  latter 
chemist.  I  picked  out  small  crystals,  which  were  powdered  and 
pressed  between  folds  of  blotting  paper.  An  analysis  gave  1*8  and 
44-94  per  cent,  of  moisture  and  potassium  respectively,  the  calculated 
value  for  potassium  nitrite  being  45-88. 

Magnésium  Nitrite. — An  aqueous  solution  of  this  sait  was  prepared 
by  double  décomposition  between  barium  nitrite  and  magnésium 
sulphate  ;  it  could  not,  however,  be  evaporated  on  the  water-bath,  as  it 
was  found  that  nitric  oxide  was  evolved  with  conséquent  formation 
,of  a  basic  nitrate.  The  solution  was  therefore  concentrated  under 
diminished  pressure  over  sulphuric  acid,  when  a  crystalline,  very  faint 
yellow  crust  was  obtained,  which  was  pressed  between  folds  of  blotting 
paper  in  order  to  remove  the  adhering  mother-liquor.  The  substance 
dissolved  to  a  clear  solution,  and,  ou  analysis,  gave  Mg  =  14-72  ;  tho 
formula  Mg(N02)2,3H20  required  Mg  =  14-12  per  cent. 
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If  this  sait,  instead  of  being  removed  at  the  above  stage,  is  allowed 
to  remain  in  the  desiccator,  it  loses  its  lustre,  and  is  converted  into  a 
hard,  efflorescent,  white  mass.  As  the  exact  composition  of  this  sub- 
stance has  been  a  matter  of  some  controversy,  three  distinct  prépara- 
tions were  iindertaken,  the  properties  and  the  analyses  of  which  are 
given  below. 

\st  Préparation. — In  this  case,  complète  solution  of  the  substance 
in  water  was  not  obtained,  but  there  was  a  slight  residue  :  0*345  gave 
0-238  Mg.PaOy  from  the  soluble,  and  00115  Mg^V^O^  from  the  insoluble 
portions;  whence  Mg=14"92  and  0'72  per  cent,  respectively,  the 
theoretical  value  for  Mg(N02)2,2H20  being  15-78. 

2nd  Préparation. — The  substance  dissolved  with  a  faint  opalescence. 
Analysis  gave  Mg=16'30;  N  =  18-46;  the  calculated  values  being 
Mg=  15-78,  N=  18-42  per  cent,  respectively. 

3rd  Préparation. — The  sait  dissolved  just  as  above,  and  gave 
Mg=  16-27  per  cent. 

The  nitrogen,  as  estimated  by  the  Crum-Frankland  method,  was  the 
same  in  amount  as  when  measured  by  the  "  urea  "  process. 

Magnésium  nitrite,  like  the  foregoing  nitrites,  isa  déliquescent  sait  ; 
it  crystallises  with  3  mois,  of  water,  of  which  it  loses  only  1  mol.  if 
it  is  not  removed  from  the  desiccator  at  this  stage.  The  dehydration 
cannot  be  carried  further,  and  in  this  form  it  has  been  found  to  be 
stable,  whereas  the  crystalline  sait,  when  it  is  stored  in  a  stoppered 
bottle,  slowly  décomposes,  evolving  nitrous  fumes.  In  this  respect, 
magnésium  nitrite  bears  a  marked  analogy  to  mercuric  nitrite  (Trans., 
1904,  85,  524). 

It  is  thus  évident  that  the  expériences  of  Lang,  who  analysed  only 
the  crystalline  variety  {J.  p-.  Chem.,  loc.  cit.),  and  of  Hampe,  who 
examined  it  in  the  dehydrated  form  only  {^Annalen,  1863,  125,  334), 
are  fully  borne  out,  whereas  Vogel  (^Zeit.  anorg.  Chem.,  1903,  35,  398) 
appears  to  be  partially  correct  when  he  states  that  the  sait,  when 
dehydrated  as  above,  undergoes  slight  décomposition  like  the  chloride. 

Divers  has  already  drawn  attention  to  the  fact  that  a  solution 
of  the  alkali  nitrites  can  safely  be  evaporated  even  at  the  boiling 
température  without  decomposing  or  oxidising  it  (Trans.,  1900,  75, 
86).  Not  only  has  this  observation  been  found  to  hold  good  as  regards 
the  sodium  and  potassium  nitrites,  but  it  can  be  extended  equally  to 
solutions  of  barium  and  calcium  nitrites.  It  is  often  stated  that 
a  solution  of  sodium  nitrite  gradually  absorbs  oxygen  from  the  air.*  I 
hâve,  however,  allowed  solutions  of  this  compound  to  evaporate  spon- 
taneously  in  a  flat  dish  for  two  months  at  températures  varying  from 
25°  to  30°,  and  hâve  tested  them  from  time  to  time  without  being 
able  to  detect  any  appréciable  oxidation  to  the  nitrate.  Even  the 
*  "  Nimmt  langsam  in  Losimg  Saiierstoff  auf  "  (Lang,  loc.  cit.,  p.  296). 
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crystalline  crust  which  was  deposited  bas  been  found  to  be  a  pure 
nitrite.  Sodium  and  potassium  nitrites  are  distinctly,  altbough 
faintly,  yellow,  and  give  markedly  yellow  concentrated  aqueous  solu- 
tions (compare  Divers,  Proc,  1900,  16,  70). 

Both  Arndt  and  Yogel  agrée  in  stating  that  a  concentrated 
solution  of  barium  nitrite  bas  a  yellow  tint,  wbilst  tbe  latter  also 
makes  tbe  same  observation  witb  regard  to  calcium  nitrite  solution  ; 
btut  tbese  cbemists  seem  not  to  bave  noticed  that  tbese  nitrites  in  tbe 
solid  form  also  bave  a  distinct  pale  yellow  colour.  Tbey  prepared  tbe 
salts  by  précipitation  from  concentrated  solution  by  alcobol,  and  tbus 
obtainedtbem  as  "  wbite  powders,"  but  tbis  appearance  was  probably 
due  to  tbe  fine  state  of  division  in  wbicb  tbese  compounds  were  pro- 
duce d. 

Summarising  tbe  results,  it  may  be  laid  down  tbat,  in  tbe  first  and 
second  groups  of  tbe  periodic  system,  tbe  bigber  tbe  atomic  weigbt  of 
tbe  élément  tbe  more  pronounced  is  tbe  colour  of  its  nitrites.  Mer- 
curous  nitrite  stands  at  tbe  bead  of  tbe  séries,  being  markedly  yellow, 
while  silver  nitrite  occupies  an  intermediate  position  between  tbis 
compound  and  tbe  nitrites  of  sodium  and  potassium.  In  tbe  second 
group  also,  altbougb  tbe  colour  is  mucb  less  developed  tban  in  tbe 
first,  barium  nitrite  stands  at  tbe  bead  of  tbe  séries,  calcium  nitrite 
cornes  next,  wbilst  magnésium  nitrite  occupies  tbe  lowest  place.* 

As  regards  stability  also,  magnésium  nitrite  ranks  lowest  in  position 
in  tbe  pi'esent  séries.  Tbis  migbt  be  expected  from  tb  feebly  basic 
properties  of  tbe  magnésium  oxide  ;  in  fact,  tbis  élément  forms  a 
Connecting  link,  as  it  were,  between  barium,  strontium,  and  calcium 
on  tbe  one  hand,  and  cadmium  and  zinc  on  tbe  otber. 

A  dilute  solution  of  magnésium  nitrite  was  kept  for  six  montbs  in  a 
stoppered  bottle,  wbicb  was  opened  from  time  to  time  ;  tbe  sait  was 
found  to  remain  perfectly  stable.  Tbe  solution,  bowever,  cannot  be 
evaporated  on  tbe  water-batb,  as  it  undergoes  partial  décomposition, 
even  at  60%  witb  évolution  of  nitric  oxide. 

Decomjiosition    of   the  Nitrites  h  y    Heat  [witb    Atul    Chandra 
Gaîïguli,  B.A.]. 

Tbe  substance  was  placed  in  a  combustion  tube  of  Jeua  glass 
wbicb  was  attacbed  to  a  glass  spiral,  1 1  mètres  in  length,  packed  close 

*  Strictly  speaking,  mercury  occupies  a  two-fold  position  in  the,  Periodic  System. 
On  aceount  of  the  close  similarity  in  properties  between  mercurous  nitrite  and  its 
silver  analogue,  as  bas  been  pointed  ont  in  some  of  my  previous  communications, 
thèse  two  metals  should  be  placed  side  by  side.  Bnt  merciulc  nitrite,  on  the  other 
hand,  strongly  resembles  magnésium  nitrite,  justifyiug  the  position  assigned  to  it 
by  Mendeléef,  and  it  is  interesting  to  note  that  it  has  a  pale  yellow  colour,  more 
pronounced  than  that  of  the  barium  compound. 


METALS  OF  THE  ALKALINE  EARTHS.  181 

with  glass  beads  which  had  been  previously  soaked  in  a  strong  caustic 
potash  solution  free  from  nitrite  or  nitrate.  The  apparatus,  which  in 
fact  was  a  modified  and  improved  form  of  that  used  in  a  similar 
experiment  with  mercuric  niti'ite  (Trans.,  1904,  85,  525),  was  then 
exhausted  with  the  aid  of  the  mercury  pump.  The  heating  was  elïected 
with  a  Bunsen  burner  in  two  distinct  stages,  which  are  termed  the 
"  initial  "  and  the  "  final  "  stages  respectively.  In  the  first  stage, 
the  sait  was  heated  slowly  aad  gently  for  about  15  minutes,  keeping 
the  température,  as  far  as  practicable,  a  little  above  the  fusion  point  ; 
for  instance,  in  the  case  of  the  barium  nitrite,  the  température  was 
between  250°  and  300°,  the  melting  point  of  this  sait  being  about 
220°  (Arndt).  At  the  end  of  the  opération,  the  température  was  much 
lowered,  so  that  no  more  gas  was  evolved.  In  the  second  stage,  a  far 
stronger  beat  was  applied,  the  température  rising  to  450°  and  500°.  The 
gases  which  were  absorbed  by  the  caustic  potash,  either  as  nitrite  or 
nitrate  or  both,  were  analysed,  as  were  also  those  which  collected  in 
the  réservoir  of  the  mercury  pump. 

Barium  Nitrite. — Expt.  I.  The  substance  (0-341  gram)  turned  dis- 
tinctly  yellow  and  remained  so  as  long  as  the  heating  was  continued 
and  effervesced  with  intumescence.  No  nitrous  fumes  were  noticed  ; 
the  gas  consisted  of  19-2  ce.  of  nitric  oxide*  and  5-0  ce.  of  nitrogen. 
Besides  baryta,  the  residue  contained  a  mixture  of  nitrate  and  nitrite, 
the  total  nitrogen  being  21-0  ce,  of  which  13-3  ce  was  in  the  form 
of  nitrite.  The  caustic  potash  of  the  glass  beads  yielded  TS  ce.  of 
nitrogen  in  the  form  of  pure  nitrite. 

The  sum  total  of  nitrogen  in  the  sait  (in  the  moist  state)  at  33°  and 
752  mm.  was  thus  made  up  of  the  following  :  as  gas,  14-6  ce  ;  in 
the  residue,  21-0  ce.  ;  in  the  caustic  potash,  TS  ce  ;  the  total  being 
37*4  ce,  wbence  the  nitrogen  found  was  0-0397,  the  calculated 
amount  being  0-040.  It  would  thus  appear  that  the  method  of 
analysis  was  fairly  trustworthy,  and  that  nearly  25  per  cent,  of  the 
nitrogen  in  the  sait  was  given  off  as  nitric  oxide.  The  ratio  in 
volume  of  the  nitrogen  in  the  residue  as  nitrate  to  nitrite  was  as  1 : 1-73. 

Expt.  2.  Sait  taken,  0'255  gram. 

Ist  Stage  NO  =19-6  ce;  N  =  3-4  ce;  «  =  30°;  jo  =  759  mm., 
whence  N  as  NO  =  0-0105  gi-am,  the  total  niti'ogen  in  the  sait  being 
0-03  gram;  thus  29-28  per  cent,  of  the  nitrogen  was  given  off  as 
nitric  oxide. 

2nd  Stage.  Nitrous  fumes  were  noticed  and  4-6  ce  of  gas  were 
collected  ;  thèse  were  almost  completely  absorbed  by  an  alkaline 
solution  of  pyrogallate. 

For  the  sake  of  comparison,  a  blank  experiment  was  made  by 
heating    barium    nitrate    directly   at    about    500°   for    two    minutes  ; 

*  A  strong  sohition  of  ferrons  sulphate  was  used  as  the  absorbent  for  this  gas. 

VOL.    LXXXVIL  O 


182  KÂY:   THE   NITRITES   OF    THE   ALKALI    METALS   AND 

2  ce.  of  gas  were  coUected,  which  proved  to  be  oxygen,  It 
should  Eot,  however,  be  supposed  that  the  reaction  in  this  case  is  so 
simple  as  that  represented  by  the  équation  :  Ba(N03)2  =  Ba(N'0g)2  +  ^2- 
On  examining  the  liquid  in  the  worm  receiver,  a  small  quantity  of  a 
mixture  of  nitrate  and  nitrite  was  obtained.  Hère  also  the  reactions 
as  detailed  below  probably  take  place,  only  in  the  reverse  order.* 

Calcium  Nitrite. — Expt.  1.     Sait  =  0-1386  gram. 

Ist  Stage.     NO  =  25-2  ce;  N=l-8  ce.  at  29°  and  756  mm. 

2nd  Stage.  Gas  =  3  ce  (completely  absorbed  by  alkaliue  pyro- 
gallate).  The  residue  was  found  to  be  only  lime,  free  from  nitrite  or 
nitrate.  Analysis  of  the  liqviid  distillation  gave  ;  total  1^  =  11-2  ce  ; 
as  nitrite  =  8-05  ce. 

The  total  nitrogen  in  the  sait  is  thus  made  of  3  parts  :  as 
NO=12"6  ce;  as  N  =  l"8  ce;  in  the  alkaline  liquid  =  11-2  ce; 
whenee  N  (found)-- 0-02772  gram  ;  N  (cale.)  =  0-0277  gram. 

It  will  be  seen  that  nearly  50  per  cent,  of  the  nitrogen  was  evolved 
^s  nitric  oxide. 

Sodium  Nitrite. — Expt.  1.     Sait  =  0-484  gram. 

In  the  first  stage,  7*4  ce  of  nitric  oxide  and  4'0  ce  of  nitrogen 
were  obtained  at  31°  and  755  mm.,  or  8-4  per  cent,  of  the  nitrogen  in 
the  substance  taken.  On  examining  the  alkaline  liquid,  only  a  trace  of 
absorbed  gas  was  found. 

This  experiment  is  of  importance  in  establishing  conclusively  that 
in  the  earlier  stages  it  is  nitric  oxide  more  or  less  mixed  with  nitrogen 
that  is  given  off. 

Expt.  2.     Substance  =  0 -47  gram. 

In  the  first  stage,  27  ce  of  gas  {t  =  31°  ;  p  =  755  mm.) 
were  collected  ;  a  second  nitrometer  was  then  employed  ;  after  about 
2  ce  more  of  the  gas  had  been  collected,  the  surface  of  the  mercury 
lost  its  lustre  and  became  coated  with  mercurous  nitrate,  and  the  gas 
assumed  a  reddish-brown  oolour,  thus  proving  that  oxygen  was 
being  eliminated.  Once  more  the  nitrometer  was  changed,  this 
time  9  ce  of  gas  were  collected,  of  which  5  ce  were  absorbed  by 
alkaline  pyrogallate,  the  unabsorbed  portion  being  nitrogen. 

Magnésium  Nitrite. — The  stable  variety,  Mg(]Sr02)2,2Il20,  was 
used,  0-1052  gram  being  taken.  Even  at  60°,  minute  quantities  of  gas 
began  to  be  evolved.     The  décomposition,  however,  was  chiefly  elïected 

*  In  a  récent  paper  entitled  "  Uber  die  Zersetzung  des  Baryum-nitrates  in  dar 
Hitze"  (Chem.  Zeit.,  1904,  28,  356),  Gottlieb  points  out  that,  when  the  heating  is 
rapid  and  not  graduai,  so  as  to  allow  the  sait  to  décompose  suddenly  before  it  fuses, 
the  largest  amount  of  nitrous  fumes  is  obtained  ;  but  when  the  température  is 
gradually  raised,  the  nitrous  fumes,  acting  on  the  raolten  mass,  undergo  dissociation. 
Gottlieb's  object  was  the  régénération  of  nitric  acid  from  the  barium  nitrate.  In  our 
investigation,  the  température  was  always  raised  slowly  and  gradually. 
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at     120°.      A    slight    évolution    of     nitrous    fumes    was    distinctly 

perceptible  at  the  outset. 

The  température  was  now  raised  to  172 — 175°   for  half  an   hour, 

but    no   more   gas  was    evolved,    as    was   proved   by   the  fact  that 

the   "  click  "  of    the   pump   was  persistent.     The  collected  gas  con- 

sisted  of  9'2  ce.    of    nitric  oxide    and    1-8   ce.   of    nitrogen,      The 

alkali  in    the  worm   yielded   2-4  ce   of    nitrogen    as    nitrite  at  31° 

and  755  mm.  pressure.     The  stable  residue  on  examination  was  found 

to  be  a  pure  nitrate  and  gave  0-0166   Mg  and   010  N,  whence  the 

0-0166     0-10 
ratio  of    Mg  :  N=  -^^  :  ^4    =  0'007  :  0-00715  =  1:1.      It  thus  had 

the  composition  2MgO,iSr205  or  MgO,Mg(]Sr03).,.  The  simplest  reaction 
yielding  this  compound  would  be  :  2Mg(N6o)2  =  MgO  +  Mg(N03)o  + 
NO  +  N,  This,  however,  would  require  the  nitrogen  as  nitric  oxide 
to  be  equal  in  amount  to  that  in  the  free  state,  whereas  the  quantity 
of  the  former  is  actually  2i  times  that  of  the  latter,  It  would  thus 
appear  that  by  far  the  larger  proportion  of  the  sait  decomposed 
according  to  the  équation  :  3Mg(N02)2  -  2MgO  +  Mg(N03)2  +  ^NO.  But 
neither  of  thèse  équations  serves  to  account  for  the  formation  of  a  con- 
sidérable amount  of  nitrite  in  the  alkali  of  the  worm. 

Interprétation  of  the  Residts. 

It  will  be  seen  that,  in  the  first  stage,  when  the  heating  is  slow  and 
cautions,  nitric  oxide  is  the  main  gaseous  product  of  décomposition, 
and  that  a  portion  of  the  sait  is  converted  into  nitrate  ;  whilst  in  the 
second  stage  it  is  nitrate  which  undergoes  décomposition,  giving  off 
oxygen.  As  a  matter  of  fact,  several  reactions  go  on  side  by  side, 
some  of  which,  again,  probably  overlap,  so  that  no  sharp  line  of 
démarcation  can  be  laid  down  between  them.  Taking  barium  nitrite 
as  the  type,  we  hâve  the  following  reactions  : 

Initial. 

3Ba(NO.,)o  =  2BaO  +  Ba(N03),  +  4NO     1 

2Ba(]Sr02)2  =  BaO  +  Ba(N03)2  +  NO  +  N 2 

Final. 

Ba(N03).3  =  BaO  +  2N02  +  0    3 

whilst  intermediate  between  thèse  we  hâve  also, 

Ba(N03)o  =  Ba(N02)2  +  02  4 

In  the  earlier  stages,  it  is  the  nitric  oxide  and  nitrogen,  with  only 
traces  of  oxygen,  that  pass  on  through  the  worm,  the  oxygen  and  a 

O  2 
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correspondiug  portion  of  nitric  oxide  being   absorbed  by  the   caustic 
potash  in  the  for  m  of  nitrite,  thus  :  2K0H  +  2N0  +  0  =  2KNO2  +  U^O. 

Later  on,  as  a  much  larger  proportion  of  oxygen  begins  to  be 
evolved,  a  mixture  of  nitrate  and  nitrite  is  formed  in  the  glass  worm. 
In  the  final  stage,  owing  to  increased  beat,  the  évolution  of  oxygen 
begins  to  preponderate,  and  this  time  it  is  ail  the  nitric  oxide  with 
only  its  équivalent  of  oxygen,  together  with  the  nitric  peroxide,  which 
is  absorbed  by  caustic  potash  to  form  varying  quantities  of  nitrate 
and  nitrite.  Thus  it  is  oxygen  which  is  collected  in  the  réservoir  of 
the  mercury  pump. 

As  the  salts  were  heated  in  glass  tubing,  the  results  might  hâve 
been  slightly  vitiated,  owing  to  secondary  reactions  due  to  the 
corrosion  of  the  glass,  but  in  the  experiraents  with  calcium  and 
magnésium  nitrites  the  glass  was  not  in  the  least  attacked,  and, 
in  this  case,  the  results  are  in  perfect  harmony  with  those  obtained 
from  barium  and  sodium  nitrites.  It  will  also  be  noticed  that  calcium 
and  magnésium  nitrites  yielded  very  little  free  nitrogen,  whereas  the 
barium  and  sodium  salts  gave  considérable  amounts. 

It  may  hère  also  be  suggested  as  a  working  hypothesis  that,  as  a 
resuit  of  the  purely  thermal  décomposition,  a  portion  of  the  salts 
breaks  up  into  the  peroxide  and  nitric  oxide,  but  as  the  former  is 
unstable,  especially  under  diminished  pressure  at  the  tempei-ature  at 
which  the  scission  takes  place,  it  parts  with  its  oxygen  both  to  the 
nitric  oxide  and  also  to  the  remaining  portion  of  the  undecomposed 
sait  in  a  state  of  fusion,  and  that  it  is  in  this  way  that  the  internai 
oxidation  and  réduction  are  brought  about.  It  may  be  urged  in 
support  of  this  view  that  sodium  peroxide  absorbs  nitric  oxide  forming 
the  nitrite. 

Moreover,  this  kind  of  self-oxidatiou  and  réduction  also  goes  on  when 
an  alkali  nitrite  is  heated  just  above  the  fusion  point  in  an  open  crucible 
and  kept  in  that  state  for  a  minute  or  two  ;  bubbles  of  nitric  oxide 
are  given  off  and  a  considérable  portion  of  the  nitrite  is  changed 
into  nitrate. 

Chemical  Laboratoky, 
Pkesidency  Collège 
Calcutta. 
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XXII. — The  Addition  of  Sodium  Hydrogen  Sulphite  ta 
Ketonic  Comj^ounds. 

By  Alfred  Walter  Stewart,  B.Sc,  1851  Exhibition  Scholar  of 
the  University  of  Glasgow. 

Beilstein,  in  his  Handbuch  (3rd  Edition,  vol.  I.,  999),  states  that 
pinacoline  forms  no  additive  product  with  sodium  hydrogen  sulphite. 
This  statement,  together  with  the  current  idea  that  bisulphite  com- 
pounds  are  formed  only  with  those  ketones  which  contain  an  acetyl 
group,  suggested  that  the  hindrance  to  the  formation  of  a  pinacoline 
bisulphite compound  was  of  a  stereochemical  character,  analogous  to  that 
detected  by  Yictor  Meyer  in  his  work  on  the  rates  of  esterification  of 
the  aromatic  acids.  In  the  literature  of  the  bisulphite  compounds,  the 
only  référence  found  was  a  paper  by  Angeli  {Atti  R.  Accad.  Lincei, 
1896,  5,  84),  in  which  he  suggested  that  steric  hindrance  played  a 
part  in  the  reactions  involving  the  addition  of  metallic  hydrogen 
sulphites,  hydrocyanic  acid,  and  ammonia  to  carbonyl  groups.  Angeli 
appears  to  hâve  contented  himself  with  this  theoretical  observation,  at 
least  so  far  as  the  bisulphite  compounds  are  concerned  ;  and  apparently 
no  attempt  has  been  made  up  to  the  présent  to  treat  the  matter  by  a 
quantitative  method. 

The  following  research  was  carried  out  in  order  to  estimate  the 
relative  amounts  of  bisulphite  compound  formed  with  différent 
ketones  and  with  a  view  to  ascertaining  the  hindering  effect  produced 
by  varions  groups. 

Although  no  work  had  been  done  on  the  ketonic  bisulphite  com- 
pounds, Ripper  {Monatsh.,  1900,21,  1079)  had  devised  a  method  for  the 
estimation  of  aldéhydes  which  depended  on  the  formation  of  a  bi- 
sulphite additive  product.  He  found  that  as  the  SOgNa  group  in  the 
bisulphite  compound  was  not  oxidised  by  iodine  solution  ;  the  amount 
formed  could  be  estimated  from  the  différence  between  the  titration 
values  of  two  solutions  :  one  of  pure  sodium  hydrogen  sulphite,  the 
other  containing  this  sait  and  the  aldéhyde. 

The  great  difficulty  encountered  in  this  method  arises  frora  the 
présence  in  the  solution  of  hydriodic  acid  generated  by  the  reaction. 
This  acid,  if  left  free,  tends  to  break  up  the  bisulphite  compound,  and 
thus  gives  an  uncertain  end-point. 

"With  a  view  to  avoiding  this,  several  other  solutions  were  prepared, 
among  which  three  only  need  be  mentioned.  First,  iV/20  caustic  soda 
was  used  to  titrate  the  sodium  hydrogen  sulphite,  but  the  final  slight 
excess  of  the  alkali  présent  decomposed  the  double  compound  even  more 
rapidly  than  the  hydriodic  acid  had  done.     The  other  two  solutions 
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were  the  resuit  of  an  attempt  to  make  the  reaction  follow  the  Unes  of 
thé  équations  : 

NaHS03  +  SNaHCOg  +  1^  =  NagSO^  +  2NaI  +  2HoO  +  SOOg  ; 
NaHSOg  +  2NaHC03  + 12  =  NaHSO^  +  2NaI  +  HgO  +  2CO2. 
lodine  and  sodium  bydrogen  carbonate  were  made  up  in  a  solution  of 
the  strength  required  by  each  équation,  in  the  hope  that,  the  free 
hydriodic  acid  being  eliminated  as   soon  as  it  was  formed,  the  end- 
point  would  be  unaffected.     The  results,  however,  were  useless. 

There  being  no  other  method  available,  a  return  was  made  to  the 
titration  with  iodine  solution.  At  first,  alcoholic  solutions  of  the 
ketones  were  used,  but  finally  it  was  found  best  to  make  up  an  i\710 
aqueous  solution  of  the  ketone,  and  then  dilute  to  iV712  with  alcohol. 
This  mixture  dissolved  niost  of  the  common  ketones,  methyl  hexyl 
ketone  and  acetophenone  only  being  excluded. 

The  results  were  apparently  accurate  to  within  one  per  cent,  after 
allowing  equal  quantities  of  ketone  and  iV712  hydrogen  sulphite  solu- 
tion to  remain  together  for  an  hour  at  the  ordinary  température. 

It  did  not  seem  désirable  to  choose  an  arbitrary  time  limit,  and  in 
the  end  titrations  were  done  at  regular  intervais  ;  a  period  of  five 
minutes  was  first  chosen,  but  this  was  not  found  so  satisfactory  as  the 
ten-minute  interval  which  was  finally  adopted.  At  first  the  method 
did  not  give  concordant  results,  but  the  f  ailure  was  traced  to  variations 
of  température.  After  this,  ail  opérations  were  carried  out  at  0°,  which 
kept  the  température  constant,  and  also  reduced  the  speed  of  the 
reaction. 

The  détails  of  the  method  finally  adopted  were  as  follows  :  50  ce.  of  iV/12 
ketone  solution,  prepared  as  described,  were  shaken  in  a  flask  with  50  ce. 
of  iV/l 2  aqueous  sodium  hydi'ogen  sulphite,  and  then  allowed  to  remain, 
corked,  in  a  vessel  of  ice  and  water.  Every  ten  minutes,  10  ce.  of  the 
liquid  were  taken  out  and  titrated,  being  kept  surrounded  by  ice-water 
during  the  opération.  The  iodine  solution  used  was  of  such  a  strength 
that  14 — 15  ce  were  required  to  oxidise  5  ce.  of  the  hydrogen  sulphite 
solution.  The  relative  strengths  of  the  two  solutions  were  determined 
at  the  beginning  and  end  of  each  séries  of  titrations.  The  results 
obtained  are  shown  in  the  following  table  : 

Percentage  of  bisulphite  compound  fonued  in 

10'  20  30        4Ô~^  50  60  70  minutes. 

Acetaldehyde    85-2  86-6  88-0  88-7  88-7  887  887 

Acetylacetone  47-1  54-2  60  5  64-0  67-6  70-0  71-8 

Ethyl  acetoacetate  37-4  47-0  56-0  60-0  64-0  67-6  67  6 

Acétone 28-5  397  47*0  53-6  55-9  56-2  58-9 

Methyl  ethyl  ketone    14-5  22-5  25-1  29-1  32-4  36-4  38-4 

Methyl  propyl  ketone 8-5  ll'O  14-8  18-4  19-6  234  25-5 

Ethyllœvulate 7-2  lO'O  14-0  15-0  16-5  19-4  21-6 

Methyl  mpropyl ketone  .  4-2  5-4  7-5      9-4  11-6  12-3  13-0 

Pinacoline    42  5*6  56      56  56  5-6  5-6 
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The  following  curves  give  the  same  results  graphically, 
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GO  70 

minutes. 


Acetylacetone  contains  two  carbonyl  groups,  therefore  the  amount 
of  bisulphite  compound  foi^med  by  each  group  is  half  the  amount 
shown  in  the  table.  This  is  represented  in  the  curves  by  the  dotted 
Une. 
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From  an  examination  of  the  foregoing  numbers,  the  effect  of  replac- 
ing  a  hydrogen  atom  by  a  methyl  group  is  easily  seen.  If  we  consider 
acetaldehyde,  acétone,  methyl  ethyl  ketone,  methyl  isopropyl  ketone, 
and  pinacoline,  and  take  the  percentage  of  bisulphite  compound  formed 
after  40  minutes,  we  find  the  following  resuit  : 
Fer  cent. 


CHgCO-H 88-7 

.     53-6 
.     29-1 


Per  cent. 
CH3CO-CH(CH3)2    ...       9-4 
CH3CO-C(CH3)3    5-6 


Another  point  of  interest  is  that  both  acetaldehyde  and  pinacoline 
appear  to  reach  their  end-points  within  the  first  40  minutes,  whilst 
the  other  compounds,  intermediate  on  the  scale,  do  not  reach  their 
equilibrium  until  after  70  minutes. 

A  curious  resuit  is  obtained  by  comparing  the  values  of  those  com- 
pounds containing  carbon  chains  of  the  same  length.  For  example, 
ethyl  acetoacetate  and  methyl  ethyl  ketone  each  contain  a  chain  of 
four  carbon  atoms  ;  ethyl  Itevulate  and  methyl  propyl  ketone  hâve  ft 
chain  of  five.  Taking,  as  before,  the  percentage  of  bisulphite  com- 
pound foi'med  after  40  minutes,  we  get  : 


Per  cent. 
Ethyl  acetoacetate    ...     60 '0 
Methyl  ethyl  ketone . ,     29-1 


Per  cent, 
Methyl  propyl  ketone.      18*4 
Ethyl  Isevulate 15-0 


The  carboxyl  group  seems  to  hâve  no  hindering  elïect,  but  tather 
accélérâtes  the  action,  since  ethyl  acetoacetate  forms  more  bisulphite 
compound  than  acétone,  and  much  more  than  methyl  ethyl  ketone 
where  the  C02Et  group  is  replaced  by  methyl.  This  relation  does  not 
hold  good  in  the  case  of  ethyl  Isevulate,  for  in  this  case,  when  com^ 
pared  with  methyl  propyl  ketone,  the  ester  forms  less  of  the  double 
compound.  It  seems  as  if  the  carbonyl  and  carboxyl  groups  had  some 
action  on  each  other's  properties  when  near  to  one  another,  and  that 
this  is  weakened  when  two  carbon  atoms  are  placed  between  them^ 

This  commvinication  has  been  limited  to  those  compounds  which 
contain  the  group  CHg'COR,  but  the  investigation  will  subsequently 
be  extended  to  other  ketonic  and  nitrogen  compounds,  both  with  open 
and  closed  chains. 

In  conclusion,  the  author  desires  to  thank  Professor  Collie  and  Dr. 
Smiles  for  valuable  suggestions  made  by  them  during  the  course  of 
this  research, 

University  Collège, 

LONDON. 
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XXIII. — The      Molecular      Condition    in     Solution    of 
Ferrons  Oxalate. 

By  Samuel  Edward  Sheppard  and  Charles  Edward  Kenneth  Mees. 

The  investigation  of  the  development  of  silver  haloid  emulsions  by 
means  of  feiTous  oxalate  makes  a  knowledge  of  its  condition  in  solu- 
tion very  désirable.  Ferrons  oxalate  itself  is  only  slightly  soluble  in 
water,  and  the  developing  solution  is  prepared  by  dissolving  it  in 
potassium  oxalate.  This  solution  bas  a  reddish-brown  colour  and 
powerful  reducing  properties  (Eder,  Monatsh.,  1880,  1,  137).  On  treat- 
ment  with  alcohol,  a  double  sait  is  precipitated  baving  tbe  composition 
K2Fe(C204)2,2H20.  Tbe  precipitate  sometimes  appears  as  a  red  oil, 
wbich  subsequently  crystallises,  but  more  frequently  it  is  obtained  as 
a  sludge.  This  substance  is  extremely  soluble  in  water,  but  rapidly 
décomposes  even  in  a  dry  state. 

If  aqiaeous  potassium  oxalate  is  added  to  tbe  requisite  amount  of 
ferrons  oxalate  to  form  tbe  double  sait,  tbe  wbole  of  tbe  ferrons 
oxalate  does  not  go  into  solution  ;  furtber,  if  equimolecular  solutions 
of  ferrons  sulpbate  and  potassium  oxalate  are  mixed,  ferrons  oxalate 
is  precipitated.  In  gênerai,  more  of  tbe  alkaline  oxalate  is  employed 
tban  the  proportion  required  to  yield  the  double  sait.  Hence,  an  equi- 
librium  must  be  establisbed  in  solution  between  the  amounts  of  iron 
and  oxalate.  The  iron  is  not  présent  to  any  great  extent  as  free 
ferrons  ions,  as  the  blue  precipitate  with  ferricyanide  is  only  slowly 
formed.  It  seems  to  exist  chiefly  as  the  complex  anion,  Fe(C204)2 
(Rieger,  Zeit.  Elektrochem.,  1901,  7,  871),  to  wbich  the  colour  of  the 
solution  is  due.  ^  

The  double  sait,  therefore,  dissociâtes  into  2Iv  and  Fe(C20^)2,  and 
the  foregoing  equilibrium  will  be  of  the  form 

^e{Qf>,\  ^  C2O,    +    FeC204. 

In  the  présence  of  solid  ferrons  oxalate,  the  active  mass  of  the  latter 
will  be  constant,  and  we  shall  bave  as  equilibrium  équation  : 

KC\    =    K'G^,  or 
^1/^2    =  K'jK  ^    K,  a.  constant, 
that  is,  the  amount  of  ferro-oxalanion  *  in  solution   bears   a  constant 
ratio  to  the  amount  of  free  oxalanion. 

To  confirm  this  view  and  to  ascertain  the  value  of  the  equilibrium 

*  The  ionic  terminology  employed  is  that  indicateil  in  tlie  English  translation  of 
'Ostwald's  Anorganische  Chcmie, 
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constant,  the  solubility  of  ferrons  oxalate  in  potassium  oxalate  was 
determined,  the  ferrous  oxalate  being  kept  in  excess  ;  10  ce.  of  a 
solution  containing  the  molecular  weight  in  grams  per  litre  of  potass- 
ium oxalate  were  added,  and  the  whole  stirred  continuously  in  a 
thermostat  at  20°.*  The  potassium  oxalate  was  titrated  against  NjlO 
potassium  permanganate,  a  similar  estimation  being  subsequently  made 
with  the  ferrous  oxalate  mixture.  The  increase  in  the  titre  gave  the 
amount  of  ferrous  oxalate  dissolved.  Thus,  in  one  estimation,  the 
titrations  before  and  after  the  addition  of  ferrous  oxalate  were 
respectively  197'8  ce.  and  266'2  c.c.  of  permanganate.  The  increase 
is  68 '4  ce,  and  the  value  of 

CC2O4  163-6 

An  increase  in  the  time  of  stirring  raised  this  value  to  a  certain 
point  and  then  lowered  it  again.  This  resuit  is  due  to  saturation  only 
being  reached  slowly,  and  then  oxidation  causing  a  diminution.  The 
maximum  mean  value  found  for 

K  =    ^I^£^  was  0-80  (  +  0-0-2  A). 
C'ox 

This  resuit  was  checked  by  obtaining  the  equilibrium  from  the 
opposite  side.  Excess  of  ferrous  sulphate  in  molecular  solution  was 
added  to  potassium  oxalate,  and,  when  feri^ous  oxalate  was  no  longer 
precipitated,  the  solution  was  titrated.  The  errors  in  this  case  are  in 
the  opposite  direction,  as  supersaturation  will  give  too  high  values  of 
K,  whilst  oxidation  will  diminish  this  constant. 

Thus,  to  5  ce  of  2N  potassium  oxalate,  2-0  ce.  of  2JV  ferrous 
sulphate  were  added,  and,  after  standing  in  the  thermostat,  the  solu- 
tion was  titrated  with  i\710  permanganate,  filtering  olï  the  ferrous 
oxalate.     The  différence  gave  the  amount  of  this  sait  precipitated,  and 

the  foUowing  values  oî  K  =   Ç^^^àj    ^g^e   obtained  :     0-84,    0-705, 

0-72,  0-68,  1-06,  0-915.     The  mean  gives  ir=0-82.     The  mean  of  the 
first  séries  gave  lC=0-80,  whence  7^=0-81  at  20°. 
This  confirms  the  view  of  the  equilibrium 

Fe(G20,)2  ^  FeCgO,    +    C2O,, 
(solid). 

but  the  complex  may  also  dissociate  in  the  foUowing  manner  : 

Fe{G,0,),  ^  Fe^  +    2(CA), 
*  For  apparatus  used,  see  Walker  and  Lumsden  (Traus.,  1902,  81,  353). 
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giving  free  ferrons  ions,  which  may  take  part  in  development  (Luther, 
Chemische  Vorgdnge  in  der  Photographie),  although,  as  ali-eady  stated, 
their  concentration  is  small.  The  proportion  cannot  be  determined 
analytically,  but  spectrophobometric  measm-ements  will  give  some  idea 
of  it,  as  the  f erro-oxalanion  is  highly  coloured,  while  the  free  ferrons 
ion  is  practically  colourless  (F.  Peters,  Zeit.  physikal.  Cheya.,  1898,  26, 
192).  The  change  occurring  on  dihition  was  measured  in  the  Hiifner 
spectrophotometer  [Zeit.  physikal.  Chem.,  1889,  3,  562).  In  this,  the 
extinction  coefficient  E  is  equal  to  -loggcos^^,  where  6  is  the  angle  of 
rotation  of  the  analysing  Nicol.  For  convenience,  E  is  given  to  base  10. 
The  following  measurements  were  obtained  on  diluting  with  water  at 
\  =  5420|L(/x. 


Solution  strengtli. 

a.  NjlQ  FeS04  +  sat.  K2C2O4  to  10  ce. 

b.  +Ec[ualvol.  H2O  


a.  N/5  FeS04  +  sat.  K2C2O4  to  10  ce. 

b.  +  Equal  vol.  H2O  


a.  3iV7l0reSO4  +  sat.  KaCaO^tolOce. 

b.  +Equalvol.  HoO  


Augle. 

R 

Ratio  of  E. 

63-5° 
47-75 

0-700 
0-342 

2-0 

72-95 
59-2 

1-070 
0-582 

1-84 

81-52 
68-4 

1-662 

0-865 

1-92 

The  measurements  were  made  in  a  cell  of  10  mm.  thickness  at  17° 
approximately. 

They  show  that  the  concentration  of  the  ferro-oxak\nion  is  propor- 
tional  to  the  dikition,  so  that  the  equilibrium 

Fe(C204)2  —  ^e   +   2C2O4 
is  practically  negligible. 

The  following  measurements  exhibit  the  absorption  spectrum  at 
three  higher  concentrations.  The  extinction-coefficient  E  was  plotted 
against  wave-length.  The  coefficients  E^,  E^,  Ec  in  the  following  table 
correspond  with  a  concentration  of  ferrons  sulphate  in  a  satui-ated 
potassium  oxalate  solution  of  iV/10,  2V/5,  and  3iV/10  strength  re- 
spectively. 


Wave 
leiigth. 
6200 
6070 
5930 
5800 
5670 
5540 


0-144 
0-153 
0-184 
0-284 
0-350 
0-504 


0-174 
0-264 
0-294 
0-366 
0-576 
0-872 


0-180 
0-332 
0-388 
0-570 
0-892 
1-202 


Wave 

lengtli. 
5420 
5280 
5120 
5100 
5020 
4930 


Ha. 

0-700 
0-852 
1-142 

1  -232 

2  •1-20 


1-068 
1  -542 


1-665 
2-56i 
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Influence  of  Acids. 

As  ail  the  developing  solutions  employed  were  slightly  acidified 
with  sulphuric  acid,  the  action  of  acids  is  interesting.  If  increasing 
quantities  of  an  acid  are  added  to  a  ferrous  oxalate  solution,  a  point  is 
soon  reached  when  ferrous  oxalate  is  precipitated.  This  must  be  due 
to  a  disturbance  of  the  equilibrium 

and   on   the  ionic  theory  this  is  obviously  due  to   the   removal  of  the 

+ 

oxalanion  according   to  the   équation  :    C.^O^  +  2H   *—  H.^CoO^,  oxalic 


a     b 

V    \ 

c 

V 

\\ 

^ 

^ 

J l'ave  Icngths.  ->- 
Absorption  f^pedrum  of  ferrous  oxalate  in  potassium  oxalate. 


acid,  as  a  "  weak  "  acid,  being  much  iess  dissociated  than  its  salts. 
The  disturbance  therefore  increases  with  the  "  strength  "  of  the  acid, 
and  qualitative  tests  supported  this  view.  Neglecting  any  foi'mation 
of  ferrous  ions,  the  équation 

^Fe(C204) 

may  be  said  to  measure  the  complexity  ratio  (Donnan  and  Basset, 
Trans  ,  1902,  81,  945)  of  the  ferro-oxalanion,  and  the  measurements 
show  that  the  complex  ion  is  not  very  stable,  since  a  considérable 
excess  of  free  oxalate  is   required  to  keep   the   ferro-oxalanion   undis- 
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sociated.  It  may  be  pointed  out  that  solutions  supersaturated  with 
respect  to  ferrons  oxalate  are  easily  prepared,  and  this  explains  the 
complète  solution  of  the  double  sait  K2Fe(C,,0^)2,2H20  when  prepared 
according  to  Souchay  and  Lenssen's  method  {Annale7i,'1858,  105,  255). 
This  solution  is  supersaturated  with  respect  to  ferrous  oxalate.  The 
molecular  condition  of  ferrie  oxalate  solutions  is  more  complex,  as  this 
sait  itself  is  soluble.     It  is  uncertain  whether  the  complex  anion  has 

the  formula  Fe(C20^).2  or  ¥6(0204)3  ;  double  salts  corresponding  with 
both  are  known,  and  probably  both  are  existent  in  ferrie  oxalate  solu- 
tions. The  ferrie  complexes  are  probably  more  stable  than  the  ferrous, 
in  agreement  with  Abegg  and  Bodlander's  theory  of  electro-affinity 
{Zeit.  anorg.  C'hein.,  1899,  20,  453). 

Suimnary. 

(1)  The  iron   is  chietly   présent   as   the  complex  anion  ¥6(020^)2; 
this,  however,  is  not  very  stable,  and  for  the  dissociation 

¥6(020^)2  ^  ¥eCp^    +    C2O,, 
(solid). 

the  équation  ^^S9^^   =  K  holds,  the  value  found  for  K  being  0-81 

C  C2O4 
at  20°. 

(2)  Spectrophotometric  measurements  showed  that  at  moderate  con- 
centration the  dissociation 

re(CA)2  ^  -Fe    +    2C2O, 
is  negligible. 

(3)  The  action  of  acids  is  to  precipitate  ferrous  oxalate  by  disturbing 
the  equilibrium  in  (1). 

(4)  The  absorption  spectrum  at  three  concentrations  is  given. 

In  conclusion,  the  authors  désire   to   express   their   thanks   to   Pro- 
fessor  Sir  William  Ramsay,  F.R.S.,  for  his  interest  in  the  work. 

Chemical  Department, 

University  Collège, 

LONDOX. 
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XXIV. — The   Détermination   of    Molecular    Weight    hy 
Lowering  of  Vapour  Pressure, 

By  Edgar  Philip  Perman. 

Many  attempts  hâve  been  made  to  détermine  the  molecular  weights  of 
substances  by  means  of  tlie  lowering  of  vapour  pressure  of  the  solvent 
in  which  the  substances  are  dissolved,  but  hitherto  no  simple  and 
satisfactory  method  has  been  elaborated,  and  it  is  usually  stated  in 
text-books  on  physical  chemistry  that  the  method  is  of  no  practical 
value.  The  object  of  this  paper  is  to  rescue  the  method  from  the 
neglect  to  which  it  has  been  consigned. 

It  was  proposed  by  Ostwald  (Grundriss  der  allgemeinen  Chemie, 
1889,  p.  134)  to  heat  the  solution  in  the  vapour  of  the  pure  solvent 
boiling  under  atmospheric  pressure,  and  to  read  off  directly  the  différ- 
ence between  the  vapour  pressure  of  the  solvent  (that  is,  the  atmo- 
spheric pressure)  and  that  of  the  solution.  Although  this  differential 
method  is  very  simple  theoretically,  yet  practically  there  are  many 
difficulties  to  be  overcome.  I  believe  I  hâve  so  far  mastered  thèse 
difficulties  as  to  make  the  method  practicable  for  ordinary  laboratory 
use. 

The  chief  difficulty  is  to  drive  ont  of  the  solution  every  trace  of  air, 
and  to  prevent  it  from  re-entering.  In  my  first  experiments,  I 
obtained  a  normal  dépression  of  vapour  pressure,  which  slowly  de- 
creased  until  it  became  zéro.  After  ascribing  this  to  leaks  and  to 
superheating,  I  discovered  the  true  cause  to  be  a  ti'ace  of  air  left  in 
the  solution,  which  is  gradually  evolved  on  continued  heating.  The 
air  can,  however,  be  completely  expelled  by  sufficiently  long  boiling. 

Apparatus.— The  apparatus  consists  of  a  U-tube,  A,  4-5  mm.  in 
diameter,  connected  on  one  side  with  a  long  tube,  C,  about  l'3  mm.  in 
diameter,  and  on  the  other  side  with  a  short  tube,  B,  about  14  mm.  in 
diameter,  and  having  a  small  bulb  blown  in  the  centre.  The  lengths 
are  approximately  as  follows  :  the  tube  A,  each  limb,  7  cm.,  the 
tube  £  6  cm.  (wide  portion  only),  the  tube  C  23  cm.  to  stopcock  I), 
which  is  of  0*5  mm.  bore,  and  should  be  "  diagonal"  and  thoroughly 
well  ground. 

The  dimensions  may  be  varied  somewhat,  but,  after  many  trials, 
thèse  hâve  been  found  to  work  best.  The  diameter  of  C  must  not  be 
much  less  than  that  given,  especially  if  water  is  used  as  a  solvent,  for 
otherwise  columns  of  liquid  are  formed  which  make  the  pressure 
unreadable.  The  whole  is  heated  in  a  vapour  jacket,  U,  and  is  held  by 
a  split  cork,  which,  however,  need  not  be  completely  divided.     F  is  s^ 
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condenser  tube  fused  on  to  E,  but  it 
may  pass  through  tbe  cork,  when  the 
apparatus  will  be  somewhat  simpler 
to  make. 

Method  of  Experimenting. — In  order 
to  ensure  success,  the  détails  of  the 
manipulation  must  be  very  carefully 
followed,  The  inner  tube  is  removed 
from  the  outer  jacket,  inverted,  and 
clamped  just  above  the  stopcock  ;  it  i 
is  then  exhausted  by  means  of  a 
water-air  pump,  the  connection  being 
made  most  conveniently  with  a  long 
pièce  of  thick-walled  indiarubber  tube. 
The  stopcock  is  turned,  and  mercury 
is  admitted  in  sufficient  quantity  to 
serve  as  a  pressure  gauge  (after  one 
or  two  trials  this  will  be  judged  very 
easily).  The  mercury  is  allowed  to 
run  into  the  wide  part  of  the  tube, 
which  is  then  again  exhausted  and 
weighed,  together  with  the  mercury 
it  contains,  to  0-01  gram.  The  most 
convenient    way    of    supporting    the 

tube   on    the   balance    is  to   let   the  \-~-'/     f\ 

bottom  of  the  U  l'est  on  the  pan,  and 
to  maintain  the  tube  in  position  by 
a  loop  of  wire,  which  slides .  along 
the  narrow  tube,  C,  and  may  be  fixed 
over  the  hook  of  the  balance. 

The  next  opérations  are  to  invert 
the  tube  again  and  to  tap  out  any 
air-bubbles  appearing  between  the 
mercury  and  the  glass  ;  there  is  no 
difficulty  in  effecting  this,  unless  the 
end  of  the  tube  B  is  drawn  into  too 
fine  a  point. 

The  solution  is  made  up  in  a  small 
weighing  bottle,  in  which  the  sub- 
stance under  investigation  is  first 
weighed,  and  is  then  introduced  into 
the  tube  by  carefully  turning  the 
stopcock,  the  weighing  bottle  being  rinsed  by  two  or  three  small 
quantities  of  the  solvent. 
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The  tube  is  left  open  to  tlie  air,  and  the  solution  is  boiled  briskly 
by  a  small  Bunsen  burner  flame,  the  burner  being  waved  gently 
underneath  the  wide  tube,  B. 

This  method  of  boiling  out  has  been  found  by  careful  trial  to  be 
the  most  successful  in  avoiding  bumping,  and  can  be  adapted  to  any 
solvent.  Ether  can  be  boiled  out  very  easily  in  this  way.  Chloro- 
form  condenses  entirely  in  the  narrow  tube,  unless  the  latter  is  also 
heated,  and  the  boiling  is  best  effected  by  a  large  flame  moved  to 
and  fro  along  the  tube.  The  solution  should  be  reduced  to  about 
half  its  bulk,  and  the  stopcock  is  then  turned.  If  there  is  any  liquid 
in  the  capillary  tube  outside  the  stopcock,  it  must  be  removed  by 
the  pump.  The  tube  and  contents  are  next  weighed  again,  and  the 
excess  over  the  previous  weighing  gives  the  weight  of  the  solution  ; 
on  deducting  from  this  the  weight  of  the  substance  taken,  the 
weight  of  the  solvent  is  obtained. 

The  tube  is  now  placed  in  the  vapour  jacket  and  heated  steadily. 
If  a  long  column  of  liquid  should  remain  in  the  narrow  tube,  C,  it 
is  best  to  withdraw  it  by  means  of  the  pump,  turning  the  stopcock 
very  cautiously. 

When  the  solution  has  been  heated  2  or  3  minutes,  the  stopcock 
may  be  opened,  when  the  mercury  will,  as  a  rule,  be  slowly  depressed. 
Eeadings  should  be  taken  between  5  and  10  minutes  after  the  solu- 
tion bcgins  to  be  directly  heated  in  the  vapour  ;  the  tube  should  be 
shaken  by  tapping,  or,  better,  by  rocking  the  projecting  tube  slightly. 
Even  if  a  trace  of  air  remains  in  the  solution,  accurate  readings 
can  be  obtained  if  made  not  more  than  10  minutes  after  the  heating 
has  begun, 

The  dépression  is  thus  obtained,  but  it  must  be  corrected  for  the 
solution  above  the  mercury  column  on  each  side.  For  this  purpose, 
the  heights  of  the  solution  are  read  as  well  as  the  mercury,  and  in 
order  to  obtain  the  relation  between  the  density  of  the  solution  and 
that  of  the  mercury  the  point  of  the  tube  C  is  broken,  and  readings 
of  both  mercury  and  solution  again  made  under  atmospheric  pres- 
sure on  each  side. 

The  length  of  the  left-hand  column  (see  figure)  will  not  be  the 
same  at  the  second  reading  as  at  the  first,  owing  to  the  varying  dia- 
meter  of  the  tube,  but  a  proportional  correction  is  easily  made.  The 
heights  can  be  read  conveniently  on  a  mirror  scale  placed  behind  the 
whole  apparatus,  or  the  U-tube  may  be  graduated,  or,  again,  a  reading 
microscope  may  be  employed.  For  the  convenience  of  those  using  the 
method,  the  varions  opérations  are  hère  concisely  stated  :  exhaust — 
introduce  mercury — exhaust — weigh.  Tap  out  air-bubbles — introduce 
solution — boil  out— remove  any   liquid   outside  stopcock,  and   weigh. 
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Heat  the  apparatus  in  tbe  vapour  jacket — if  necessary  pump  out  solu- 
tion in  narrow  tube — open  to  the  air — read — turn  ofE  stopcock — break 
off  the  point  of  the  tube,  reopen  stopcock  and  read  the  data  for  the 
correction.     It  is  necessary  also  to  read  the  barometric  height. 

Calculation  of  Results. — Let  m  be  the  required  molecular  weight, 
J/  the  molecular  weight  of  the  sol  vent,  w  the  weight  (in  grams)  of  the 
substance  taken,  and  TFthe  weight  of  the  solvent,  p  the  height  of  the 

w.  M.  jy. 


barometer,  and  d  the  dépression  ;  then  m  = 
The  followins  results  hâve  been  obtained 


W.  d. 


u:  IF. 

Substance.  Solvent,  gram.s.  grams. 

Carbamide  Watev  0-4772  5-43 

.,  0-4594  3-76 

,,  0-3136  5-90 

.,  0-9858  4-8-2 

.,  1-459  3-93 

Cane  sugar ,,  0-9582  2-64 

.,  0-3710  2-65 

jD-Nitrotoluene  Chloroform  0-0726  2 '42 

,,  0-0754  2-86 

Phenyl  salicylate  ,,  0-1894  2-73 

2-Phenyl-l  :  3-dimethyl- /  ,,  02202  2-79 

1  : 3-dibeuzoylpropane  l.  ..  0-2202  3-25 

)3-Xaphthol    .,  0-1056  3-13 

,,  0-1988  4-58 

Naphthalene  Etlier  0-1235  2-29 

,,  0-1512  1-30 

Diphenylamine .,  0-1636  1-79 

,,  0-1779  1-39 

],              ..  0-1642  1-78 

,.  01744  1-70 


P- 

d. 

mm. 

mm. 

VI.    m 

(cale. 

772-0 

20-5 

59-6 

60 

772-0 

28-5 

59-6 

60 

773-6 

13-0 

56-9 

60 

770-0 

42-0 

67-5 

60 

765-0 

65-0 

78-6 

60 

754-8 

14-5 

340-0 

342 

733-3 

5-5 

336-0 

342 

770-9 

•20-0 

138-0 

137 

776-7 

16-9 

144-5 

137 

775-4 

31-1 

206-4 

214 

775-4 

21-6 

33S-0 

356 

766-9 

16-3 

380-0 

356 

772-1 

21-9 

142-0 

144 

770-2 

•28-9 

138  0 

144 

754-6 

23-7 

127-0 

128 

754-6 

50-5 

129-0 

1-28 

766-8 

.29  0 

1790 

169 

766-8 

40-7 

178-0 

169 

760-4 

32-9 

1580 

169 

766-8 
ALean  . 

34-9 

167-0 

170 '5 

169 

It  will  be  seen  that  the  results  are  as  good  as,  and  of ten  even  better 
than,  those  usually  obtained  by  the  boiling  point  method.  The  last 
two  with  carbamide  in  water  are  from  very  concentrated  solutions,  so 
that  the  normal  molecular  weight  could  not  be  expected.  The  aqueous 
solutions  were  not  heated  in  exactly  the  same  way  as  the  others,  the 
source  of  heat  being  steam  blown  in  from  another  vessel  ;  the  tempera- 
tui-e  was  probably  more  constant  than  with  the  other  solvants.  The 
method  is  Avell  suited  for  ordinary  laboratory  use,  especially  for  teach- 
ing  purposes.  The  apparatus  required  is  simple  and  inexpensive. 
VOL.  LXXXVII.  P 
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In  conclusion,  I  wish  to  express  my  best  thanks  to  Mr.  J.  H.  Davies, 
B.Sc,  for  the  valuable  assistance  he  tas  given  me  in  carrying  ont 
the  work. 

University  Collège, 
Cardiff. 


XXV. — Electrolytic  Oxidation    of  Aliphatic  Aldéhydes. 

By  Herbeet  Drake  Law. 

Although  many  investigators  hâve  studied  the  electrolytic  oxidation 
of  the  acids  and  alcohols  of  the  aliphatic  séries,  very  little  is  known 
of  the  behaviour  of  the  corresponding  aldéhydes  when  subjected  to 
the  action  of  electrolytic  oxygen.  For  this  reason,  it  seemed  to  be 
of  interest  to  study  the  action  of  anodic  oxygen  on  certain  aldéhydes 
of  the  aliphatic  séries.  To  a  certain  extent,  the  choice  of  the  aldé- 
hydes was  circumscribed,  because  those  having  a  higher  formula 
than  C4H;^Q0  are  practically  insoluble  in  water  or  dilute  acids. 

Two  sets  of  experiments  hâve  been  carried  ont,  the  fii"st  to  ascertain 
the  volatile  or  gaseous  substances  which  are  produced,  and  the  second 
to  study  the  non-volatile  or  soluble  constituents.  The  products  ob- 
tained  by  the  action  of  the  electrolytic  current  may  vary  very  con- 
siderably  between  the  beginning  and  the  end  of  the  electrolysis.  That 
is,  the  results  obtained  may  be  very  much  complicated  by  secondary 
changes,  because  the  substance  first  produced  by  the  electric  current 
may  itself  be  f  urther  alîected. 

For  studying  the  gaseous  products,  Hofmann's  apparatus,  such  as  is 
employed  for  showing  the  volumetric  constitution  of  water,  was  used. 
For  studying  the  soluble  products,  a  porous  cell  was  employed  as  anode 
compartmeut  and  a  beaker  placed  in  a  vessel  of  cold  water  as 
cathode  compartment.  In  the  expérimental  portion  of  this  paper,  the 
production  of  the  gaseous  substances  will  be  considered  first. 


Expérimental. 

Both  limbs  of  a  Hofmann's  apparatus  were  graduated,  and  the 
junction  between  the  tubes  was  packed  with  filter  paper  to  act  as  a 
diaphragm  and  to  prevent  diffusion  of  the  gaseous  products  from  the 
anode  and  cathode.  The  électrodes  were  of  sheet  platinum,  the  active 
surface  of  which  was  12  "5  square  centimètres. 

The  gases  to  be  analysed  were  either  measured  directly  in  the 
Hofmann's  apparatus  or  were  first  run  into  a  graduated  pipette.     The 


ALIPHATIC    ALDEHYDES. 


199 


■-I  r-(      m 


•9  X  " 

S. 2  a 


00     «p  Ç>     î'  "? 


:§   £  § 


^  fN  iM 

lO  lO  lO 

t^  r^  t-. 


B-^' 


'S,  t2 


s  s; 


"o'o  > 

ip 


:_-         M      S 


73  « 

S -2 


ai  ,0 


âOÔ  LAW:    ELECTROLYTIC   OXIDATION   OF 

analysis  of  the  gases  was  conducted  by  means  of  Hempel's  bulbs.  In 
thèse  expei'iments,  the  gases  liberated  were  carbon  dioxide,  carbon 
monoxide,  oxygen,  méthane,  and  ethane.  The  oxygen  was  absorbed  in 
an  alkaline  solution  of  potassium  pyrogallate,  and  the  hydrocarbons 
were  determined  by  explosion  with  oxygen.  The  current  used  was 
measiired  on  an  ammeter  previously  graduated  against  an  oxygen 
coulombmeter.  For  the  non-volatile  products,  the  electrolysis  was  con- 
ducted in  a  porous  pot  of  about  400  ce.  capacity.  This  was  fittedwith 
a  cork,  through  which  passed  a  rotating  platinum  anode,  the  area  of 
which  was  37  "5  sq.  cm.  A  pièce  of  stout  platinum  wire  wound  round 
the  porous  pot  served  as  cathode.  The  anode  compartment  was  placed 
in  a  stout  glass  jar,  which  in  turn  was  surrounded  by  another  vessel 
through  which  cold  water  could  be  circulated  in  order  to  keep  the 
apparatus  cool  during  the  experiment.  In  thèse  experiments,  mono- 
basic  acids  containing  the  same  number  of  carbon  atoms  as  the  aldé- 
hyde were  detected.  In  most  cases,  sulphuric  acid  was  used  to  render 
the  solution  conductive.  The  amount  of  acid  formed  was  determined 
by  fîrst  estimating  the  total  acidity  of  the  solution  by  titration  against 
normal  caustic  soda.  The  amount  of  sulphuric  acid  présent  was  then 
found  by  précipitation  with  barium  chloride,  and  the  différence  gave 
the  acidity  due  to  the  organic  acid, 

The  experiments  indicated  in  the  foregoing  table  show  the  effects  of 
varying  conditions  on  the  gaseous  products  of  oxidation.  In  experi- 
ment Cj  the  solution  from  b  was  allowed  to  run  back  from  the  réservoir 
and  was  electrolysed  again  to  détermine  the  influence  of  the  accumu- 
lated  formic  acid.  This  also  applies  to  experiment  e,  which  is  a 
répétition  of  d.  Experiments  /,  g,  h  show  the  effects  produced  by 
changing  the  constitution  of  the  electrolyte.  In  h,  only  the  carbon 
monoxide  was  estimated,  as  the  carbon  dioxide  was  absorbed  in  the 
sodium  hydroxide  présent  as  electrolyte.  To  compare  the  results,  the 
following  table  is  given  : 

I. 
Oxygen 
équivalent,  to 


Strengtli  of 

Ampère 

2  ampère 

Vol. 

Carbon 

Carbon 

aldéhyde. 

hours. 

hours. 

of  gas. 

dioxide. 

Oxygen. 

monoxide. 

j.  3-5  percent. 

2 

417  ce. 

124-9  ce. 

3-9  ce 

73-5  ce 

40-2  ce 

2.   10 

.     2 

417    „ 

55-8    ,, 

2-6   ,, 

24-0   ,, 

24-0   ,, 

3.   10        „       . 

.     2 

417    ,, 

88-3    ., 

26-3    ., 

26-3    ., 

31-3   „ 

4.  15 

.     2 

417    ,, 

66'5   ,. 

12-9    „ 

19-2    ,, 

32-1    ,, 

5.  15 

.     2 

417   ,, 

75-9    ,. 

14-9   ,, 

23-6    „ 

35-9    ., 

6.   10         „       . 

.     2 

417    ,, 

102-4    ,, 

2-1    ., 

38-4    „ 

51-2    „ 

{hïghKM.F.) 

7.   10  per  cent. 

..     2 

417   ,, 

49-8   „ 

11-1    ,, 

16-2    ,, 

16-6    ,, 

(dilute  acid). 

8.   10  per  cent. 

.     2 

417   „ 

— 

— 

12-9    „ 

4-3   ,, 

(sodium  hydroxide). 

In  ail  the  preceding  experiments,  and  in  those  which  follow,  the 
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results  varied  somevvhat  on  rei^etition,  and  for  this  reason  the  mean  of 
tvvo  or  more  experiments  is  given.  In  the  above  table,  ex  périment  2 
corresponds  with  b,  previously  given.  Hère  only  a  small  volume  of 
gas  was  liberated,  and  therefore  a  mean  value  of  experiments  h  and  c 
is  given  in  3  for  comparison.  Number  5  is  also  the  mean  of  experi- 
ments d  and  e.  Numbers  6,  7,  and  8  correspond  with  y,  h,  and  g. 
Numbers  1  to  5  show  the  effects  of  a  change  in  the  concentration  of 
the  formaldehyde. 

The  formation  of  carbon  monoxide  may  be  represented  as  in 
équation  V.  From  this  it  would  be  expected  that  changes  in  the 
concentration  of  the  aldéhyde  would  hâve  very  little  eiïect  on  the 
quantity  of  this  gas  formed.  The  amount  of  oxygen  set  free  of  course 
decreases  as  the  concentration  increases.  In  number  7,  with  more 
dilute  acid,  the  amount  of  active  oxygen  set  free  should  be  increased, 
and  consequently  the  amount  of  carbon  monoxide  liberated  should 
increase.  However,  the  E.M.F.  was  much  higher  in  this  experiment, 
and  so  the  tendency  to  form  carbon  dioxide  directly  from  the  aldéhyde 
will  be  greater,  as  is  actually  the  case. 

In  experiment  8,  where  sodium  hydi'oxide  is  vised  as  electrolyte, 
the  hydroxide  group  will  be  liberated  at  the  anode,  and  active 
oxygen  will  be  formed  only  as  the  resuit  of  a  secondary  reaction, 
Consequently,  the  amount  of  carbon  monoxide  formed  from  this  oxygen 
will  be  smaller  than  in  the  other  experiments.  The  formation  of  this 
gas  faveurs  the  assumption  of  quadrivalent  oxygen. 


Non-volatile  Portions. 
Thèse  were  found  to  be  formic  acid,  the  formation  of  which  may  be 


epresented  as  in  équation  I  (p.  203). 


Acid 

Total 

calculated 

oxygen 

Current  in 

E.M.F. 

Ampère 

in  c.c. 

liberated 

Solution. 

ampères. 

in  volts. 

houis. 

of oxygen. 

in  c.c. 

1. 

20  grams  of  formaldehyde, 

37  grams  of  sulpluiric  acid 

•2-0 

3-4 

10 

1423 

2085 

(Total  vol.  =370  c.c.) 

ii. 

30  graras  of  formaldehyde, 

conditions  as  before    

4-0 

7-0 

10 

15.50 

2085 

iii. 

30  grams  of  formaldehyde, 

conditions  as  before    

•2-0 

3—4 

10 

1579    • 

2085 

In  thèse  experiments,  the  cathode  solution  consisted  of  10  per  cent, 
sulphuric  acid  ;  the  acid  formed  is  given  in  terms  of  the  oxygen 
reqviired  to  produce  this  quantity  of  acid.  Thèse  results  agrée  with 
the  preceding  ones.  If  the  total  yield  of  oxygen  is  calculated  from 
experiment  iii  and  experiment  6  of  Table  I,  the  resuit  is  0"7  per  cent, 
too  high,  thus  the  agreement  is  faii-ly  good. 
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In  experiments  a,  b,  c,  the  effects  of  a  change  in  concentration  of 
the  aldéhyde  are  shown.  In  d  and  e,  the  current  density  has  been 
changed.  To  compare  thèse  results,  the  following  table  is  given. 
Hère  it  will  be  seen  that  the  absorption  of  oxygen  is  very  complète, 
the  bulk  being  used  to  form  acetic  acid. 


Streugth 

of 
aldéhyde. 

1.  4  per  cent...     : 

2.  10         ,,       ... 

3.  15         „       ...     : 

4.  10       ,,      ...    : 

(current  =  0 '4). 

5.  10  per  cent...     : 

(current  =  0-6). 


Ampère    Vol.  of 
hoirrs.  gas  in  c.  c. 


34-0 
15-9 
19-3 
18-4 

31-6 


II. 

Carbon 
dioxide 
in  ce. 

1-1 

7-9 
14-4 

9-0 

15-5 


Oxygen  equi 
Carbon  valent  in 

monoxide  Oxygen   ilethane    2  ampère 


in  c.c. 
0-3 
0-5 
0-4 
0-6 

1-3 


m  c.c. 

28-0 

5-4 

1-3 

7-3 

12-4 


in  c.c. 
1-4 
1-5 
2-1 
1-3 

1-5 


hours. 
417 

417 
417 
417 

417 


The  followiug  équations  represent  the  formation  of  each  product 


V. 


I. 

«<-oh: 

-Oïl 

IL 

;H0-      R-C<Qjj     -OH 

III. 

^>c:o      i: 

IV. 

()     TT^C.O        0 

1     ^                1 

-    RC< 


.0 

OH   +    H.,0 


Ô   g|>c:o 


RH   +    00.,. 
ROH    +    00.^. 
ROH    +    CO. 


As  in  the  previous  set  of  experiments,  the  car  bon  dioxide  increases 
as  the  oxidation  proceeds.  Thus,  it  must  be  assumed  that  part  of  this 
gas  is  formed  by  the  further  oxidation  of  the  acetic  acid  accumulated 
during  the  electrolysis.  Carbon  dioxide,  however,  is  always  présent 
in  the  gases  at  the  anode.  For  this  reason,  équations  III  and  IV  are 
given.  Equation  III  also  indicates  the  formation  of  méthane  and 
ethane.  Equation  V  shows  the  formation  of  carbon  monoxide.  Ac- 
cording  to  thèse  équations,  alcohol  should  be  formed,  However,  the 
quantity  of  this  substance  must  hâve  been  very  small  and  in  no  case 
could  it  be  detected.  According  to  équation  III,  the  amouut  of  carbon 
dioxide  présent  should  never  be  less  than  that  of  the  hydrocarbon. 
Number  1,  Table  II,  however,  shows  a  slightly  smaller  proportion; 
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this  was  found  to  be  due  to  the  fact  that  the  anode  solution  was  not 
quite  saturated  with  carbon  dioxide  on  commencing,  and  as  the  experi- 
ment  proceeded  resulfcs  were  obtained  agreeing  with  the  theory.  On 
exploding  the  méthane  with  oxygen,  a  decrease  in  volume  should  take 
place.  On  absorbing  the  carbon  dioxide  formed,  there  should  be  a 
further  decrease,  and  thèse  two  diminutions  should  be  in  the  ratio  of 
2:1.  The  mean  ratio  for  four  différent  explosions  was  found  to  be 
31'8:16.  This  agrées  with  the  theoretical  value,  The  gas  was  in- 
flammable, but  the  quantity  was  so  small  that  no  further  expérimenta 
could  be  undertaken. 

JVon-volatile  Portions. 
In  thèse  experiments,  nothing  but  acetic  acid  was  detected. 


Acid 

Total 

calculated 

oxygen 

Cunent  iu 

E.M.F. 

Ampère 

iu  ce. 

liberated 

Sohition. 

ampères. 

in  volts. 

liours. 

of  oxygen. 

in  ce. 

15    grams  of  acetaldeliyde, 

37  grams  of  sulphuric  acid 

20 

4—4-5 

11-5 

2099 

2398 

(Total  vol.  =370  ce.) 

30   grams   of  acetaldçhyde, 

conditions  as  before 

5-0 

7-0 

12-9 

2368 

2690 

The  cathode  solution  consisted  of  10  per  cent,  sulphuric  acid  ;  the 
amount  of  acid  formed  is  given  in  terms  of  the  oxygen  required  to 
produce  this  change.  The  calculation  of  the  total  yield  of  oxygen  in 
experiments  ii  and  5  (Table  II)  gives  a  resuit  3  per  cent,  too  high. 
Considering  that  the  conditions  were  not  quite  the  same,  the  agreement 
is  good. 

The  gases  liberated  in  the  above  experiments  were  shaken  up  with 
fuming  svilphuric  acid.  A  small  diminution  in  volume  occurred,  but 
this  never  amounted  to  more  than  0-2  ce,  It  was  concluded  there- 
fore  that  no  unsaturated  hydrocarbons  wei'e  présent  in  the  gaseous 
mixture.  The  équations  already  given  hold  good  in  this  case,  R  now 
representing  the  ethyl  group,  as  before  the  residual  gases  were  analysed 
by  explosion.  The  ratio  of  the  two  diminutions  in  volume  was  found 
to  be  13  :  10*1  in  three  experiments,  whilst  the  theory  requires  a  ratio 
of  13  :  10'4.  This  gas  was  inflammable,  but  no  further  experiments 
were  conducted,  as  the  volume  was  very  small. 


Non-volatile  Portions. 


Total 


Carrent  in 
Solution.                     ampères. 

E.M.F. 
in  volts. 

Ampère 
hours. 

Acid 

in  terms 

of  oxygen. 

oxygen 

liberated 

in  ce. 

grams     of    propaWehyde 
35  grams  of  sulphuric  acid.       2-0 
(Total  vol.  =3,50  ce) 

3-5 

10 

1540 

2085 
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In  this  experiment,  the  cathode  solution  was  10  per  cent,  sulphuric 
acid.  The  total  oxygen  used  in  this  experiment  and  2  (Table  III) 
gives  a  resuit  1  '7  per  cent,  higher  than  that  required  by  theory. 


Vol. 

Carbon 

Carbon 

ol'gas 

monoxide 

dioxide 

Oxygen 

ni  ce. 

m  ce. 

m  ce 

in  ce. 

369 -.5 

31-5 

0-0 

331-5 

Carbon 
Current  E.M.F.  Carbon  mon-  Total 

in  in  Press,  dioxide  oxide  Oxygen  vol. 

Solution.       Temp.  ampères,  volts.     Time,      in  mm.  in  ce.  in  ce  in  ce.  in  ce. 
4  grams  of  iso- 
but  aldéhyde, 
20    grams    of 

sulphuric  acid     16"         0-2  4       1  h.  20  m.     756         4-2       O'O       44-2       49-6 

(Total  vol.  =200  ce) 

IV. 

Oxygen 
Strength  of       Ampère    équivalent  to 
solution.  hours.   2  ampère  hours, 

2  per  cent 2  417 

In  this  case,  the  aldéhyde  is  only  slightly  soluble  in  water.  This 
may  account  for  the  absence  of  carbon  monoxide  and  the  hydro- 
carbons. 

Non-volatile  Portions. 

Acid 
Current  calculated      Total 

Ampère     in  ce.        oxygen 
hours.    of  oxygen.  liberated. 

10  177  2085 


The  cathode  cell  contained  10  per  cent,  sulphuric  acid.  A  calculation 
of  the  amount  of  oxygen  used  in  the  two  preceding  experiments  gives 
a  resuit  3 '5  per  cent,  too  high.  The  agreement  with  the  theory  is 
good,  considering  that  the  amount  of  oxygen  absorbed  is  very  small. 

Conclusions. 

Starting  from  an  alcohol,  the  oxidation  takes  place  in  the  following 
stages  : 

;RCÏÏ2-0H  -^  RCHIO  — ^  ECO-OH 
^  i         . 

R-CO-OH ^  C<Q 

In  addition  to  thèse  products,  smaller  quantities  of  other  substances 
are  formed,  but  the  chief  reactions  are  as  indicated  on  p.  203.  In 
this  work,  the  formation  of  alcohols  has  been  assumed  in  équations 
II,  IV,  and  V,  but  the  quantity  of  thèse  substances  produced  would, 

VOL.   LXXXVIL  Q 


in 

E.M.F. 

Solution.                     ampères. 

in  volts. 

per  cent,  solution  of  «sobutaldehyde, 

37  grams  of  sulphuric  acid 2-0 

2-5 

(Total  vol.  =370  ce) 
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however,  be  too  small  to  be  detected.  They  are  formed,  however, 
during  tlie  oxidation  of  the  aliphatic  acids  represented  in  équation  II 
(Kolbe,  Hofer,  and  Moest,  Annalen,  1902,  323,  304;  Foerster  and 
Piguet,  Zeit.  Elektrochem.,  1904,  10,  729).  From  this  point,  the  oxida- 
tion would  go  on  as  in  the  foregoing  scheme.  Thus,  it  is  possible 
that  in  the  oxidation  of  the  compounds  of  the  aliphatic  séries  there  is 
a  graduai  breaking  up  into  compounds  containing  less  and  less  carbon 
atoms  until  the  final  stage — carbon  dioxide — is  reached.  One  step  in 
the  oxidation  is  still  missing.  So  far,  the  hydrocarbons  hâve  given  no 
oxidation  j^roducts.  Numerous  attempts  which  hâve  been  made  in  this 
laboratory  to  bring  about  this  step  hâve  led  to  a  method  which 
promises  to  be  successful.  On  oxidising  the  alkyl  iodides,  a  pi-ecipita- 
tion    of    iodine  is  obtained,  and  the  coi-responding  acid  is  found  in 

solution,  ECHgl  -^  IlC<j   — >   RC<Q-g-  +  ÏÏI  ,     the    hydriodic 

acid  supplying  the  liberated  iodine.  This  behaviour  would  agrée  with 
that  of  the  aromatic  hydrocarbons  (Law  and  Perkin,  Trans.  Faraday 
Soc,  1905,  I,  31). 

If  thèse  views  are  correct,  during  the  oxidation  of  acetic  acid  a 
small  quantity  of  formic  acid  will  be  produced,  and  it  was  thought 
that  the  formation  of  this  substance  might  account  for  the  appearance 
of  the  hydrocarbons  in  the  following  manner  : 


CH4   +    2CO 


This  has  been  tried,  but  without  success.     Further  experiments  with 
thèse  aldéhydes  are  still  in  progress. 

In  conclusion,  I  wish   to  express  my  gratitude   to  Dr.    F.    Mollwo 
Perkin  for  the  facilities  and  help  given  during  this  work. 

BOEOUGH  POLTTECHNIC, 

103,  BOROUGH  ROAD,  S.  E. 


XX VL — TheAnalysis  of  Samples  of  Milk  referred  to  the 
Government  LabayrUory  in  connection  with  the 
Sale  of  Food  and  Drugs  Acts. 

By  Thomas  Edward  Thorpe,  C.B..  F.R.S. 

In   connection   with   the   administration   of   the   Sale  of  Food   and 
Drugs  Acts,  samples  of  milk  are  frequently  referred  by  magistrates, 
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under  the  provisions  of  the  Acts,  to  the  Government  Laboratory  for 
examination. 

Thèse  referred  samples  are  invariably  more  or  less  sour  when 
received,  and  hence  it  is  of  importance  to  détermine  whether  this 
fact  in  any  way  prevents  a  true  inference  as  to  the  character  of  the 
fresh  milk,  or  interfères  with  the  détermination  of  the  degree  of 
sophistication  to  which  the  milk  may  hâve  been  subjected. 

The  charges  usually  brought  against  milk  by  public  analysts  arc 
that  it  lias  been  mixed  with  water,  or  with  skim-milk.  The  proof  or 
dispi'oof  of  the  allégation  dépends  upon  a  détermination  in  the 
sample  (1)  of  the  amount  of  fat;  and  (2)  of  the  total  amoiint  of  the 
constituents  other  than  fat  and  water. 

As  regards  the  fat,  it  would  appear  that  bacteria  which  produce 
steatolytic  enzymes  do  not  develop  to  any  considérable  extent  in 
sour  milk.  At  ail  events,  the  amount  of  butter-fat  suffers  little,  if 
any,  altération  during  the  souring  of  the  milk.  Expérimental  proof 
of  this  is  afforded  by  the  following  figures  : 


Fat,  per 

Sample.  cent. 

No.  1.   Fresh  milk    4-08 

Aftei- 12  weeks 4-09 

No.  2.  Fresh  milk    317 

After  4  weeks   3'16 

No.  3.   Fresh  milk    4-16 

After  6  weeks 4-18 

,,     14è     ,,      4-18 

No.  4.  Fresh  milk    472 

After  6  weeks  4-65 

No.  5.   Fresh  milk    328 

After  /ç  weeks     3'25 

,,     11"      ,,         3-34 

„     13        ,,         3-27 

No.  6.  Fresh  milk    4-49 

After  8  weeks  4 '35 

No.  7.  Fresh  milk    4  07 

After  11  weeks 4'06 


Fat,  pei 

Sample.  cent. 

No.     8.   Fresh  milk 4-19 

After  13  weeks  4-14 

No.     9.   Fresh  milk 4-07 

After  13  weeks  4  01 

No.  10.  Freshmilk 3-70 

After  13  weeks  3  (59 

No.  11.  Freshmilk 5-32 

After  13  weeks  5 '20 

No.  12.   Freshmilk 3-98 

After  13  weeks  3-83 

No.  13.   Fresli  milk 3-58 

After  2  weeks 3-57 

,,    4      ,,     3-53 

,,     6      ,,     3-53 

„     8      ,,     3-51 


The   results   are   not   affected   by   the   présence   of   added   water. 
Thus,  by  the  addition  of  10  per  cent,  of  water:  — 


Sample. 

No.  1.   Fresh  milk    3-44 


Fat,  per 
cent. 


After  2  weeks 
,,     4       ,, 


3-41 
3-40 


Fat,  i)er 

Sample.  .  cent. 

No.  2.   Fresh  milk    2-79 

After  5i  weeks I^'^g 

Q  2 
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With  approximately  25  per  cent,  of  added  water  : 


Fat,  per 

Saraple.  cent. 

No.  1.  Fresli  milk    2-84 

After  2  weeks  2-89 

,,     4      ,,        2-84 

,,     6      ,,        2-84 

,,     8      .,        2-85 


Fat,  per 
Sample.  cent. 

No.  2.  Fresh  milk    172 

After  2  weeks  l'7l 

„     4      „        1-73 

,,     6      ,,        1-69 


Thèse  results,  it  sliould  be  noted,  were  obtained  from  a  great 
variety  of  samples  in  varions  stages  of  fermentative  change,  by 
assistants  working  independently,  and  at  différent  periods  during 
the  last  ten  years,  but  ail  using  substantially  the  same  method  of 
extraction,  both  with  the  fresh  and  sour  milk.  The  numbers  are 
almost  invariably  the  mean  of  duplicate  experiments  which,  as  a 
rule,  differed  among  themselves  by  amounts  not  greater  than  002 
per  cent. 

They  serve  to  establish  that  if  the  fat  in  milk  suffers  any  altéra- 
tion in  amount  as  the  milk  becomes  sour,  it  is  too  inconsiderable  to 
affect  to  any  substantial  extent  the  expérimental  proof  of  the 
validity  of  any  charge  based  on  an  alleged  deficiency  in  fat. 

As  regards  a  charge  based  on  an  alleged  deficiency  of  non-fatty 
solids,  the  matter  is  not  so  simple,  for  hère  there  is  no  question  that 
the  aggregate  weight  of  the  non-fatty  solids  in  milk  is  affected  to  a 
greater  or  less  extent  by  the  fermentative  changes  associated  with 
its  souring.  It  is  necessary,  therefore,  to  examine  thèse  changes  in 
some  degree  of  détail,  in  order  to  ascertain  their  bearing  on  the 
expérimental  facts  needed  to  establish  the  inference  of  sophisti- 
cation, and  to  détermine  its  extent. 

As  is  well  known,  the  principal  constituent  of  milk  which  suffers 
change  in  the  process  of  souring  is  the  lactose.  From  it  lactic  acid 
is  formed  at  an  early  stage,  the  rapidity  of  formation  depending, 
within  certain  limits,  on  the  température.  That  the  production  of 
lactic  acid  is  due  to  the  action  of  micro-organisms  was  clearly 
established  by  Pasteur,  who  was  the  first  to  describe  a  characteristic 
organism  of  lactic  fermentation.  Lister  in.  1877,  Hueppe  in  1884, 
and  Giinther  and  Thierfelder  in  1894,  amongst  other  observers,  hâve 
isolated  and  described  varions  bacteria  capable  of  transforming 
lactose  into  lactic  acid,  and  it  has  beeu  stated  that  upwards  of  100 
kinds  of  micro-organisms  are  now  known  to  hâve  the  power  of  effect- 
ing  this  change  (Swithinbank  and  Newman,  Bacterioloyy  of  Milk, 
p.  156). 

The  chemical  transformation  of  lactose  into  lactic  acid  is  usually 
expressed  as  follows  : 
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Ci,H,,Oii,H,,0    =    C,Hi,,0,   +    C,Hi,0,; 
a-Lactose.  (^Glucose.        r^Galaetose. 

C,n,.p,   =   2CH3-CH(OH)-CO,H 

f^-Galactose.  (d  +  l)  Lactic  acid. 

It  will  be  observed  that  no  loss  of  weight  is  involved  in  the 
change   as  thus  représentée!. 

It  is  fvirther  known  that  only  a  portion  of  the  lactose  is  trans- 
forraed  into  lactic  acid  in  the  souring  of  mille  under  ordinary 
conditions.  When  the  lactic  acid  reaches  a  certain  amount,  the 
activity  of  the  micro-organisms  concerned  in  the  change  would 
appear  to  be  inhibited. 

In  eight  séries  of  experiments  made  on  différent  milks  kept  at  a 
mean  température  of  about  18°  in  closed  bottles,  the  amount  of 
non-volatile  acid  présent  at  the  end  of  a  fortnight  ranged  from  0-65 
to  0-91  per  cent.,  calculated  as  lactic  acid.  It  then  slowly  increased, 
reaching  a  maximum  of  1-48  per  cent,  in  one  case,  at  the  end  of 
eight  weeks.     The  numbers  wei-e  as  follows  : 

Non-volatile  acid,  calculated  as  lactic  acid. 
No.  1.     2.         3.         4.         5.         6.         7.         S. 

At  eud  of  2  weeks O'Sl     0-81     091     0-75     0-6.5     0'68     074     074  per  cent. 

4      ,,      0-91     0-99     0-89     0-88     076     0-90     0-85     0-68 

,,         6      ,,      0-93     1-28     0-80     077     0-85     l'OS     094     0-6.'. 

8      ,,     1-17     1-13     1-48     0-86     l'OS     l'IS     0-54     O'SG 

Taking  the  average  amount  of  lactose  in  milk  as  4-75  per  cent. 
and  assuming  that  the  maximum  figure  in  the  above  table — 1-48 
per  cent. — represents  lactic  acid,  and  that  no  lactic  acid  lias  been 
lost  by  subséquent  fermentative  change,  it  would  appear  that  at  the 
eud  of  eight  weeks  about  62  per  cent,  of  the  lactose  présent  has 
been  transformed  into  lactic  acid  and  dextrose.  This  is  probably 
an  exceptional  instance;  in  the  greater  number  of  cases  considerably 
less  than  half  the  lactose  is  transformed. 

As  already  stated,  the  équations  above  given,  representing  the 
transformation  of  lactose  into  lactic  acid,  show  that  the  change  is 
accompanied  by  no  loss  of  weight  in  the  amount  of  the  non-fatty 
solids.  Inasmuch  as  the  lactic  acid  is  neutralised  in  the  course  of 
the  analysis  by  a  known  weight  of  strontia  and  weighed  witli  the 
other  milk  solids,  the  total  weight,  less  the  corresponding  weight  of 
strontia,  should  be  équivalent  to  the  weight  of  the  non-fatty  solids 
in  the  fresh  milk,  provided  no  other  change  than  that  indicated  by 
thèse  équations  involving  loss  of  weight  took  place.  As  a  matter 
of  fact,  other  changes  actually  do  take  place,  and  thèse  involve  a 
slight  loss  of  weight.  The  latter  fact  is  shown  by  the  following 
numbers  : 
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Nou-fatty 

Nou-fatty 

solids, 

solids, 

Saiiiple. 

per  cent. 

Sample. 

per  cent. 

No.  1.  Fresh  mille    

8-97 

No.     9. 

Fresh  railk 

9-27 

After  4  Meeks   ... 

8-74 

After  11  weeks  ... 

8-91 

8-61 

No.  10. 

Fresh  niilk 

After  13  weeks  .. 

,,   12      ., 

8-49 

9-11 

8-24 

No.  2.  Fresh  niilk    

8-99 

After  4  vveeks  .... 

8-60 

No.  11. 

Freshniilk 

9-34 

No.  3.   Fresh  niilk 9-12 

After  14i  weeks  8-88 


No.  4.  Fresh  milk    9-02 

After  G  weeks   8'5(j 


No. 


No. 

No. 


Fresh  milk    . . . . 

After  7i  weeks. 
,,  11"  ,,  ■ 
,,   13        ,,     . 


...  8-70 

...  8-53 

,..  8-35 

Freshniilk 9-13 

After  8  weeks  8-88 

Freshniilk    9-52 

After  10^  weeks   9-25 


After  13  weeks  9-01 


No.  12.   Fresh  milk 

After  13  weeks 


No.  13.  Fresh  mUk 8-83 

After  13  weeks  8 '56 


No.  14.   Fresh  milk  .... 
After  13  weeks 


9-20 

8-,80 


No.  15.  Freshniilk 9-52 

After  2  weeks 9-33 

„       4      ,,      9-29 

,,       6      ,,     9  32 

8      ,,     9-22 


After  the  addition  of  10  per  cent,  of  water 


Non-fatty 

Non-fatty 

solids, 

solids, 

San^ile. 

per  cent. 

Sample. 

per  cent. 

No.  1.  Freshniilk    

8-14 

No.  2.  Freshniilk    

8-24 

After  2  weeks  .... 

7-96 

7-88 

::       4        ,, 

7-81 

After  the  addition  of  25  per  cent,  of  water  : 


Non-fatty 
solids, 
Sample.  per  cent. 

No.  1.  Fresh  milk    7-70 

After  2  weeks  7 '57 

„     4      ,,       7-52 

,,     6      ,,        7-41 

,,     8      ,,       7-47 


Non-fatty 
solids, 
Sample.  per  cent. 

No.  2.  Fresh  milk    7-t5:^ 

After  2  weeks  7 '52 

,,     4      ,,        7-40 

,,     6      ,,        6-95 


Similar  observations,  made  with  unwatered  separated  milks  con- 
L.aming  about  01  per  cent,  of  fat,  gave  the  following  results  : 


Per  cent. 

No.  1.   Fre.sh  milk    9-66 

After  9  weeks  9-35 

No.  2.   Fresh  milk    8-91 

After  5  weeks   8-GO 


Per  cent. 

No.  3.  Fre.shmilk    8-61 

After  13  weeks 7-93 
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SeiDarated  milks  contaiuing  10  per  cent,  of  added  water 
Per  cent, 

No.  1.  Fresh  milk    SIS 

After  3  weeks  7"86 

,,    57     ,,        6-71 


No.  2.  Fresh  milk    7-67 

After  3  weeks  7"22 

„     55     ,,        6-24 


Per  cent. 

No.  3.  Fresh  milk    776 

After  lOè  weeks  7-11 


No.  4.  Fresh  milk    7-80 

After  26à  weeks  6-22 

,,      27       ,,        6-19 


Thèse  observations  serve  to  show  beyoud  any  doubt  that, 
concui'rently  with  the  formation  of  lactic  acid,  there  are  produced 
substances  which  are  either  gaseous  at  ordinary  températures, 
or  are  volatilised  during  the  oïDeration  of  determining  the  non- 
fatty  contents  of  the  sour  milk.  The  aggregate  weight  of  thèse 
substances,  either  gaseous  or  so  volatilised,  is  not  very  large,  but  it 
is  sufficient  to  affect  any  estimation  of  the  degree  of  sophistication 
to  which  the  milk  may  hâve  been  subjected. 

It  remains  now  to  ascertain  what  thèse  substances  are,  what  is 
their  amount,  and  if,  when  they  are  accounted  for,  it  may  not  still 
be  possible  to  deduce  a  trustworthy  inference  of  the  character  of 
the  original  milk. 

The  fact  that  butyric  acid  may  be  formed  in  the  souring  of  milk 
has  long  been  known.  Pasteur,  in  1861,  showed  that  it  may  be  de- 
rived  from  lactic  acid  by  a  spécial  organism  ("  vibrion  butyrique  "), 
and  since  that  time  a  number  of  observers — for  example,  Praz- 
mowski,  Gruber,  and  Winogradsky— hâve  described  varions  species 
of  Glostridium  and  other  organisms  which  are  capable  of  producing 
butyric  acid  under  sviitable  conditions. 

It  is  not  improbable,  therefore,  that  a  certain,  although  possibly 
a  relatively  small,  amount  of  lactic  acid  is  transformed  under 
certain  conditions  into  biityric  acid,  even  in  the  comparatively 
early  stages  of  the  souring  of  milk. 

It  is,  however,  certain  that  milk  in  which  the  butyric  stage  of 
fermentation  has  become  very  pronounced  is  of  relatively  infrequent 
occurrence  in  the  samples  received  for  analysis  at  the  Government 
Laboratory. 

Ofl.  the  other  hand,  acetic  acid  is  almost  invariably  présent  in 
such  examples.  The  amount  is  never  very  large,  and  seldom  ex- 
ceeds  0-2  per  cent.,  even  at  the  end  of  a  month.  In  the  séries  of 
the  eight  experiments  previously  mentioned,  the  percentage  amount 
of  the  total  volatile  acids  formed  during  the  souring  of  the  several 
samples,  four  in  the  case  of  each  milk,  was  as  follows  : 
Volatile  acids,  calculated  as  acetic  acid. 
No.  1.     2.         3.         4.         5.         6.         7.         S. 

At  end  of  2  weeks 0-13     0-12     OU     0-19     OIS     OlO     013     O'IO  percent. 

4      ,,     0-10     0-32     0-16     0-14     O'IO     0-35     O'il     0-17 

6      ,,      013     0-46     0-28     0-17     0-12     0-37     0-13     OIS 

8     „     0-09     0-54     0-55     0-36     OlO     0-3G     0-26     0'47 
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In  the  second  month,  the  présence  of  butyric  acid  was  more 
marked  in  certain  of  the  samples,  as  in  the  second  and  third 
samples,  where  the  maximum  numbers  were  0-54  and  0-55  per  cent. 

The  précise  mechanism  of  the  production  of  the  volatile  acids  in 
the  sour  milk  is  not  very  clear.  Butyric  acid  is  generally  assumed 
to  be  derived  f  rom  lactic  acid  in  accordance  with  the  équation — 

2CH3-CH(OH)-C02H    =    CÏÏ3-[CH2],-COoH    +    2C0,   +    2H,. 

The  acetic  acid  may  arise  either  from  the  oxidatiou  of  lactic  acid 
or  of  ethyl  alcohol,  which,  as  we  shall  see,  is  an  almost  invariable 
constituent  of  soured  milk. 

CH3-CH(OH)-C02ÏÏ   +    0.,   =    CHo-COaH   +    CO^   +H,0 
CHg-CHg-OH   +   02   =    Cïïg-CO^H    +   H^O. 

For  each  molécule  of  acetic  acid  produced  there  is  formed  in  the 
one  case  a  molécule  of  carbon  dioxide  and  a  molécule  of  water; 
and  in  the  other  case  only  a  molécule  of  water.  In  the  latter  in- 
stance, however,  a  molécule  of  carbon  dioxide  has  already  been  lost 
in  the  production  of  the  alcohol,  so  that  the  résultant  loss  is  the 
same  in  either  case. 

In  the  formation  of  a  molécule  of  butyric  acid  from  lactic  acid 
there  are  formed  two  molécules  of  carbon  dioxide  and  two  molécules 
of  hydi'ogen. 

Of  course,  in  the  actual  conduct  of  the  analysis,  any  acetic  and 
butyric  acids,  as  well  as  any  small  quantity  of  dissolved  carbonic 
acid,  présent  are  neutralised  by  the  strontia  used  preparatory  to 
evaporation,  and  are  weighed  with  the  non-fatty  solids.  What  is 
not  weighed  is  the  carbon  dioxide  which  has  escaped  from  the 
soured  milk  before  neutralisation,  together  with  the  water  and  free 
hydrogen  which  may  be  formed  indirectly  out  of  the  lactose. 

As  already  stated,  ethyl  alcohol  is  an  almost  invariable  con- 
comitant of  the  fermentative  changes  which  occur  in  milk  kept 
under  such  conditions  as  we  are  hère  concerned  with.  In  experi- 
ments  made  upon  specially  procured  samples  of  milk  known  to 
contain  no  alcohol  when  in  the  fresh  state,  alcohol  was  always 
formed  after  a  week  or  two;  and  out  of  sevei'al  hundreds  of 
samples  examined  under  the  provisions  of  the  Sale  of  Food  and 
Drugs  Acts  the  cases  hâve  been  very  few  in  which  alcohol  could  not 
be  detected.  The  quantities  formed  during  the  eight  séries  of 
experiments  already  referred  to  were  as  follows  : 

Alcohol,  calculated  as  ethyl  alcohol. 
No.  1.       2.  3.  4.  5.  6.  7.  8. 

At  eml  of  2  weeks  0-060    0129    0-021    0^042    0-042    0-105    0012  0-048  percent. 

,,         4      ,,       0-078    0-132    0-054    0-060    0-051    0-108    0-039  0-087 

6      ,,       0060    0-162    0093    0-087    0-096    0-135    0342  0-093 

8      ,,       0-090    0-156    0-090    0-222    0-071    0-126    0-354  0-204 
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ïhe  production  of  small  quautities  of  alcoliol  iu  cow's  milk  when 
kept  without  tlie  addition  of  any  spécial  ferment  lias  also  been 
remarked  by  otlier  observera  (Vieth,  Analyst,  1887,  12,  2;  Kingzett, 
ihid.,  234;  Kozai,  Zeit.  Hyg.  Inf.,  1901,  38,  386).  In  some  cases, 
however,  the  évidence  offered  bas  not  conclusively  proved  tbat  the 
substance  in  question  was  alcoliol  ;  tbus  U.  and  O.  Henzold  (Milch 
Zeit.,  1901,  30,  181)  object  to  ail  proofs  tliat  are  based  on  the 
iodoform  reaction  alone. 

The  conversion  of  lactose  into  alcohol,  although  it  does  not  occur 
with  ordinary  yeast,  lias  been  shown  by  Lorin  {Zeit.  anal.  Chem., 
1879,  18,  107)  to  be  eJïected  by  certain  species  of  >Schizomycetes. 
It  has  been  given  as  occurring  in  the  two  stages  :  — 

(1)  C,2H,,0i„H,0     =     C,ÏÏ,A  +     C.HiA 

a-Lactose.  (?-Ghicose.  (Z-Galactose. 

(2)  C,Hi,0,  =      2a,H.-ÛH      +      200^. 

(/-Glucose. 

Tollens  and  Stone,  however,  hâve  shown  {Ber.,  1888,  21,  1572) 
that  galactose  is  completely  fermeiitable  if  the  necessary  food  for 
the  micro-organisms  is  présent,  so  that  in  the  case  of  lactose  in  milk 
the  reaction  may,  perhaps  equally  well,  be  expressed  as  :  — 


Moreover,  ordinary  yeast  ferments  are  known  to  be  occasionally 
présent  in  samples  of  market  milk,  especially  as  exposed  for  sale  in 
large  towns  ;  it  is  not  improbable,  theref ore,  that  thèse  niay  directly 
attack  the  rZ-glucose  produced  in  the  course  of  the  change  of  the 
lactose  to  lactic  acid. 

In  any  case,  the  production  of  one  molécule  of  alcohol  corresponds 
to  the  élimination  of  one  molécule  of  carbon  dioxide,  so  that  the 
decrease  of  weight  in  the  lactose  due  to  the  production  of  thèse  two 
volatile  compounds  is  =90/46  times  the  weight  of  the  alcohol 
produced. 

In  ordinary  alcoholic  fermentation,  it  is  well  known  that  a  small 
proportion  of  the  fermented  sugar,  about  one-twentieth  of  the 
whole,  is  not  converted  into  ethyl  alcohol.  The  chief  by-products 
are  higher  alcohols,  glycerol,  and  succinic  acid.  Assuming  that  this 
or  something  analogous  occurs  also  in  the  production  of  alcohol 
from  milk,  it  is  to  be  remarked  that  the  by-products  can  liave  no 
sensible  efïect  on  the  conclusions  drawii  from  the  quantity  of  alcohol 
présent.  Since  the  main  product  is  itself  but  small,  the  by-products 
are,  for  ^Dractical  jDurposes,  negligible;  moreover,  they  are  already 
partly  taken  account  of  in  the  analysis,  since  any  traces  of  higher 
alcohols  are  weighed  with  the  ethyl  alcohol,  and  succinic  acid  is 
neutralised  and  weighed  with  the  solid  matter. 
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Turning  now  to  the  proteids;  tlie  ordiuary  "  curdling  "  of  milk 
in  the  early  stages  is  a  simple  précipitation  of  the  casein,  due  to 
the  interaction  of  the  lactic  or  acetic  acid  with  the  calcium  com- 
pound  of  the  proteid.  But  proteolytic  changes  may  also  occur,  con- 
séquent on  the  development  of  enzyme-forming  bacteria.  Thèse 
changes  resuit  in  the  conversion  of  a  portion  of  the  casein  and 
albumin  into  j^roteoses  and  peptones,  giving  at  a  later  stage  amino- 
compoLinds,  such  as  leucine,  lysine,  and  tyrosine.  A  small  quantity 
of  ammonia  and  aniine  bases  may  also  be  procluced. 

Profound  as  thèse  changes  are,  their  net  effect  on  the  weight  of 
the  joroteids,  under  such  conditions  as  we  are  hère  concerned  with, 
is  relatively  insiguificant.  It  must  be  borne  in  mind  that  the  whole 
of  the  products  mentioned,  with  the  possible  exception  of  traces  of 
ammonia  and  aminés,  are  weighed  with  the  unchanged  casein  and 
other  non-fatty  solids  in  the  course  of  the  analysis.  It  is  only  a 
question  of  the  change  of  total  weight  involved  in  the  conversion 
of  the  protein  molécule  into  the  simpler  compounds  indicated  above. 
On  the  one  hand,  there  may  be  a  gain  of  weight  due  to  the  absorp- 
tion of  the  éléments  of  water  in  the  hydrolysis  of  the  casein  molé- 
cule; on  the  other  hand,  thei'e  may  be  a  loss,  conséquent  on  the 
ultimate  conversion  of  a  portion  of  the  casein  into  carbon  dioxide, 
ammonia,  and  water. 

However  this  may  be,  expérimental  évidence  shows  that,  as 
regards  its  effect  upon  the  weight,  the  net  resuit  of  thèse  changes 
is  usually  very  small.  The  total  loss  of  solid  matter  from  ail  causes 
whatever  ranges,  as  a  rule,  only  from  0-2  to  0-5  per  cent.,  and  nearly 
the  whole  of  this  is  accounted  for  by  the  transformation  of  lactose 
into  alcohol  and  volatile  acid.  A  few  typical  examples  will  illustrate 
this;  the  first  séries  relates  to  unwatered  milk,  the  second  to  milk 
containing  approximately  25  per  cent,  of  added  water. 


Non-fatty 

sol 

ids. 

Accounted  for  by 

Défi 

nency,  including 



alcohol  and 

loss  due  to  change 

Fi-esh  milk 

Sour 

milk. 

Loss. 

volatile  acid. 

in  iiroteids. 

9-52 

2  weeks  olcl 

9-33 

0-19 

0-16 

0-03 

^^ 

4 

j, 

9-29 

0-23 

0-18 

0-05 

[[ 

6 

,, 

9-32 

0-20 

0-17 

0-03 

7-70 

2 

,, 

7-57 

0-13 

0-13 

0-00 

" 

4 

7-52 

0-18 

0-14 

0-04 

G 

,, 

7-41 

0-29 

0-22 

0-07 

Déterminations  of  the  amounts  of  ammonia  produced  in  the  eight 
séries  of  experiments  previously  referred  to  showed  that  the  per- 
centage  of  ammonia  (including  aminés  as  estimated  by  Nesslerising) 
ranged  from  0001  to  0012  per  cent,  during  the  eight  weeks  covered 
by  the  experiments.     Thèse  quantities  correspond,  at  most,  to  a 
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loss   of  proteids  rauging   from   0006   to   0075    per   cent.,   and   for 
practical  purposes  are  almost  negligible. 

In  order  to  obtain  further  knowledge  of  tlie  nature  and  amount 
of  the  substances  produced  in  the  souring  of  milk  under  the 
conditions  in  whicli  référence  samples  are  usually  kept,  the 
f ollowing  experiments  were  made  :  — - 

About  twenty  gallons  of  milk  was  mixed  with  one-fourth  of  its 
volume  of  water,  placed  in  stoppered  bottles,  and  kept  at  a  mean 
température  of  about  18°  duriug  a  period  of  ten  to  twelve  weeks. 
At  the  end  of  that  time  tlie  acid  liqviid  was  distilled,  the  distillate 
made  alkaline,  and  re-distilled.  The  distillation  was  again  repeated, 
the  liquid  beiug  rendered  alternately  acid  and  alkaline  and  con- 
centrated  by  means  of  a  fractionating  column.  Eventually  the 
alcoholic  distillate  was  rectified  successively  over  potassium  car- 
bonate and  lime,  and  finally  distilled  after  long  standing  over 
quick-lime. 

By  this  means  a  total  quantity  of  76-4  grams  of  ethyl  alcohol  was 
separated  from  the  sour  milk.  That  this  was  ethyl  alcohol  was 
proved  by  the  following  facts  :  It  distilled  completely  between  78-2° 
and  78-6°  (corr.)  and  chiefly  between  78-3°  and  78-5°  (corr.).  Its 
spécifie  gravity  at  15-5°/ 15-5°  was  0-7935.  Ten  ce.  of  the  alcohol, 
treated  with  15  grams  of  iodine  and  2  grams  of  phosphorus,  yielded 
8  ce.  of  alkyl  iodide,  from  which  ou  rectification  7  ce  were  obtained 
distilling  completely  between  711°  and  71-8°  (corr.),  and  which  con- 
sisted,  therefore,  of  practically  pure  ethyl  iodide.  A  portion  of  the 
alcohol,  converted  into  its  «^-dinitrobenzoic  ester,  yielded  white 
needles  melting  at  92-6°  (corr.),  corresponding  to  the  melting  point 
of  ethyl  w-dinitrobenzoate.  There  is  no  question,  therefore,  that 
ethyl  alcohol  is  one  of  the  joroducts  of  the  souring  of  milk  when  kept 
under  ordinary  conditions. 

The  solution  of  sodium  salts  of  the  volatile  acids  obtained  in  the 
distillation  was  concentrated,  acidified,  and  extracted  with  light 
petroleum.  On  distilling  off  the  solvent  and  fractionating  the  dis- 
solved  acids,  a  large  quantity  of  ?i-butyric  acid  was  obtained. 
The  total  amount  of  this  acid,  including  a  small  quantity  yielded 
by  the  subséquent  opérations,  was  approximately  390  grams;  of 
this,  300  grams  were  separated  as  the  nearly  pvire  acid,  and  the 
remainder  was  contained  in  the  intermediate  fractions. 

The  following  data  characterise  this  product  as  «-butyric 
acid:  b.  p.  162°  to  163-5°  (corr.);  m.  p.  of  the  2?-toluidide,  73-7°. 
0'4900  gram  of  the  bai-ium  sait  gave  0-3074  gram  of  BaSO^,  correspond- 
ing to  Ba  =  4413  per  cent.;  barium  butyrate  requires  Ba  =  4411  per 
cent. 
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Tlie  aqueous-acid  liquid  from  the  liglit  petroleum  extraction  cou- 
tained  a  little  butyric  acid,  possibly  propionic  acid,  and  the  greater 
portion  of  the  lower  homologues.  It  was  neutralised,  evaporated  to 
dryness,  and  a  portion  of  the  sodium  salts  tested  qvialitatively  for 
formic  acid.  No  évidence  of  the  présence  of  this  acid  could  be 
obtained.  The  sodium  salts  were,  therefore,  distilled  with  slightly 
diluted  sulphui-ic  acid,  and  the  resulting  volatile  acids  fractionated 
to  remove  as  much  of  the  butyric  acid  as  practicable  ;  the  remainder 
was  then  treated  with  lead  oxide  and  examined  by  Linnemann's 
method,  but  no  definite  évidence  could  be  obtained  of  the  présence 
of  jjropionic  acid.  Eventually,  by  fractional  neutralisation  and 
distillation,  we  obtained  an  aqueous  solution  of  nearly  pure  acetic 
acid,  and  intermediate  fractions,  which  contained  acetic  and  butyric 
acids  and  possibly  a  little  propionic  acid.  The  acetic  acid  was 
definitely  characterised  by  its  2^-toluidide,  which,  after  two 
crystallisations  from  boiling  water  and  one  from  benzène,  melted 
at  147-8°  (corr.).  (The  m.  p.  of  pure  aceto-^j-toluidide  is 
variously  given  as  148-2°  and  153°.)  0-2184  gram  of  the  barium  sait 
prepared  from  the  acid  gave  0-1976  gram  of  BaSO^;  Ba  =  53-2  per 
cent.;  whereas  (CoH30o)oBa  requires  Ba  =  53-8  j)er  cent.  The 
total  quantity  of  acetic  acid  was  calculated  to  be  approximately  116 
grams,  or  between  one-fourth  and  one-fifth  of  the  whole  amount  of 
volatile  acid. 

A  small  quantity,  less  than  2  grams,  of  an  acid  having  a  higher 
molecular  weight  than  butyric  acid  was  also  obtained,  Its  barium 
sait  contained  30-5  per  cent,  of  barium,  corresponding  closely  to  the 
sait  of  a  nonoic  acid;  but  since  its  boiling  point  was  not  constant, 
the  fraction  was  considered  to  be  a  mixture  of  homologues.  The 
quantity,  however,  is  less  than  l/200th  part  of  the  total  acids,  and 
in  the  i^resent  connection  is  of  no  practical  importance. 

The  acids  of  which  we  bave  certainly  established  the  existence  in 
the  sour  milk  are  acetic  and  buyti-ic;  if  any  propionic  acid  is 
présent,  it  can  only  be  présent  to  the  extent  of  insignificant  traces. 

A  reserved  portion  of  the  fermented  milk  was  filtered  from  fat 
and  coagulated  casein,  and  neutralised  with  alkali;  a  precipitate  of 
acid-albumin  was  given.  The  proteids  in  solution  (albumoses  and 
peptones)  were  precipitated  with  tannic  acid  and  sodium  chloride, 
allowed  to  deposit,  an  aliquot  part  of  the  supernatant  liquid  passed 
through  a  filter,  and  distilled  with  magnesia  to  separate  any 
volatile  bases  from  the  amino-acids  which  might  be  présent  in 
the  solution.  The  distillate  was  received  in  an  excess  of  hydro- 
chloric  acid,  and  evaporated  to  dryness;  from  100  ce.  of  the  milk- 
serum  0-136  gram  of  chlorides  was  obtained.  On  treatment  of  the 
chlorides  with  "  absolute  "  alcohol  0074  gram  was  dissolved      The 
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dissolved  portion  was  proved  by  the  analysis  of  its  platinichloride 
to  consist  largely,  and  the  undissolved  residue  entirely,  of 
ammonium  claloride  : 

Dissolved  portion  :  00479  platiniim  sait  gave  Pt  =  00208,  Pt  =  43-4 
per  cent.  Residiial  portion  :  00452  platinum  sait  gave 
Pt  =  00198,  Pt  =  43-8  per  cent.  ;  (NH4).3PtCl,,  requires  Pt  =  43-9  per 
cent. 

FroiTL  thèse  numbers  it  follows  that  practically  the  whole  of  the 
volatile  base  cousists  of  ammonia. 

A  détermination  of  the  ammonia  by  Nessler's  method,  carried 
ont  on  the  filtered  milk  M^ithout  séparation  of  the  albumoses  or 
distillation,  gave  a  resuit  corresponding  to  01 34  gram  of  ammonium 
chloride  per  100  ce,  agreeing  substantially  with  the  gravimétrie 
détermination. 

Hence,  therefore,  it  may  be  considered  proven  that  by  far  the 
greatest  proportion  of  the  volatile  products  of  the  fermentation  of 
milk,  other  than  water  and  carbon  dioxide,  are  ethyl  alcohol,  acetic 
and  butyric  acids,  and  a  small  quantity  of  ammonia.  A  small  propor- 
tion of  higher  acids,  possibly  traces  of  propionic  acid,  and  of  volatile 
organic  bases  may  also  be  produced.  But  the  amount  of  thèse  by- 
products,  in  comparison  with  the  main  quantities,  is,  in  any  case,  so 
small  that  in  the  présent  connection  they  are  of  no  practical 
significance. 

The  expérimental  évidence  thus  detailed  enables  us  to  deal  with 
the  practical  question  involved  in  this  inquiry,  which  is,  whether  it 
is  practicable,  from  a  study  of  the  changes  which  occur  in  milk 
during  the  process  of  souring,  to  ascei'tain,  with  sufficient  accuracy 
for  the  pui'poses  of  justice,  what  was  the  proportion  of  non-fatty 
solids  in  the  original  milk. 

In  this  connection  two  remarks  may  be  made.  First,  the  great 
majority  of  samples  dealt  with  are  only  fermented  to  a  relatively 
small  extent;  they  are  between  three  and  six  weeks  old,  hâve  been 
preserved  in  sealed  bottles  containing  only  a  limited  quantity  of  air, 
and  the  total  diminution  in  weight  of  their  non-fatty  solids,  due  to 
the  formation  of  volatile  products,  is  usually  only  a  few  tenths  of 
1  per  cent. — from  0-2  to  0-5  in  fact.  Therefore,  the  question  in  its 
practical  aspect  does  not  involve  the  more  considérable  changes 
which,  no  doubt,  may  be  produced  in  milk  by  long-continued  fer- 
mentation under  other  conditions.  Secondly,  in  ordinary  careful 
déterminations  of  the  non-fatty  solids  in  the  same  sample  of  fresh 
milk  by  différent  persous,  the  results  may  frequently  differ  by  01  to 
0-2  per  cent. 

For  instance,  on  p.  392  of  the  "  Minutes  of  Evidence,"  taken 
before  a  Departmental  Committee  appointed  to  consider  régulations 
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for  milk  and  cream  (Blue  Book,  1901,  Cd,  484),  the  results  are 
given  of  some  specially-devised  test-experiments,  arranged  to  in- 
dicate  the  effect  of  "  personal  équation,"  and  carried  ont  by  tliree 
well-known  operators.  The  mean  values  of  the  average  results 
obtained  by  each  analyst  for  the  non-fatty  solids  in  certain  samples 
of  milk  are  8-88,  8-79,  and  8-90  per  cent.,  showing  a  maximum  dif- 
férence of  01 1  per  cent.  The  mean  values  of  the  separate  results 
show  différences  exceeding  0-2  per  cent,  in  some  cases. 

Consequently,  in  deciding  what  may  be  considered  as  "  sufïicient 
accuracy  "  in  the  j^resent  connection,  it  may  fairly  be  assumed  that 
an  agreement  of  the  calculated  non-fatty  solids  with  the  original 
quantity  to  01 — 0-2  per  cent,  is  a  satisfactory  resuit.  An  error  of 
01  per  cent,  corresponds  to  an  error  of  about  1  per  cent,  in  cal- 
culating  the  amount  of  added  water. 

The  analysis  of  milk  in  the  case  of  samples  referred  to  the  Govern- 
ment Laboratory  is  conducted  by  what  is  known  as  the  "  macéra- 
tion "  process,  and  the  weight  of  the  non-fatty  solids  and  fat  is 
independently  ascertained  in  duplicate  experiments,  whilst  as  a 
conti'ol  a  direct  détermination  of  the  total  solids  is  made  on  a  third 
portion  of  the  milk. 

From  the  judicial  standpoint,  it  is  obviously  désirable  that  the 
quantity  of  any  constituent  on  which  a  légal  charge  may  be  based 
should  be  determined  by  direct  weighing  i-ather  than  by  différence. 
The  "  macération  "  process  is  the  only  method  applicable  to  sour 
milks  which  leaves  the  residual  non-fatty  solids  in  a  convenient 
form  for  accurate  weighing.  The  trustworthiness  of  the  détermina- 
tions of  fat  by  this  method  has  been  completely  established  in  the 
Government  Laboratory.  It  has  been  repeatedly  proved,  by  direct 
and  independent  experiments,  that  when  the  process  is  conducted  in 
the  manner  described  (p.  220),  practically  the  whole  of  the  fat  is 
extracted  and  is  obtained  in  a  form  admitting  of  accurate  déter- 
mination. Comparison  with  other  methods  has  also  been  made; 
thus  the  following  results  were  obtained,  generally  by  two  analysts 
working  independently,  in  ascertaining  the  amount  of  fat  in  forty 
samples  of  milk,  both  by  the  "  macération  "  process  and  by  the 
method  known  as  the    '  Werner-Schmid  "  process: 

Percentages  of  fat. 

Macération  2 '59 

Werner-Sclimid  2-59 

Macération   2 '04 

Werner-Schmid  2-02 

Macération  3 '79 

Werner-Schmid  379 

Macération  2"73 

Werner-Schmid  273 

Macération  2 '85 

Werner-Schmid  278 


278 

1-91 

2-15 

1-64 

274 

2-53 

276 

2-94 

2'88 

1-91 

2-33 

171 

273 

2-52 

277 

2-86 

2-48 

376 

279 

3-18 

8-64 

2-64 

5-18 

2-39 

2-48 

373 

273 

3-14 

878 

2-55 

5-22 

2-41 

3-10 

2-94 

2-08 

2-59 

3-49 

2-68 

2-48 

3-15 

2-86 

209 

2-54 

3-51 

2-69 

2-49 

2-44 

3-11 

4-05 

2-13 

3-56 

2-39 

274 

2-44 

3-16 

4-04 

2-01 

3-41 

2 -.30 

271 

2-65 

2-95 

0-63 

2-54 

2-48 

2-C2 

2-81 

0-55 

2-53 

2-41 
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The  Werner-Schmid  method  of  determining  the  fat  is  admittedly 
liable  to  certain  small  errors,  but  as  thèse  tend  to  compensate  each 
other,  it  is  generally  accepted  by  public  and  other  analysts  as  yield- 
ing  substantially  accurate  results  (Richmond,  Dairy  Chemistry, 
p.  99 — 100;  Winter  Blyth,  Foods,  their  Composition  and  Analysis, 
p.  221;  Allen,  Commercial  Organic  Analysis,  Vol.  IV.,  p.  135). 
Comparison  of  the  "  macération  "  process  with  other  standard 
methods  has  been  specially  made  by  independent  observers  ;  thus 
Richmond  {Dairy  Chemistry,  pp.  94 — 96)  remarks  that  "the  déter- 
mination of  fat  (by  the  '  macération  '  process)  [on  fresh  milk]  has 
proved,  in  the  author's  hands,  to  be  accurate,  as  is  shown  by  the 
following  figures  of  déterminations  of  fat  by  the  Bell  (macération) 
and  Adams  methods  respectively  : 


"Fat,  Bell  ... 
"Fat,  Adams 


4-28 
4-29 


4-61     0-19     2-69     3-13     3-45     3 '00     8 '03     4  16 
4-59     0-30     2-61     3-09     3-42     3-05     8-21     4-21" 


The  results  of  another  séries  of  test-experiments,  carried  out  by 
three  analysts  independently,  on  nine  samples  of  fresh  milk  with 
the  view  of  indicating  the  variations  between  the  results  given  by 
several  methods,  are  given  in  détail  on  p.  391  of  Blue  Book,  Cd.  484 
(Minutes  of  Evidence,  Departmental  Committee  on  Milk  and 
Cream  Régulations).  The  mean  figures  for  ail  the  fifty-four 
analyses  are  as  follows  : 


Fat,  per 
Method.  cent. 

Adams  (dry  ether)     3  76 

,,       (commercial  ether)  ...     3 '78 
Werner-Schmid 3-88 


Fat,  per 
Method.  cent. 

Macération 3  '77 

Centrifugal 3 '72 

Centrifugal  (E) 3-72 


Hère  the  figure  yielded  by  the  macération  method  is  exactly  the 
average  of  ail  the  others,  and  is  practically  the  same  as  that  given 
by  the  two  "  Adams  "  methods. 

Before  proceeding  with  the  analysis  of  a  sample  of  sour  milk  in 
the  Government  Laboratory,  the  contents  of  the  bottle  are  trans- 
ferred  to  a  suitable  vessel  and  thoroiighly  mixed  with  a  wire  whisk. 

Portions  of  the  sample,  about  10  grams  in  each  case,  are  weighed 
out  into  flat-bottomed  platinum  capsules,  each  of  which  has  been 
tared  aloug  with  a  short  glass  rod  having  a  flattened  end.  Ail  the 
weighings  and  measurements  are  independently  checked  by  two 
analysts.  The  weighed  quantities  are  next  neutralised  with  iV/10 
solution  of  strontia,  using  phenolphthalein  as  indicator. 

The  milk  is  then  evaporated  over  the  water-bath  until  the  residue, 
which  towards  the  end  should  be  dried  at  a  very  gentle  beat  and 
with  constant  stirring,  attains  the  consistency  of  dry  cheese.  About 
20  ce.  of  dehydrated  ether  are  poured  over  the  milk  solids,  which 
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are  then  carefully  triturated  with  the  glass  rod.  The  ethereal 
solution  of  the  fat  is  passed  through  a  filter,  which  has  previously 
been  dried  and  weighed  in  a  weighing-bottle,  and  the  macération  of 
the  milk  is  continued  with  eight  successive  qnantities  of  ether.  At 
the  conclusion  of  the  process,  the  non-fatty  solids  should  be  in  a  fine 
state  of  division  resembling  the  precipitated  chalk  of  pharmacy.  Be- 
fore  becoming  quite  dry,  the  solids  are  transferred,  as  far  as  practic- 
able,  to  the  weighing  bottle,  the  filter-paper,  washed  free  from  fat,  is 
replaced  iu  the  bottle,  and  the  whole,  with  the  platinum  capsule 
containing  the  small  adhèrent  quantity  of  solids,  is  dried  at  100°  for 
three  hours,  and  weighed.  The  weight  is  again  taken  after  drying 
for  a  further  two  hours,  and  a  final  confirmatory  weighing  after 
anottter  hour;  the  two  last  weights  should  not  difïer  by  more  than 
a  milligram.  Deducting  000428  gram  for  each  ce.  of  iY/ 10  strontia 
used  in  the  neutralising,  the  resuit  gives  the  amount  of  non-fatty 
solids  actually  présent  in  the  quantity  of  milk  taken  for  the 
analysis. 

The  ethereal  solution  of  the  milk-fat  is  received  in  small  tared 
flasks;  from  thèse  the  ether  is  distilled  and  the  weight  of  the  dried 
fat  ascertained. 

As  regards  the  alcohol,  50,  75,  or  100  grams  of  the  milk  are  dis- 
tilled, and  the  distillate  re-distilled  after  being  neutralised  with 
xV/10  caustic  soda  solution,  litmus  paper  being  used  as  the  indicator. 
The  spécifie  gravity  of  the  distillate,  made  up  to  the  original  or 
other  convenient  bulk,  is  determined  in  a  50  gram  pycnometer,  and 
the  quantity  of  alcohol  corresponding  to  this  spécifie  gravity  is 
deduced  from  a  table.  The  percentage  by  weight  of  alcohol, 
mixltiplied  by  90/46,  gives,  as  already  explained  (p.  213),  the 
percentage  amount  of  lactose  which  has  disappeared  in  the  pro- 
duction of  the  alcohol. 

As  regards  the  expérimental  ein'or  involved  in  determiniug  small 
amounts  of  alcohol  by  means  of  the  pycnometer,  it  may  be  remarked 
that  many  thousands  of  such  déterminations  are  made  every  year 
in  the  Government  Laboratory.  The  expérience  thus  gained  shows 
that  in  well-conducted  experiments  the  différences  obtained  in  suc- 
cessive tests  of  the  same  liquid — this  liquid  containing  alcohol  iu 
about  the  same  proportion  as  is  found  in  sour  milk — would  rarely 
or  never  exceed  000002,  in  ternis  of  spécifie  gravity,  and  usually 
would  not  be  more  than  000001.  The  higher  of  thèse  figures 
would,  in  the  case  of  milk,  correspond  to  about  002  per  cent,  of 
non-fatty  solids. 

The  amount  of  volatile  acid  is  ascertained  as  follows  :  10  grams 
of  the  milk,  contained  in  a  platinum  capsule,  are  neutralised  to  the 
extent  of  one-half  the    total    acidity    (previously    determined    on 
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another  portion)  with  N/10  caustic  soda,  and  a  little 
phenolphthalein  added.  The  mixtvire  is  then  evaporated  to  dryness 
on  a  water-bath  with  fréquent  stirring,  and  after  treatment  with 
about  20  ce.  of  boiling  distilled  water  so  as  to  break  up  and 
thoronghly  detach  the  milk  solids  from  the  capsule,  a  further  addi- 
tion of  T/IO  caustic  soda  is  made,  until  the  neutral  point  is  reached. 
The  différence  between  the  original  acidity  of  the  milk  and  that  of 
the  evaporated  portion  is  regarded  as  acetic  acid.  As  previously 
shown,  the  production  of  eacli  molécule  (60  parts)  of  this  acid 
dénotes  a  loss  of  one  molécule  of  carbon  dioxide  and  one  of  water, 
that  is,  a  loss  of  62  parts  of  the  original  lactose. 

When  it  is  desired  to  take  account  of  any  butyric  acid  that  may 
be  présent,  the  volatile  acids  are  separated  by  distillation  from  the 
quantity  of  milk  which  has  been  taken  for  the  détermination  of 
the  alcohol.  A  portion  of  the  mixed  aqueous  acids  is  néutralised 
with  barium  hydroxide,  evaporated,  and  dried  until  the  weight  is 
constant.  From  the  percentage  of  barium  contained  in  the  mixed 
salts,  the  proportions  of  the  two  acids  are  calculated.  Each  molécule 
of  butyric  acid  (88  parts)  dénotes  a  loss  of  92  parts  of  lactose;  the 
loss  of  lactose  due  to  the  formation  of  acetic  acid  is  calculated  as 
before. 

To  estimate  the  small  quantity  of  ammonia  formed,  2  grams  of 
the  milk  are  made  up  to  a  volume  of  100  ce.  with  distilled 
ammonia-free  water,  and  filtered  through  a  carefully-washed 
filter.  In  10  ce  of  the  clear  filtrate,  increa^ed  to  50  ce  by  the 
addition  of  distilled  water,  the  ammonia  is  detei-mined  by  Nessler's 
method,  using  a  standard  solution  of  ammonium  chloride  oontaining 
001   milligi'am  of  ammonia  per  ce 

Applying  the  foregoing  principles  to  the  examination  of  a  num- 
ber  of  samples  of  milk  kept  under  observation  in  the  Government 
Laboratory,  we  give  first  the  results  of  experiments,  made  by  several 
observers,  in  cases  where  the  milk  did  not  develop  the  butyric 
fermentation,  or  only  to  au  insignificant  degree. 


VOL.   LXXXVIL 


222 


THORPE:   THE   ANALYSIS   OF   SAMPLES   OF   MILK   IN 


Table  I. — Unwatered  Whole  Milks. 


' 

Loss  of  non 

-fatty  solids. 

(2)  Calculated  from  the 

Différence 

expérimental  détermina- 

between the 

Time 

tions  of  alcohol, 

actnal  loss  and 

kept. 

(1)  Actual 

.     acid 

and  ammonia. 

that  calculated 

Sample. 

Weeks. 

Per  cent. 

Per  cent. 

Per  cent. 

No.    1  . 

3 

0-26 

0 

20 

-0-06 

>> 

4 

0-23 

0 

21 

-0-02 

7 

0-36 

0 

34 

-0-02 

>> 

.       12 

0-48 

0 

49 

+  0-01 

No.    2. 

4 

0-39 

0 

35 

-004 

No.    3  . 

6 

0-30 

0 

33 

+  0-03 

)» 

.       14i 

0-24 

0 

25 

+  0-01 

No.   4  . 

6 

0-46 

0 

58 

+  0-12 

No.    5  . 

n 

0-26 

0 

20 

-0  06 

>. 

.    11 

0-49 

0 

49 

0  00 

» 

.       13 

0-67 

0 

61 

-0-06 

No.    6  . 

8 

0-25 

0 

23 

-0-02 

No.    7  . 

.       lOè 

0-27 

0 

35 

+  0-08 

No.    8. 

11 

0-36 

0 

32 

-0-04 

No.    9. 

.       13 

0-87 

0 

76 

-0-11 

No.  10  . 

.       13 

0-33 

0 

41 

+  0-08 

No.  11  . 

.       13 

0-28 

0 

26 

-0-02 

No.  12  . 

.       13 

0-27 

0 

31 

+  0-04 

No.  13  . 

.       13 

0-40 

0 

39 

-0-01 

No.  14  . 

2 

0-19 

0 

16 

-0  03 

4 

0-23 

0 

18 

-0-05 

Il 

6 

0-20 

0 

17 

-0  03 

>> 

8 

0-30 

0 

20 

-010 

Table  II, —  Watered  Whole  Milks. 
(1)  Approximately  10  per  cent,  of  water  added  : 

Loss  of  non-fatty  solids. 


(2)  Calculated  from  the 
expérimental  détermina- 

Différence 
between  the 

Time 

tions  of  alcohol, 

actual  loss  and 

kept. 

(1)  Actual 

acid,  and  ammonia. 

that  calculated. 

Sample. 

Weeks. 

Per  cent. 

Per  cent. 

Per  cent. 

No.  1   .. 

2 

018 

0-27 

+  0-09 

,, 

4 

0-33 

0-42 

-i-0-09 

No.  2  .. 

5è 

0-36 

0-43 

-0-03 

,,       .. 

5è 

0-51 

0-50 

-0  01 

(2)  Approximately 

25  per  cent,  of  water  added  : 

No.  1   .. 

2 

013 

013 

0-00 

,, 

4 

018 

014 

-0  04 

'J> 

6 

0-29 

0-22 

-0-07 

>) 

8 

0-23 

019 

-0-04 

No.  2     . 

2 

011 

0-08 

-0  03 

n 

4 

0-23 

012 

-011 

,) 

6 

0-68 

0-63 

-0  05 
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Table  III. — Unwatered  Separated  Milks. 

Loss  of  non-fatty  solids. 


(2)  Calculated  from  the 

Différence 

expérimental  tletermina- 

between  the 

Time. 

tion 

s  of  aleolio 

, 

actual  loss  ami 

kept. 

(1)  Actual 

.     acid, 

and  ammonia. 

that  calculated 

Sam  pie. 

Weeks. 

Per  cent. 

Per  cent. 

Per  cent. 

No.  1    .. 

4 

0-41 

0-22 

-019 

5 

0-32 

0-13 

-0  19 

, 

9 

0-31 

0-26 

-0  05 

No 

2   .. 

4 

0-29 

0  28 

-001 

, 

5 

0  31 

0  20 

-011 

No 

3   .. 

4 

0  28 

0-24 

-0-04 

, 

5 

0-32 

0-28 

-004 

' 

13 

0-68 

0'58 

-010 

Table 

lY.—Watered  >S 

eparated 

Mi/ks 

Approximately  10  per  cent,  of  water  added 

Loss  of  non-fatty  solids. 


(2)  Calculated  from  the 

Différence 

expérimental  détermina- 

between the 

Time 

tions  of  iilcohol, 

actunl  loss  and 

kept. 

(1)  Actual 

.     acid 

and  ammonia. 

that  calculated. 

Sample. 

Weeks. 

Per  cent. 

Per  cent. 

Per  cent. 

No.  1    .. 

3 

0-32 

0  24 

-0-08 

n 

55 

1-47 

1-50 

+  003 

1) 

55 

1-54 

1-56 

+  0  02 

)) 

57 

1-47 

1-50 

+  0-03 

No.  2   .. 

3 

0-45 

0-33 

-0-12 

,, 

55 

1-43 

1-49 

+  0-06 

No.  3   ... 

lOi 

0-65 

0-55 

-0-10 

No.  4   ... 

26è 

1-58 

1-59 

+  001 

Il 

27 

1-61 

1-09 

+  0-08 

In  nearly  ail  the  foregoing  cases,  it  will  be  seen  that  the  actiiav 
amount  of  original  non-fatty  solids  has  been  very  closely  ascertained 
from  the  experiments  on  the  mitks,  although  the  period  of  keeping 
was  sometimes  very  prolonged,  and  in  four  instances  extended  to  more 
than  a  year.  The  différence  between  the  calculated  and  the  actual 
amount  is  usually  not  greater  than  might  be  obtained  in  duplicate 
déterminations  made  by  the  same  opei-ator  on  the  fresh  sample,  and 
in  only  two  cases  does  it  appreciably  exceed  the  différence  which, 
as  has  been  pointed  out,  two  careful  analysts  might  obtain  with 
the  same  sample.  The  amount  of  added  water,  whether  10  per  cent. 
or  25,  has  in  ail  cases  been  correctly  indicated  to  with  in  about  1 
per  cent,  by  the  analysis  of  the  fermented  milk.  It  should  bo 
added  that,  in  order  to  assimilate  the  conditions  to  something  like 
the  worst  which  would  be  fouud  in  practice,  the  larger  quautity  (25 

R  2 
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per  cent.)  of  water  was  in  one  séries  of  experiments  a  much-polluted 
water  obtained  from  the  Old  Fleet  River. 

Milk  in  which  the  butyric  stage  of  fermentation  lias  become  very 
pronounced  is  of  relatively  infreqixent  occurrence  amongst  the 
samples  received.  Where  the  décomposition  is  considérable  and 
much  acid  has  been  formed,  it  is  sometimes  difïicult,  on  account  of 
the  separated  casein,  to  get  the  sample  into  a  uniform  condition  for 
analysis.  Where  this  is  so,  the  analysis  is  not  proceeded  with.  But 
as  far  as  the  butyric  acid  itself  is  concerned,  the  analysis  can  be 
carried  out  on  the  principles  already  explained,  if  the  relative  pro- 
portions of  butyric  and  acetic  acids  are  determined  by  some  con- 
venient  method,  such  as  the  analysis  of  the  barium  salts  given  by 
the  mixed  acids.  That  this  can  be  done  with  a  good  approach  to 
accuracy  is  shown  by  the  following  experiments  carried  out  on  milk 
in  which  a  large  proportion  of  butyric  acid  was  eventually  formed. 


Table  V. 

Loss  of  uon-fatty  solids. 

Calculated  from  the 

Différence 

expérimental  détermina- 

between the 

Time 

Butyric 

tions  of  alcohol, 

actual  loss  and 

kept. 

acid. 

Actual. 

acid,  and  ammonia. 

that  calculated. 

Sample. 

Weeks. 

Per  cent. 

Per  cent 

Per  cent. 

Per  cent. 

No.  1  ... 

4 

0-33 

0-66 

0-67 

+  0-01 

,, 

6 

0-59 

1-03 

0-95 

-0-08 

,, 

8 

0-55 

0-86 

0-90 

+  0-04 

No.  2  .. 

6 

0-23 

0-65 

0-41 

-0-24 

Watered  Milk. 

Appr 

oximately 

25  per  cent,  of  water  added  : 

No.  3  .. 

4 

0-17 

0-34 

0-22 

-0-12 

,, 

6 

0-28 

0-69 

0-53 

-0-16 

,, 

8 

0-66 

1-39 

1-10 

-0-29 

No.  4  .. 

4 

0-40 

0-71 

0-67 

-004 

,, 

6 

0-56 

roo 

0-89 

-0-11 

,, 

8 

0-30 

0-60 

0-58 

-0-02 

In  most  of  thèse  cases,  the  amount  of  added  water  is  indicated 
correctly  to  within  about  1  per  cent.,  although  in  one  instance  3  per 
cent,  more  water  than  was  added  would  be  indicated.  For  practical 
purposes,  however,  such  an  exceptional  case  is  of  little  conséquence  ; 
the  offence  is  substantially  the  same  whether  the  quantity  of  water 
added  to  the  milk  be  25  per  cent,  instead  of  28;  or  whether  it  be 
15  instead  of  18  per  cent. 


This  communication  is  based  on  expérimental  work  accumulated 
by  a  number  of  analysts  in  the  Government  Laboratory,  mainly 
duriug  the  past  ten  years,  aud  notably  by  Mr.  George  Lewin,  Mr. 
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John  Holmes,  seii.,  Mr.  Cameron,  Mr.  Chas.  Procter,  Mr.  Wilson 
Davis,  aiid  Mr.  Chas.  Simmonds.  I  désire  to  express  my  indebted- 
ness  to  thèse  gentlemen  for  the  skill  and  patience  with  which  they 
hâve  assisted  me  in  the  course  of  what  has  necessarily  jDroved  to  be 
a  somewhat  protracted  inquiry. 

The  Government  Laboratory, 

Clement's  Inn  Passage, 

Strand,  W.C. 


XXVIL — The  Nitration  of  Suhstituted  Azophenols. 

By  John  Théodore  ïïewitt  and  Herbert  Victor  Mitchell. 

The  action  of  substituting  agents  on  azophenols  has  engaged  the 
attention  of  several  chemists  within  the  last  few  years  (Noelting,  Ber., 
1887,20,2997;  Tâuber,  ihid ,  1893,  26,  1872;  Auwers,  ibid.,  1900, 
33,  1302  ;  Amstrong,  Proc,  1899,  15,  243  ;  Hewitt  and  Aston,  Auld, 
Fox,  Lindfield,  Phillips  and  Tervet,  Trans.,  1900,  77,  99,  712,  810; 
1901,  79,  49,  155,  160,  1090;  1902,  81,  171,  1202).  The  gênerai 
resuit  bas  been  to  show  that  |j-hydroxyazo-compounds  nitrate  with 
dilute  nitric  acid  and  brominate  in  présence  of  sodium  acétate  and 
acetic  acid  in  the  ortho-position  to  the  hydroxyl  group,  that  is,  they 
behave  as  might  be  expected  of  ti'ue  azophenols. 

On  the  other  hand,  Noelting  obtained  p-nitrobenzeneazophenol  by 
acting  on  benzeneazophenol  with  one  molecular  proportion  of  nitric 
acid  in  présence  of  an  excess  of  concentrated  sulphuric  acid  (loc.  cit.), 
whilst  with  two  molecular  proportions  of  nitric  acid  he  states  that  a 
product  is  obtained  identical  with  that  produced  by  the  diazotisation 
of  2  : 4-dinitroaniline  and  subséquent  coupling  with  phénol.  Noelting's 
statement  with  respect  to  the  formation  of  jt;-nitrobenzeneazophenol 
when  one  molécule  of  nitric  acid  is  employed  needs  no  qualification  ; 
but  with  two  molécules  of  nitric  acid,  if  the  dinitrobenzeneazophenol 
is  foi'med  at  ail,  it  must  be  in  subordinate  amount,  sioce  when  any 
one  of  the  three  nitrobenzeneazophenols  is  further  nitrated,  not  merely 
with  warm  dilute  nitric  acid,  but  even  in  présence  of  strong  sulphuric 
acid,  the  second  nitro-group  enters  in  the  ortho-position  to  the  phenolic 
hydroxyl. 

This  corresponds  closely  to  the  resuit  obtained  by  Ttiuber,  who 
found  that  both  p-  and  ?n-sulphobenzeneazophenols  nitrated  in  the 
ortho-position  to  the  hydroxyl  group  in  présence  of  strong  sulphuric 
acid. 

The  obvious  explanation  in  the  case  of  benzeneazophenol  (compare 
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Auwers,  loc.  cit.)  is  to  regard  the  free  substance  as  having  a  consti- 
tution corresponding  to  its  name,  whilst  in  strong  sulphuric  acid 
solution  it  exists  as  a  sait  of  the  tautomeric  quinonepbenylhydrazonc: 
This  explanation  can  be  extended  to  include  the  observations  made  by 
Tiiuber  ;  a  substance  having  the  constitution 

hso3-c,h,-n:n-c^ïï4-oh 

would  hardly  be  basic  enough  to  fonn  a  sait  of  the  type 

hso,-c^h,-nh-n:CcH:o 


and     thus    still    préserve    its    phenolic    character  and   nitrate   as    a 
phénol. 

Whilst  salts  with  minerai  acids  hâve  not  been  obtained  in  the  case 
A\here  the  substituent  group  is  SO3H,  the  argument  that  the  nitro- 
group  also  hinders  sait  formation  recpiires  some  qualification.  Hewitt, 
Moore,  and  Pitt  {Ber.,  1898,  31,  2114)  hâve  described  hydrochlorides 
of  m-  and  /^-nitrobenzeneazophenols,  so  undoubtedly  sait  formation 
can  take  place.  The  explanation  may  lie  in  the  diminution  of  the 
basicity  by  the  introduction  of  the  nitro-group,  so  that  the  solution  of 
the  nitrobenzeneazophenol  in  the  strong  sulphuric  acid  is  to  be  looked 
on  as  an  equilibrium  mixture. 


H      SO,H 

Whilst  the  free  azophenol  would  nitrate  instantly,  the  quinone- 
hydrazone  sait  on  the  right-hand  side  obviously  would  not  nitrate  in 
the  quinonoid  portion  of  the  molécule,  whilst  so  far  as  the  other 
nucleus  is  concerned  it  would  nitrate  readily  enough,  were  it  not  that 
one  négative  nitro-group  has  already  entered  it. 

We  advance  this  vievv  with  a  certain  amount  of  reserve,  seeing 
that  the  o-azophenols  brominate  in  the  phenolic  nucleus,  although 
Auwers  has  considered  them  to  be  quinouehydrazones.  On  the  other 
hand,  Jacobson  considers  the  hydrazone  formula  doubtful,  even  in  the 
case  of  tbe  salts  which  jo-hydroxyazo-compounds  furnish  with  minerai 
acids,  seeing  that  he  has  been  able  to  obtain  a  stable  hydrochloride  of 
?/i-hydroxyazobenzene  [Ber.,  1903,  36,  4107). 

Expérimental. 

Pre^xiration  of  o-Xitrobenzeneazo-onitrophenol. 

(a)  By  dilute  nitric  acid  : 

Ten  grams  of  o-nitrobenzeneazophenol  were  very  finely  powdered 
and   introduced    into   a   mixture  of  20  ce.  of  nitric  acid  of  spécifie 
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gravity  TSG,  with  60  ce.  of  distilled  water.  The  whole  was  stirred, 
and  gnidually  warmed  up  to  50'^  on  the  water-bath,  when  the  odour  of 
nitrous  fumes  became  marked  and  the  vermillon  shade  of  the  mono- 
nitroazophenol  gradually  gave  place  to  the  yellow-brown  tint  of  the 
dinitro-compound.  After  half  an  hour  at  50°,  the  temperatui'e  was 
raised  to  60°,  and  maintained  at  that  point,  with  stirring,  for  a 
further  15  minutes.  The  resulting  paste  was  next  diluted  with 
distilled  water,  filtered  ofE  at  the  pump,  washed  free  from  acid,  and 
dried  at  100°  and  recrystallised  from  boiling  glacial  acetic  acid,  when 
it  melted  at  187°. 

(b)  By  nitration  in  strong  sulphuric  acid  solution  : 
o-Nitrobenzeneazophenol   was   dissolved  in  ten  times  its   weight  of 

strong  sulphuric  acid,  and  the  mixture  surrounded  by  cold  water.  A 
very  slight  excess  of  the  calculated  ainount  (1  mol.)  of  nitric  acid 
(sp.  gr.  l'42),  itself  diluted  with  strong  sulphuric  acid,  was  gradually 
added,  with  stirring.  After  leaving  the  mixture  overnight,  it  was 
gradually  poured  into  a  large  excess  of  cold  water  and  stirred 
vigorously. 

The  compound  which  separated  was  washed  at  the  pump,  dried  and 
recrystallised  from  glacial  acetic  acid  ;  it  melted  at  186 — 187°,  and  on 
being  mixed  with  the  foregoing  spécimen,  no  lowering  of  the  melting 
point  could  be  detected. 

(c)  In  order  to  prove  definitely  the  constitution  of  this  compound, 
it  was  synthesised  by  coupling  an  o-nitrophenyldiazonium  sait  with 
o-nitrophenol  as  follows  : 

A  mixture  of  5  grams  of  o-nitroaniline,  10  grams  of  concentrated 
sulphuric  acid,  and  a  small  quaniity  of  water,  insufficient  to  remove 
the  aminé  from  solution,  was  diazotised  by  2 '6  grams  of  sodium 
nitrite  dissolved  in  5  ce.  of  water.  The  diazo-solution  was  poured 
into  an  excess  of  water,  and  added  to  an  aqueous  solution  of  5  grams 
of  o-nitrophenol  and  15  grams  of  sodium  carbonate.  Coupling  took 
place  fairly  easily,  the  azophenol  was  precipitated  by  acid,  redissolved 
in  hot  caustie  soda  solution,  again  precipitated,  extracted  with  cold 
spirit,  and  finally  recrystallised  from  glacial  acetic  acid.  This  pré- 
paration, although  of  a  slightly  lighter  shade  than  the  spécimens 
prepared  by  nitration,  was  obviously  identical  with  them,  as  it  melted 
at  186°  and  had  no  elïect  on  their  melting  point, 

o-Nitrobenzeneazo-o-nitrophenol  crystallises  from  pure  acetic  acid 
in  well-defined,  long,  deep  brown  needles  ;  it  dissolves  easily  in  acetic 
acid  and  pyridine  and  fairly  readily  in  alcohol  ;  it  is  slightly  soluble 
in  benzène  or  ethyl  acétate,  and  but  sparingly  so  in  ether. 

0-1118  gave  19-0  ce  moist  nitrogen  at  15°  and  748  mm.     N  =  19-7. 
CigHgOgN^  requires  N  =  19-4  per  cent. 
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The  acetul  derivative,  N03-C^H4-No-C^ÏÏ3(NO.,)'0-CO-CH3,  was  pré- 
parée! by  boiling  together  for  one  hour  in  a  reflux  apparatus  1  gram 
of  the  azophenol,  1  gram  of  fused  sodium  acétate,  and  4  grams  of 
acetic  anhydride. 

The  fused  product  was  thrown  into  water,  collected,  and  recrystal- 
lised  from  glacial  acetic  acid,  when  the  substance  formed  thick,  scarlet 
needles,  melting  at  119°,  easily  soluble  in  ether,  ethyl  acétate,  benzène, 
pyridine,  or  acetic  acid,  and  moderately  so  in  alcohol. 

0-1677  gave  0-3137  CO2  and  0-0453  H,0.     C  =  51  0  ;  H  =  3-0. 
Cj^H^o^ti-'^*  requires  C  =  50-9  ;  H  =  3-0  per  cent. 

The  henzoyl  derivative,  N02-C6H4-N"2-C6H3(N02)-0-CO-C^jH5,  was 
prepared  by  boiling  the  azophenol  with  enough  benzoyl  chloride  to 
dissolve  it  completely,  until  évolution  of  hydrochloric  acid  ceased  ; 
the  solution  was  stirred  into  dilute  alcohol,  the  crude  benzoyl  deriv- 
ative was  filtered  oiï  at  the  pump  and  recrystallised  from  ethyl 
benzoate.     It  formed  a  mass  of  small,  yellow  crystals,  melting  at  174°. 

This  substance  is  very  soluble  in  pyridine,  moderately  so  in  ethyl 
acétate,  benzène,  and  acetic  acid,  very  sparingly  so  in  alcohol  and  ether. 

0-1186  gave  0-2548  CO^  and  0-0346  H.O.     C-58-6;  H  =  3-2. 
CjgHj^gOgN^  requires  C  =  58-2  ;  H  =  3-1  per  cent. 

Préparation  of  m-Mtrobenzeneazo-o-niirophenoL 

(a)  By  means  of  dilute  nitric  acid  : 

The  method  employed  was  the  same  as  that  indicated  in  the  case  of 
the  foregoing  isomeride.  Ten  grams  of  powdered  «i-nitrobenzeneazo- 
phenol  and  a  mixture  consisting  of  20  ce.  of  nitric  acid  (sp.  gr.  1-36) 
with  60  ce.  of  water  were  warmed  on  the  water-bath,  and  stirred 
continuously.  In  this  case,  the  nitration  appeared  to  take  place  with 
somewhat  more  difiiculty  ;  it  was  found  possible  to  work  at  about 
100°,  and  even  then  the  reaction  was  quite  moderate. 

After  10  minutes  at  this  température,  the  product  was  collected  in 
the  usual  way  and  recrystallised  from  boiling  glacial  acetic  acid.  This 
spécimen  melted  at  177°. 

(b)  Préparation  of  the  foregoing  compound  by  nitration  in  strong 
sulphuric  acid  solution  : 

Six  grams  of  m-nitrobenzeneazophenol,  after  being  dissolved  in 
60  grams  of  strong  sulphuric  acid,  were  treated  with  a  cold  mixture 
of  2  ce.  of  nitric  acid  (sp.  gr.  1*42)  and  10  ce  of  strong  sul- 
phuric acid.  The  addition  of  the  nitric  acid  was  effected  gradually, 
and  the  température  of  the  mixture  was  not  allowed  to  rise  to  any 
appréciable  extent.  After  half  an  hour,  the  mixture  was  poured 
into  a  large  excess  of  cold  water,  the  dinitro-compound  collected 
and  recrystallised  from  glacial  acetic  acid.     This  spécimen  also  melted 
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at  177°,  and  a  mixture  of  it  witli  the  preceding  préparation  had 
exactly  the  same  melting  point.  Subséquent  crystallisations  from 
chloroform  raised  the  melting  point  to  179°. 

In  this  particular  case,  it  was  considered  unnecessary  to  prove  the 
constitution  of  the  compound  by  synthesising  it  from  o-nitrophenol,  as 
a  substance  agreeing  with  it  in  melting  point  has  been  obtained  by 
the  rearrangement  of  di-?/i-dinitroazoxybenzene  under  the  influence  of 
coDcentrated  sulphuric  acid  (Klinger  and  Pitschke,  Ber.,  1885,  18, 
2552,  and  Knipscheer,  Rec.  Trav.  Chim.,  1903,  22,  1). 

This  substance  crystallised  from  chloroform  in  small,  somewhat  hard 
crystals,  and  readily  dissolved  in  alcohol,  benzène,  pyridine,  and  acetic 
acid  ;  it  was  less  soluble  in  ethyl  acétate,  and  only  slightly  so  in  ether. 

0-0951  gave  16  0  ce.  nitrogen  at  19°  and  774  mm.     N  =  196. 
CY^IIgOjN^  requires  N=  19'4  per  cent. 

The  acetyl  derivative,   <       NnIn/     NO'CO-CHo,  was   obtained 


by  boiling  the  azophenol  with  acetic  anhydride  and  fused  sodium 
acétate  in  the  usual  manner  ;  it  crystallised  from  acetic  acid  in  tufts 
of  small,  brown  crystals  which  melted  at  138°,  and  were  readily  soluble 
in  acetic  acid  or  pyi'idine,  moderately  so  in  ether  and  in  ethyl  acétate, 
but  only  sparingly  so  in  alcohol. 

0-1632  gave  24-4  ce.  nitrogen  at  15°  and  770  mm.     N  =  17*6. 
Cj^HjyOgN^  requires  17-0  per  cent. 

_  NO2 

The      henzoïjl      derivative,      ^      \N  I  N"< 

easily  prepared  by  boiling  with  benzoyl  chloride  for  one  hour  ;  the  pro- 
duct  was  thrown  into  dilate  spirit,  and  recrystallised  fi-om  ethyl  acétate, 
when  it  formed  a  neaidy  colourless,  crystalline  powder  melting  at  169°. 
It  readily  dissolves  in  pyridine  or  amyl  alcohol,  and  is  moderately 
soluble  in  benzène,  ether,  and  ethyl  acétate  ;  it  is  almost  insoluble  in 
alcohol. 

00850  gave  0-1825  CO^  and  0-0247  H^O.    0  =  585;  H  =  3-2. 
':)i9Hi206lSr^  requires  0  =  58-2";  H  =  3-1  percent. 


0, 


Préparation   of   ^-Nitrobenzeneazo-o-7iitropJienol. 

(a)  By  the  action  of  dilute  nitric  acid  : 

The    method    previously   indicated    in   the    other   two   cases    was 
•employed  as  regards  quantities  and  dilution  of  the  nitric  acid.     The 
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température  was  raised  to  and  maintained  at  60°  for  1^  hours,  when 
the  mass,  whicli  had  assumed  a  tliick,  pasty  consistency,  was  diluted, 
filtered,  and  dried,  and  recrystallised  from  a  considérable  quantity  of 
glacial  acetic  acid,  The  product  separated  abundantly  on  cooling 
in  beautiful,  large,  red  needles  and  melted  at  212°. 

(6)  Préparation  from  ^^-nitrobenzeneazophenol  by  nitration  in  strong 
sulphuric  acid  solution  : 

Finely  powdered  j9-nitrobenzeneazophenol  was  dissolved  in  a 
sufficiency  of  concentrated  sulphuric  acid,  and  the  calculated  quantity 
(1  mol.)  of  nitric  acid  (sp.  gr.  l'42)  itself,  diluted  with  sulphuric  acid, 
added.  The  mixture  was  set  aside  for  a  week,  then  diluted  largely, 
and  filtered.  The  resulting  compound,  after  washing  and  drying, 
was  recrystallised  from  hot  glacial  acetic  acid.  This  spécimen  melted 
at  2 12°  and  did  not  depress  the  melting  point  of  the  foregoing  spécimen. 

(c)  Préparation  by  coupling  /)-nitrobenzenediazonium  sait  with 
o-uitrophenol  : 

Six  grams  of  finely  powdered  j9-nitroaniline  were  mixed  with 
about  50  ce.  of  water  containing  13  ce.  of  fuming  hydrochloric  acid  ; 
the  mixture  was  cooled  to  0°  by  the  addition  of  small  pièces  of  ice,  and 
diazotised  by  the  very  graduai  addition  of  a  saturated  aqueous  solution 
of  3"1  grams  of  sodium  nitrite.  The  resulting  solution  was  rapidly 
filtered  into  one  containing  6  grams  of  o-nitrophenol  (in  the  form  of 
its  sodium  sait)  and  20  grams  of  crystallised  sodium  acétate  with  a 
little  sodium  carbonate.  Coupliug  took  place  without  delay,  and 
apparently  with  ease. 

The  mixture  was  acidified  with  hydrochloric  acid  and  the  product 
collected  at  the  pump.  As  the  crude  substance  thus  obtained  con- 
tained  some  unaltered  o-niti"ophenol  it  was  mixed  with  water  and  dis- 
tilled  in  steam  in  order  to  remove  this  substance,  and  then  crystallised 
thrice  from  glacial  acetic  acid.  This  préparation  also  melted  at  212°,  and 
■did  not  depress  the  melting  point  of  the  spécimen  prepared  by  nitration. 

j9-Nitrobenzeneazo-o-nitrophenol  crystallises  from  glacial  acetic  acid 
in  large,  shining,  red  needles  which  are  only  very  sparingly  soluble  in 
<3old  acetic  acid,  and  are  practically  insoluble  in  alcohol.  This  sub- 
stance also  dissolves  fairly  readily  in  toluène  ;  it  is  easily  soluble  in 
pyridine,  and  sparingly  so  in  benzène,  ethyl  acétate,  or  ether. 

0-1399  gave  23-1  ce  of  nitrogen  at  19°  and  764  mm.    N  =  19'2. 
CjoHgOglSr^  requires  N  =  19-4  per  cent. 

_  _N02 

The  acetyl  derivative,  N02<^       /^2\       yO-CO'Cïïg,  was  prepared 

in  the  usual  manner  ;  it  crystallised  from  glacial  acetic  acid  in  fine, 
brown,  silky  needles,  and  melted  at  138°.     This  substance  is  moderately 
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soluble  in  ethyl  acétate,  easily  so  in  benzène,  pyridine,  and  acetic  acid, 
and  d'tsolves  less  readily  in  alcohol. 

0-1086  gave  0-2028  CO,,  and  00286  H^O.     C-50-9  ;  H  =  29. 
Ci4HioO^N4  requires  0  =  509  ;  H=  30  per  cent. 

The  henzoyl  derivative,  N02<^      /^^\      /O'^O-C^FT^,    was    pre- 

pared  by  boiling  the  azophenol  with  beuzoyl  cliloride  ;  it  crystallised 
from  ethyl  acétate  in  dark  red,  small,  glistening  crystals  (m.  p.  179°). 

Tiiis  substance  is  practically  insoluble  in  alcohol,  but  is  soluble  in 
ethyl  acétate,  and  dissolves  somewhat  sparingly  in  benzène,  pyridine, 
or  acétone. 

0-1164  gave  0-2505  CO2  and  00349  ïïp.     C  =  58-7;  H  =  3-3. 
CjgHjgOyN^  requires  0  =  582  ;  H  =  3*1  per  cent. 


rreparation  of  m.-N^itro-'ç-iolucneazojjhenol. 

oh3/~\n/~\oh. 

NO, 

Three  grams  of  2-nitro-^j-toluidine  were  stirred  with  the  requisite 
quantity  of  dilate  hydrochloric  acid,  and  the  calculated  quantity  of 
sodium  nitrite,  dissolved  in  water,  added,  the  température  not  being 
allowed  to  exceed  0°. 

The  diazo-solution  thus  obtained  was  filtered  into  a  solution  of  the 
calculated  quantity  of  phénol  with  excess  of  sodium  acétate. 
Coupling  proceeded  immediately,  and  the  liquid  was  acidified  and 
filtered.  After  recrystallisation  from  glacial  acetic  acid,  the  yield  was 
over  4  grams  ;  the  product  separated  from  glacial  acetic  acid  in 
glistening,  orange  crystals  melting  at  186°;  this  substance  is  readily 
soluble  in  acetic  acid,  ethyl  acétate,  and  pyridine,  moderately  so  in 
benzène  or  ether,  but  scarcely  dissolves  in  alcohol. 

0-1593  gave  0-3524  00,  and  0-0564  Hp.     0  =  60-3  ;  H  =  3-97. 
O^gHjjOgNg  requires  0  =  60*7  ;  H  =  4-3  per  cent. 


The  acetyl  derivative,  0H3<'        /^^^        ^O'OO'CHg,  prepared  as 
Îs0~  ~ 

in  the  préviens  cases,  crystallised  from  dilute  acetic  acid  in  fine, 
golden-yellow  needles  melting  at  113°  ;  it  is  very  soluble  in  benzène^ 
pyridine,  acetic  acid,  or  alcohol,  and  moderately  so  in  ethyl  acétate. 

0-1895  gave  0-4200  00,,  and  0-0720  H,0.     0  =  60-4  ;  H  =  4-2. 
C^gHjgO^Ng  requires  0  =  60-2  ;  H  =  4-3  per  cent. 
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Préparation  qf  o-Niiro-p-tol'mneazophmiol. 

S-Nitro-jo-toluidine  was  diazotised  and  treated  with  phénol  exactly 
as  in  the  case  of  its  isomeride. 

The  crude  product,  after  crystallisation  from  alcohol  and  two  re- 
crystallisations  from  benzène,  formed  small,  brown  crystals  melting 
at  158°. 

0-1179  gave  16-9  ce.  nitrogen  at  16°  and  764  mm.     N=  16-9. 
C^3Hj^03]S'3  requires  N  =^  16-4  per  cent. 

The  authors  originally  intended  to  prépare,  if  possible,  one  of  thèse 
two  tolueneazophenols  by  the  direct  nitration  in  strong  sulphuric  acid 
solution  of  jo-tolneneazophenol.  Experiments  in  this  connection  hâve, 
so  far,  led  to  no  very  definite  conclusion,  but  this  négative  resuit  is 
perhaps  not  devoid  of  interest,as  it  indicates  that,  in  strong  acid  solution, 
jo-tolueneazophenol  is  not  exclusively  attacked  by  nitric  acid  in  any 
spécial  direction,  the  para-position  in  the  toluène  residue  being  already 
occupied  by  a  methyl  group. 

With  dilute  nitric  acid,  this  azophenol  is  obviously  most  readily 
substituted  in  the  phenolic  nucleus  (Hewitt,  Lindfield,  loc.  cit.). 

Ail  the  melting  points  given  in  this  paper  are  corrected. 

East  London  Technical  Collège. 


XXVIII. — Studies  in  the  Campliane  Séries.  Part 
XVII.  Configuration  of  i^oNitrosocamphor  and 
its   Unstable  Modification. 

By  Martin  Onslow  Forster. 

At  the  time  of  describing  an  unstable  modification  of  /sonitroso- 
camphor  (Trans.,  1903,  83,  534,  and  1904,  85,  904),  the  facts  did  not 
justify  any  décision  regarding  the  configuration  of  the  isomerides  ; 
further  information  has  been  gained,  however,  which,  taken  in  con- 
junction  with  previous  observations,  does  appear  to  admit  of  a  definite 
conclusion  being  drawn. 

Owing  to  the  participation  of  the  group  •CO'C(!NOH)*  in  the  cam- 
phane  cycloid,  the  process  adopted  by  Beckmann  and  Koster  (Antialeii, 
1893,  274,  1)  in  elucidating  the  configuration  of  the  benzilmonoximes 
is  not  applicable  to  the  wonitrosocamphors  ;  it  was  necessary,  therefore, 
to  seek  some  other  mode  of  attack,  and  this  has  been  found  in  study^ 
ing  the  behaviour  of  thèse  compounds  towards  magnésium  methyl 
iodide. 
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In  correspondence  with  the  four  dioximes  of  camphorquinone,  the 
existence  of  which  has  now  been  established,  it  was  to  be  expected 
that  four  modifications  of  the  oxime, 

ç:noh 

^    i^^C(0H)-CH3' 

would  be  obtainable  on  applying  the  Grignard  reaction  to  the  iso- 
nitrosocamphors  ;  three  of  thèse  are  described  in  the  présent  paper, 
and  it  is  the  behaviour  of  one  of  them  which  appears  to  détermine  the 
point  in  question. 

On  the  basis  of  the  Hantzsch-Werner  hypothesis,  in  association  with 
the  requirements  of  cjs-i{rffl?ts-isomerism,  two  modifications  of  the  above- 
mentioned  oxime  should  contain  the  hydroxyl  group  of  the  oximino- 
substituent  in  the  immédiate  neighbourhood  of  the  second  hydroxyl 
group,  whilst  the  two  remaining  forms  would  hâve  their  hydroxyl 
groups  withdrawn  from  proximity  : 


/         \ 
II.    C C 

Il  ,-''\ 


III.        C C  IV. 


HO-N        HO     CH,  HO-N        HO 


Thus,  the  oximes  having  configurations  I  and  II  would  lend  them- 
selves  to  anhydride  formation,  whilst  modifications  III  and  IV  might 
resist.  Now  among  the  three  new  oximes,  ail  of  which  are  amphoteric, 
two  are  converted  rapidly  into  a  liquid  anhydride  when  their  solutions 
in  dilute  acids  or  alkalis  are  warmed,  whilst  the  third  undergoes  the 
same  change  in  acid,  but  escapes  attack  in  alkali  ;  as  this  comparatively 
indiffèrent  oxime  is  derived  from  the  unstable  ?sonitrosocamphor,  it  is 
reasonable  to  conclude  that  the  last-named  compound  has  the  second 
of  the  configurations  : 


S fi  fi fi  ' 

N-OH       O  HO-N  O 

sj/H-Modification  (m.  p.  l.')2°).  rtH^i'-Modifieatiou  (m.  p.  114°). 

the  first  of  which  thus  représenta  the  stable  isomeride. 
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This  aspect  of  the  relationship  between  the  îsonitrosocamphors  agrées 
with  their  behaviour  towards  benzoyl  chloride,  It  bas  been  sbown 
(Trans.,  1904,  85,  905)  tbat  this  agent  in  pyridine  couverts  the 
unstable  i'sonitrosocamphor  into  a  yellow  derivative  (m.  p.  105°)  from 
which  the  oximinoketone  is  regenerated  on  hydrolysis,  whilst  the 
stable  modification  yields  a  colourless  isomeride  (m.  p.  136°)  hydrolys- 
able  to  a-camphornitrilic  acid.  If  the  stable  îsonitrosocamphor  has 
the  configuration  indicated  above,  in  which  the  hydroxyl  group 
occupies  the  syji-position  with  respect  to  carbonyl,  circumstances  are 
favourable  to  the  production  of  ^;seMc/o-derivatives  wbich  would  readily 
yield  a-camphornitrilic  acid  on  hydrolysis  : 

CcHi.  CqH,.  GoHi. 


C C-OBz  G       C-OH  G G-OMe 

H      I  -->     III     H  <~     W      \ 

N — 0  N      0  N — O 

Colourless  benzoyl  o-Camphoniitrilic  acid.  0-Methyl  ether. 

derivative. 

This  view  of  the  colourless  jjsetido-derivsitiyes  regards  them  as 
having  the  structitre  which  Hantzsch  ascribed  to  the  coloured  alkali 
derivatives  of  a-oximinoketones  ;  without  discussing  the  gênerai 
question  raised  by  this  assumption,  it  may  be  pointed  out  that  with 
respect  to  îsonitrosocamphor,  it  seems  more  probable  that  the  coloured 
alkali  derivatives  hâve  the  normal  structure  of  oximinoketones,  whilst 
the  colourless  derivatives  are  of  the  ^;seMcZo-type. 

Such  2)seudo-eom'ponnds  might  be  expected  to  f urnish  a-aminocam- 
phor  on  réduction,  since  they  still  contain  the  camphane  ring,  and  this 
behaviour  has  been  already  noted  in  connection  with  the  colourless 
benzoyl  derivative  and  the  0-methyl  ether  {loc.  cit.).  The  fact  that 
the  j9seMC?o-derivatives  contain  the  camphor  nucleus  unimpaired  is 
further  demonstrated  by  their  behaviour  towards  magnésium  methyl 
iodide,  which  transforms  the  colourless  benzoyl  derivative  quantita- 
tively  into  dimethylaminocamphor  ;  this  base  arises  also  from  the 
0-methyl  ether,  but  the  yield  is  not  so  good.  It  is  not  easy  to  explain 
this  curious  change,  which  incidentally  affords  a  most  convenient 
process  for  obtaining  dimethylaminocamphor,  first  prepared  by  methyl- 
ating  the  primary  base  (Diiden  and  Pritzkow,  Ber.,  1899,  32,  1542). 
In  so  far  as  it  relates  to  the  behaviour  of  doubly  linked  carbon  and 
nitrogen,  the  reaction  is  comparable  with  the  observation  of  Busch  {Be7'., 
1904,  37,  2691),  who  converted  benzylideneaniline  into  a-anilinoethyl- 
benzene  by  means  of  the  Grignard  reaction  ;  in  this  case,  however, 
the  added  methyl  complex  becomes  attached  to  carbon,  whereas  in 
i/z-benzoyh'sonitrosocamphor  it  is  the  nitrogen  which  takes  up  two  of 
thèse  groups.     But  the  change  involves  also  the  removal  of  oxygen, 
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and  in  this  respect  recalls  the  replacement  of  aldehydic  oxygen  by 
methyl  groups  lately  noticed  by  F.  Sachs  and  L.  Sachs  {Ber.,  1905, 
38,  518). 

In  a  récent  paper  by  Werner  and  Piguet  {Ber.,  1904,  37,  4295), 
prominence  has  been  given  to  the  fact  that,  in  addition  to  the  Beck- 
mann  rearrangement  of  diketone  monoximes  typified  by  the  change 

there  must  be  recognised  a  second  order  of  transformation,  recalling 
the  behaviour  of  syn-aldoximes, 

N-OH  ^  N  OH  ' 

In  the  case  of  the  syn-modification  of  ?sonitrosocamphor,  the  action 
of  benzoyl  chloride  may  be  described  as  an  attempt  to  effect  the  latter 
change,  which  falls  short  of  completion  owing  to  the  stability  conferred 
by  the  camphane  nucleus,  and  is  thus  arrested  at  the  intermediate 
stage  represented  by  the  ;jsewfZo-derivative, 

CsHh 

/\  ^8^14  CîgH,^ 

C 0  C C-OH  C       C-OH 

H  II      ->      Il      I  -^      III     11 

N-OH      0  N — 0  N      O^ 

si/7i-Modification.  ^'^euc^o-Derivative.  a-Caniphomitrilic  acid. 

As  yet  the  ^seMf?o-modification  of  isonitrosocamphor  has  been 
obtained  only  in  the  form  of  its  alkyl  and  acyl  derivatives,  attempts 
to  isolate  the  substance  itself  having  always  failed  owing  to  the 
readiness  with  A\iiich  alkalis  bring  about  the  complète  transformation 
to  a-camphornitrilic  acid  ;  but  it  seems  highly  probable  that  the 
colourless  compound  CgQHgsOgKg,  obtained  by  the  action  of  alcoholic 
ammonia  on  the  colourless  {jjseudo)  benzoyl  derivative  (Trans.,  1904, 
85,  907),  is  the  ^jse«f?o-anhydride, 

CgH^^        CgHj4 

/\  /\ 

C_ç.o.Ç— C, 

N — -0      0 N 

isomeric  with  a-camphornitrilic  anhydride  and  with  the  yellow 
anhydride  of  wonitrosocamphor. 

I  hâve  lately  prepared  this  compound  directly  from  the  s.y»-modifica- 
tion  without  converting  it  first  into  the  benzoyl  derivative.  The 
transformations  described  by  Werner  and  Piguet  dépend  on  the  action 
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of  benzenesulphonic  chloride,  and  Professer  Werner  having  kindly 
informed  me  that  he  did  not  propose  to  include  isonitrosocamphor  in 
his  experiments,  I  hâve  examined  the  behaviour  of  both  modifications 
towards  the  agent  in  question.  Using  pyridine  as  a  médium,  it 
appears  that  the  syri-modification  yields  the  colourless  anhydride, 
C^fiïïjgOaNg,  referred  to  above,  whilst  the  an^t-derivative  is  transformed 
into  the  yellow  anhydride  (m.  p.  194°). 

No  attempt  is  made  in  this  communication  to  détermine  the  con- 
figuration of  the  three  isomeric  oximes  beyond  indicating  that  the 
a-oxime  must  be  represented  by  one  of  the  expressions  III  and  IV, 
whilst  the  y-oxime  has  the  configuration  I  or  II.  It  is  notewortby 
that  although  the  a-  and  ;8-modifications  are  both  derived  from  the 
unstable  tsonitrosocamphor,  and  both  change  into  the  y-oxime  on  the 
water-bath,  they  should  yet  be  distinguished  from  one  another  in  their 
behaviour  towards  hot  alkali  ;  this  peculiarity  is  perhaps  explained  by 
the  fact  that  when  the  a-oxime  changes  into  the  y-isomeride,  the 
/3-modification  is  not  produced  as  an  intermediate  compound. 

Expérimental. 
The  Isomeric  Oximes,  ^s^uKq]qj^\.qjj_  • 

In  order  to  prépare  the  three  oximes  by  one  opération,  it  is 
necessary  to  employ  the  mixture  of  ^sonitrosocamphors  produced  by  the 
action  of  amyl  nitrite  on  an  ethereal  solution  of  camphor  in  which 
sodium  has  been  dissolved,  the  material  thus  obtained  being  recrystal- 
lised  from  boiling  water.  Twenty  grams  were  added  slowly  to  an  ice- 
cold  ethereal  solution  of  magnésium  methyl  iodide  prepared  from  50 
grams  of  methyl  iodide  and  7*2  grams  of  magnésium;  a  very  vigorous 
action  took  place,  and  the  pale  yellow  powder  changed  immediately  to 
dark  brown  lumps,  which  quickly  dissolved.  When  15  grams  had 
been  added,  this  product  dissolved  more  slowly,  the  liquid  separating 
into  two  layers,  of  which  the  lower  was  dark  grey  and  viscous,  the 
upper  being  colourless  and  limpid.  After  twelve  hours,  the  wonitroso- 
camphor  having  disappeared  completely,  the  magnésium  compound  was 
decomposed  by  fragments  of  ice,  and  acetic  acid  in  sufficient  amount  to 
form  a  clear  solution,  which  was  removed  in  a  separating  funnel.  The 
ethereal  solution  was  shaken  first  with  aqueous  sodium  carbonate,  and 
then  with  a  5  per  cent,  solution  of  potassium  hydroxide  in  quantities 
of  10  ce.  until  the  unchanged  wonitrosocamphor  was  removed,  about 
50  ce.  being  required  ;  it  was  further  extracted  with  25  per  cent, 
potassium  hydroxide,  100  ce  at  a  time,  until  the  extract  gave  no 
precipitate  with  acetic  acid,  400  ce  being  necessai-y.  The  ether  was 
then  dried  with  calcium  chloride  and   evaporated,  leaving  8  grams  of 
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a  pale  yellovv  oil  which  had  an  agreeable,  camphoi-like  odour,  and 
solidified  on  cooling  ■  the  product,  when  treated  with  a  small  quantity 
of  light  petroleum  and  drained  on  earthenware,  weighed  6  grams. 

The  a-oxime,  obtained  in  this  manner,  was  crystallised  from  boiling 
light  petroleum,  then  from  dilute  alcohol,  and  recryst-illised  from  light 
petroleum,  forming  clusters  of  transparent  plates  wliich  melt  at  178'^. 

0-2050  gave  0-5019  CO.^  and  0-1770  H^O.     0  =  66-77;  H  =  9-60. 

0-2063     „     13-0  ce.  of  nitrogen  at  19°  and  Çôe  mm.     N  =  7-30. 

Oi^HjgOgN  requires  G  =  67-00  ;  H  =  9-64  ;  N  =  7-10  per  cent. 

A  solution  containing  0-5890  gram  dissolved  in  25  ce.  of  chloroform 
gave  ao  3°58'  in  a  2-dcm.  tube,  whence  [a]i,  84*2°;  in  the  course  of  24 
hours  this  rotation  fell  to  a^  3°7'  corresponding  to  [a]u  66-1°,  and  on 
allowing  the  solution  to  evaporate  spontaneously,  and  reerystallising 
the  residue  from  light  petroleum,  it  was  found  to  eonsist  entirely  of 
the  y-oxime  (see  below). 

The  a-oxime  dissolves  readily  in  10  per  eent.  potassium  hydroxide, 
forming  a  colourless  solution  which  remains  clear  when  boiled  and 
does  not  yield  a  eharacteristie  precipitate  with  ferrons  sulphate  ; 
potassium  permanganate  is  reduced  at  once  to  manganate,  and 
potassium  ferricyanide  also  oxidises  the  substance  immediately,  yield- 
ing  a  colourless,  floeculent  precipitate.  A  solution  in  10  per  cent. 
sulphuric  acid  does  not  change  at  common  températures,  and  the 
unaltered  oxime  is  precipitated  on  dilution  or  neutralisation  with 
sodium  cai'bonate,  but  if  the  liquid  is  boiled,  the  oxime  is  converted 
into  the  anhydride. 

The  two  compounds  isomeric  with  the  foregoing  substance  were 
found  in  the  25  per  cent,  solution  of  potassium  hydroxide  with  which 
the  ether  was  extracted.  This  liquid  was  acidified  with  glacial  acetic 
acid,  which  furnished  a  colourless,  crystalline  precipitate,  and  it  is 
necessary  to  mention  that  as  the  alkaline  liquid  becomes  turbid  on 
warming,  acidification  must  be  conducted  without  removing  the 
dissolved  ether.  Eight  grams  of  the  mixed  oximes  were  obtained,  and 
by  fractional  extraction  with  boiling  light  petroleum  indefinite  nodules 
were  separated  from  less  readily  soluble  needles. 

The  (3-0X17)16,  the  more  soluble  of  thèse  two  compounds,  dissolves 
freely  in  boiling  light  petroleum,  and  melts  at  183°. 

0-1519  gave  0-3717  COg  and  0-1310  H.p.     0  =  66-73;  H  =  9-58. 
0-1312     „     8-0  ce  of  nitrogen  at  18°  and  763  mm.     N  =  7-07. 
Oi^H^gOgN  requires  0  =  6700  ;  H  =  9-64  ;  N:=  7-10  per  cent. 

A  solution  containing  0-5224  gram  in  25  ce.  of  chloroform  gave  a^ 
2°50'  in  a  2-dcm.  tube,  whence  [aj^  67-8°;  this  value,  unlike  that  of 
the  a-oxime,  does  not  change  when  the  solution  is  exposed  to  sunlight 
,     VOL.   LXXXVII.  S 
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during  several  days,  and  on  allowing  the  cliloroform  to  evaporate 
spontaneously,  the  major  portion  is  recovered  unaltered,  the  small 
proportion  which  changes  into  the  y-oxime  being  produced,  most  likely, 
during  the  process  o£  crystallisation  from  hot  petroleum. 

The  substance  resembles  the  a-oxime  in  the  behaviour  of  its 
alkaline  solutions  towards  potassium  permanganate,  potassium  ferri- 
cyanide,  and  ferrous  sulphate,  but  diiîers  from  it  in  changing  rapidly 
into  the  anhydride  when  a  solution  in  10  per  cent,  potassium  hydroxide 
is  boiled  ;  it  may  be  recovered  unchanged  from  solutions  in  10  per 
cent,  sulphuric  acid  if  thèse  are  neutralised  promptly  with  sodivim 
carbonate,  but  in  the  course  of  1  hour  dehydration  occurs,  and  the 
liquid  becomes  turbid.  If  the  dry  substance  is  heated  on  the  water 
bath,  it  changes  into  the  y-modification. 

The  y-oxime,  under  which  référence  is  made  to  the  sparingly  soluble 
needles  associated  with  the  /3-oxime  removed  from  ethereal  solution 
by  25  per  cent,  potassium  hydroxide,  is  insoluble  in  cold  petroleum, 
1  gram  requiring  about  600  ce.  of  the  hot  solvent  (b,  p.  60 — 80°), 
from  which  it  séparâtes  in  long,  silky  needles,  melting  at  187°. 

0-1922  gave  0-4739  CO2  and  0-1644  H.p.    C  =  67-24  ;  H  =  9-52. 

0-2102     „     13-4  ce.  of  nitrogen  at  16°  and  754  mm.    N  =  7-37. 

^iiHiA^  requires  C  =  67-00;  H  =  9-64  ;  N-7-10  per  cent. 

A  solution  containing  0-3240  gram  in  25  ce  of  chloroform  gave 
aa  1°10'  in  a  2-dcm.  tube,  whence  [aji,  45-0°.  The  substance 
undergoes  no  change  at  100°  during  several  days,  but  resembles  the 
isomerides  in  the  behaviour  of  solutions  in  10  per  cent,  potassium 
hydroxide  towards  potassium  permanganate,  potassium  ferricyanide, 
and  ferrous  sulphate  ;  it  distinguishes  itself  from  the  a-oxime,  bvit 
resembles  the  j8-modification,  in  yielding  the  oily  anhydride  when  the 
solution  in  alkali  is  boiled,  and  the  same  change  occurs  readily  on 
warming  the  solution  in  10  per  cent,  sulphuric  acid.  Attempts  to 
benzoylate  the  corripound  in  pyridine  and  by  the  Schotten-Baumann 
process  led  in  each  case  to  a  slimy  product,  probably  consisting  of  the 
benzoyl  derivative  associated  with  the  anhydride. 

In  order  to  ascertain  which  of  the  three  oximes  is  derived  from  the 
stable  modification  of  lisonitrosocamphor,  20  grams  of  the  latter, 
prepared  by  differential  oxidation  of  the  mixture  with  potassium 
ferricyanide,  were  treated  with  magnésium  methyl  iodide  under  the 
conditions  first  described,  when  it  was  found  that  the  y-oxime  alone 
is  produced.  Furthermore,  an  experiment  in  which  20  grams  of  the 
mixed  tsonitrosocamphors  were  added  to  a  solution  of  magnésium 
methyl  iodide  prepared  from  100  grams  of  the  alkyl  halide  instead  of 
50  grams,   yielded  the  (i-  and  y-oximes  alone,   from  which  it  appeai^s 
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that  great  excess  of  the  magnésium  compound  is  unfavourable  to  the 
formation  of  the  a-oxime. 

C=N 
The  Oxime  Anhydride,  ^^li^nw    A- 

It  bas  been  statecl  tbat  the  a-oxime  is  distinguished  from  the 
isomeric  substances  by  the  stability  of  alkaline  solutions,  which,  in  the 
case  of  the  ^-  and  y-modificatious,  rapidly  become  turbid  when  heated. 
Five  grams  of  recrystallised  y-oxime  were  dissolved  in  15  per  cent, 
potassium  hydroxide,  and  warmed  on  the  water-bath  during  1  hour  ; 
the  colourless  oil  which  separated  was  collected  with  ether,  and  after 
removing  the  solvent,  was  allowed  to  remain  14  days  in  the  desic- 
cator. 

0-2167  gave  0-5804  CO^  and  0-1818  H^O.     C  =  73-05  ;  H  =  9-32. 

0-2934     „     21-1  ce.  of  nitrogen  at  19°  and  762  mm.     N  =  8*87. 

Ci^Hj^ON  requires  C  =  73-74  ;  H  =  9  50  ;  N  =  7  82  per  cent. 

A  solution  containing  0-4150  gram  in  20  ce.  of  chloroform  gave 
ap  2°55'  in  a  2-dcm.  tube,  whence  [ajn  70-3°.  The  anhydride  is 
only  very  slightly  volatile  in  steam,  the  vapour  having  a  faint  odour 
of  camphor  ;  it  does  not  reduce  potassium  permanganate  after  the  first 
few  drops  bave  been  added. 

Conversion  of  the  0-Methyl  Ether  of  isoIVitrosocamphor 
iato  Dimethylam inocamphor. 

Thirty  grams  of  the  finely  divided  ether  were  slowly  added  to  a 
well-cooled  solution  of  magnésium  methyl  iodide  prepared  from 
100  grams  of  the  alkyl  halide  and  15  grams  of  magnésium.  A 
vigorous  action  took  place,  the  solid  becoming  brown  and  then  dis- 
solving  ;  after  12  hours,  the  liquid  was  decomposed  with  ice  folio wed 
by  acetic  acid,  which  precipitated  lustrons  leaflets.  The  crystals  were 
filtered,  washed  with  ether,  and  recrystallised  from  boiling  water, 
which  deposited  14  grams  of  dimethylaminocamphor  acétate  in  hard, 
lustrons,  prismatic  needles,  whilst  the  mother  liquor,  united  with  the 
solution  of  magnésium  acétate,  yielded  5  grams  of  the  base  on  steam 
distillation  after  treatment  with  alkali. 

0-1740  gave  0-4718  COo  and  0-1702  HoO.     C  =  73-94;  H=  10-86. 
C12H21ON  requires  C  =  73-84  ;  H  =  10-77  per  cent. 

The  dimethylaminocamphor  liberated  from  the  recrystallised  acétate 
is  a  colourless  oil  which  crystallises  in  needles,  and  boils  at  241°under 
785  mm.  pressure;  a  solution  containing  0-8497  gram  in   25   ce,   of 
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absolute  alcohol  gave  a^  3°  24'  in  a  2-dcm.  tube,  whence  [aju  50"0°. 
It  does  not  reduce  Fehling's  solution,  and  is  affected  only  slowly  by 
ammoniacal  silver  nitrate.  The  picrate,  whicb  is  only  moderately 
soluble  in  hot  alcohol,  crystallises  in  fern-like  aggregates,  and  melts  at 
220'^  when  it  décomposes  ;  the  hydriodide  séparâtes  from  boiling  water 
in  inch-long,  flat,  lustrous  needles,  which  melt  and  décompose  at  251°. 
The  platinichloride  is  very  sparingly  soluble  in  boiling  alcohol,  but 
dissolves  on  adding  hydrochloric  acid,  and  crystallises  in  transparent, 
glittering,  orange  plates,  which  melt  and  décompose  at  211.°.  The 
acétate  is  a  characteristic  sait  which  begins  to  darken  about  210°,  and 
melts,  evolving  gas,  at  251°. 

Formation     of    Dimethylaminocamjyhor  from    the    Colourless    Benzoyl 
Derivative  of  isoN^itrosocam])hor. 

Fifteen  grams  of  the  colourless  benzoyl  derivative  were  added  to  a 
well-cooled  ethereal  solution  of  magnésium  methyl  iodide  prepared 
from  50  grams  of  methyl  iodide  and  7  "2  grams  of  magnésium,  the 
action  being  immédiate  and  vigorous.  After  12  hours,  the  product  was 
decomposed  with  ice,  and  on  adding  excess  of  acetic  acid  the  character- 
istic acétate  of  dimethylaminocamphor  was  precipitated  ;  when 
recrystallised  from  boiling  water,  the  product  weighed  12  grams,  and 
a  further  quantity  of  the  base  weighing  2  grams  was  obtained  by 
uniting  the  mother  liquor  with  the  solution  of  magnésium  acétate, 
adding  alkali,  and  distilling  in  a  current  of  steam. 

Action  of  Bemenesulfhonic  Chloride  on    the    syn-  and    SiXiii- Modifica- 
tions of  iso N'itrosocamphor. 

Twenty  grams  of  the  syîi-modification  (m.  p.  152°)  were  dissolved 
in  100  ce.  of  pyridine,  and  treated  with  20  grams  of  benzenesulphonic 
chloride  ;  the  température  rose,  but  there  was  no  séparation  of 
pyridine  hydrochloride.  After  4  hours,  200  ce.  of  water  were  added, 
precipitating  an  oil  which  rapidly  crystallised,  the  product  being  in- 
soluble in  alkali,  and  weighing  16  grams.  Recrystallised  twice  from 
absolute  alcohol  and  once  from  ethyl  acétate,  the  substance  was 
obtained  in  long,  lustrous  needles  melting  at  152°. 

0-2166  gave  0-5553  COg  and  0-1570  H2O.     0  =  69-92  ;  H  =  8-05. 

0-1506     „     10-5  ce  of  nitrogen  at  18°and  776  mm.     N  =  8-22. 

C20H28O3N2  requires  C  =  69-77  ;  H  =  814  ;  N  =  8-14  per  cent. 

A  solution  containing  0-2481  gram  dissolved  in  25  ce.  of  chloroform 
gave  ttD  2°48'  in  a  2-dcm.  tube,  whence  [a]^  141-1°.  The  substance  is 
identical  with  the  colourless  anhydride  obtained  from  the  j^seudo- 
benzoyl  derivative  and  alcoholic  ammonia  (Trans.,  1904,  85,  907). 
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On  subjecting  the  «M/îi-modification  of  tsonitrosocamphor  (m.  p.  114°) 
to  the  same  treatment,  a  product  was  obtained  which  crystallised  from 
alcohol  in  lustrons,  sulphur-yellow  needles  melting  at  195°,  and 
giving  [ajo  1392°  in  chloroform  ;  it  is  therefore  identical  with  the 
yellow  anhydride  of  «sonitrosocamphor  obtained  by  the  action  of  mild 
dehydrating  agents  on  the  alkali  derivatives  (Trans.,  1903,  83,  530). 

1  :  2-Dimethylcamphanediol,    CgHj^<^  '         _^  . 

Fifty  grams  of  camphorquinone  were  added  to  a  solution  of 
magnésium  methyl  iodide  prepared  from  28  grams  of  the  métal  and 
200  grains  of  methyl  iodide  in  500  ce.  of  absolute  ether  ;  the  sub- 
stance was  converfced  immediately  into  a  dark  red  solid  which  rapidly 
dissolved  with  effervescence,  forming  a  coloui'less  solution.  After  12 
hours,  the  magnésium  compound  was  decomposed  with  ice  followed  by 
acetic  acid,  and  the  ethereal  portion  distilled  on  the  water-bath  ;  the 
residue  being  yellow,  was  warmed  with  an  alcoholic  solution  of 
hydroxylamine,  which  rendered  it  colourless,  and  was  then  submitted 
to  a  current  of  steam,  yielding  44  grams  of  a  snow-white,  volatile 
solid.  This  pi-oduct  was  crystallised  from  light  petroleum,  which 
dissolves  it  readily  when  warm,  and  deposits  magnificent  transparent 
prisms  melting  at  132°. 

0-1685  gave  0-4470  CO2  and  0-1670  ïïgO.     0  =  72-35  3  H- 11-01. 
O^.ïï^.p^  requires  0  =  72-72  ;  H  =  1111  per  cent. 

In  dilute  solutions  the  glycol  appears  to  be  optically  inactive,  but 
3-0673  grams  dissolved  in  25  ce.  of  absolute  alcohol  gave  ajo  14'  in  a 
2-dcm.  tube,  whence  [aju  0'95°. 

At  first  it  was  hoped  that  by  replacing  the  hydroxyl  groups  with 
chlorine  or  bromine,  and  reducing  the  halogen  derivative  thus 
obtained,  it  would  be  possible  to  prépare  the  hydrocarbon  dimethyl- 
camphane,  but  the  glycol  is  so  sensitive  to  dehydrating  agents  that 
very  little  can  be  doae  with  it.  Sulphuric  acid,  hydrobromic  acid, 
phosphorus  pentachloride,  and  acetic  anhydride  convert  it  into 
indefinite  oils  ;  phenylearbimide  has  no  action  on  it,  but  calcium 
chloride  yields  an  amorphous,  solid  derivative  which  is  not  hygroscopic, 
and  which  régénérâtes  the  glycol  when  treated  with  boiling  water. 

Royal  Collège  of  Science,  London, 
South  Kensington,  S.W. 
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XXIX. — The  Estimation  of  Saccliarin. 

By  Charles  Proctor,  F.I.C. 

For  the  estimation  of  the  very  small  quantities  of  saccharin  used 
for  sweetening  aërated  waters,  and  other  articles  of  food  and  drink, 
the  process  generally  followed  bas  been  to  extract  the  saccharin 
with  ether  or  other  solvent,  and  then  to  fuse  the  residues  obtained 
in  silver  crucibles  either  with  jDure  caustic  potash  and  potassium 
nitrate  or  with  pure  caustic  soda. 

In  the  former  case,  the  sulphur  of  the  saccharin  and  other  asso- 
ciated  sulphamido-compounds  is  oxidised  to  sulphate  and  can  be 
estimated  as  barium  sulphate.  By  this  method,  no  distinction  is 
drawn  between  real  sacchai'in  (o-benzoic  sulphinide)  and  jj-sulph- 
amidobenzoic  acid;  but  where  this  is  not  necessary  the  results  are 
fairly  satisfactory,  and  the  method  bas  the  advantage  of  giving  a 
weighable  quantity  of  barium  sulphate  from  a  very  small  quantity 
of  commercial  saccharin. 

By  fvision  with  caustic  soda  under  suitable  conditions  real  sac- 
charin (o-benzoic  sulphinide)  is  transformed  into  sodium  salicylate, 
which  can  be  detected  and  estimated  by  the  coloration  given  by 
an  iron  sait  in  neutral  or  faintly  acid  solutions.  The  salicylic  acid 
test  is  very  délicate  and  is  capable  of  detecting  minvite  quantities  of 
saccharin.  There  appears  to  be  little  doubt,  however,  that  some 
wines  and  fruits  yield  more  or  less  salicylic  acid  when  their  ethereal 
extract  is  fused  with  caustic  soda,  and  as  a  qualitative  test  the 
salicylic  acid  method  must  be  used  with  some  caution. 

The  transformation  of  real  saccharin  into  salicylic  acid  appears  to 
be  a  fairly  quantitative  reaction  under  suitable  conditions;  and,  as 
p-sulphamidobenzoic  acid,  or  other  impurities  likely  to  be  présent 
in  commercial  saccharin,  do  not  yield  salicylic  acid,  this  method  can 
be  employed  for  estimating  the  percentages  of  real  saccharin  in 
commercial  samples. 

Satisfactory  results,  however,  can  only  be  obtained  when  standard 
samples  of  pure  o-benzoic  sulphinide  are  fused  at  the  same  time  and 
otherwise  treated  in  exactly  the  same  manner  as  the  samples  under 
examination.  Apparently  very  slight  variations  at  any  stage  of  the 
experiment  will  cause  somewhat  wide  différences  in  the  results,  and 
rigorous  attention  to  evei-y  détail  is  therefore  necessary.  There  is 
also  always  some  difïiculty  in  exactly  matching  the  colorations 
produced  by  the  iron  sait  ;  and,  where  the  percentages  of  pure  sac- 
charin in  the  samples  under  examination  differ  widely  from  the 
standard,  the  dilutions  necessary  to  obtaiu  coi-respondence  in  the 
tints  may  give  rise  to  rather  large  expérimental  errors. 
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When  ajDplied  to  the  ordiuary  commercial  saccliaiius,  or  to  mix- 
tures of  saccharin  with  alkali  carbonates  which  eau  be  directly 
fused  with  caustic  soda,  the  salicylic  acid  method,  except  for  the 
somewhat  close  attention  to  détails  reqiiired,  is  a  comparatively 
simple  process.  But  when  the  sacchai'in  is  mixed  with  other  sub- 
stances, it  is  usually  necessary  to  extract  it  with  ether  oï  other 
solvent,  and  the  residues  may  hâve  to  be  purified  from  colouring 
matter  and  separated  from  salicylic  acid  before  the  fusion  with 
caustic  soda.  This  is  often  very  troublesome,  and  sometimes  prac- 
tically  impossible.  When  applied  to  the  mixtures  and  residues 
from  saccharin  factories,  for  instance,  the  results  obtained  were 
unsatisfactory,  probably  owing  to  the  présence  of  o-toluenesulphon- 
amide,  and  possibly  other  ortho-compounds,  which  on  fusion  with 
caustic  soda  yield  some  salicylic  acid.  Thèse  substances  cannot  be 
readily  separated  from  the  saccharin,  and  any  process  for  estimating 
saccharin  which  would  enable  thèse  preliminary  extractions  and 
purifications  to  be  dispensed  with  would  be  a  great  convenience. 

A  process  of  this  kind  has  been  described,  the  principle  of  which 
appears  to  be  due  to  Remsen  and  Burton,  who,  in  1890  (Amer. 
Chem.  J.,  11,  403 — 408),  showed  that  when  commercial  saccharin 
was  boiled  with  dilute  hydrochloric  acid  for  about  an  hour,  the 
ortho-compound  was  changed  into  the  acid  ammonium  sait  of 
sulphobenzoic  acid,  whilst  ^>sulphamidobenzoic  acid  remained 
unaltered.  They  described  a  method  of  estimating  the  two  sub- 
stances by  concentrating  the  hydrolysed  solution,  cooling,  and  allow- 
ing  the  ^J-sulphamidobenzoic  acid  to  crystallise,  the  crystals  being 
then  filtered  off,  washed,  dried,  and  weighed. 

In  1894,  Hefelmann  {PJiarm.  Centr.  Bhitt,  85,  105)  described 
a  somewhat  similar  method,  using  71  per  cent,  sulphuric  acid 
as  the  hydrolysing  agent,  but  finally  treating  the  solution  with 
excess  of  caustic  soda,  distilliug  off  and  estimating  the  animonia 
produced  as  in  the  Kjeldahl  process  for  estimating  nitrogen. 

Some  years  later,  E.  Emmet  Reid  (.4 mer.  Chem.  J.,  1899,  21,461) 
made  a  séries  of  analyses  of  pure  saccharin  (o-benzoic  sulphinide),  of 
pure  2>svilphamidobenzoic  acid,  and  of  commercial  samples  of  sac- 
charin by  Hefelmann's  process.  As  a  resuit  of  his  experiments, 
Reid  came  to  the  conclusion  that  the  percentage  of  pure  saccharin 
in  commercial  samples  could  be  accurately  determined  by  estimat- 
ing the  ammonia  produced  on  hydrolysis  in  the  manner  described 
by  Hefelmann,  but  he  found  that  dilute  hydrochloric  acid,  as  sug- 
gested  by  Remsen  and  Burton,  was  a  more  satisfactory  and  cou- 
venient  hydrolysing  reagent  than  the  comparatively  strong  sulphuric 
acid  used  by  Hefelmann. 

I  hâve  recently  tested  Emmet  Reid's  process  in  the  analysis  of 
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a  number  of  commercial  saccharins,  salts  of  saccharin,  and  mix- 
tures containing  saccharin,  as  well  as  the  intermediate  products  and 
solutions  obtained  in  the  manufacture  of  saccharin.  My  experi- 
ments  show  that  the  process  is  reliable,  and  that  the  results  obtained 
are  not  likely  to  be  affected  by  any  of  the  by-products  présent  in 
commercial  saccharins,  or  by  the  minerai  salts  and  solutions  with 
which  such  saccharins  are  usually  mixed. 

The  process  is  carried  out  as  follows  :  0-5  to  1  gram  of  the 
saccharin  or  saccharin  mixture  is  weighed  into  a  glass  flask  of 
100 — 120  ce.  capacity,  and  50  ce.  of  approximately  normal  hydro- 
chloric  acid  are  added.  The  flask,  fitted  with  an  air-condenser,  is 
geutly  boiled  on  a  sand-bath,  or  over  a  small  bunsen  flame,  for  two 
and  a  half  hours,  the  ammonia  produced  being  subsequently  estimated 
by  the  ordinary  Kjeldahl  process,  when  the  number  of  ce  of  iV/10 
sulphuric  acid  neutralised  by  the  ammonia  multiplied  by  00183 
gives  the  weight  of  pure  saccharin  (o-ben^oic  sulphinide)  in  grams. 

The  following  are  examples  of  the  results  obtained  in  our 
experiments  :  — 


No.  of 
saniple. 


Sample. 


Weight 
taken. 


i\7io 
H2S04 

neutral- 
ised by 


Equi- 
valent 
weight 
of  sac- 
charin. 


Perceut- 
age. 


Pure  "  .saccharin. 


'  '  Pure  "  saccharin 

"Pure  "  .saccharin .. 

Commercial  saccharin  (60  per  ceut.) 


Anhydrous   sodium    salts    of    sac- 
charin (90  per  cent.  )  


"Sucramine"  (ammonium  sait)  ... 
Less  direct   


Gram. 
0-700 
0-700 
0-500 

0-500 
0-500 

0-500 
0-500 

0-500 
0-500 


0-500 
0-700 


Saccharin  tahlets  (A) 0-9522 

0-9422 


37 


170 
16-9 


24-4 

69-6 
34 -S* 

34-8 

19-8 
20-0 


Gram. 

0-6862 


6844 
4868 


49V» 
4959 


4410 
4428 


0-3111 
0-3093 


0-4465 


0-3624 
0-3660 


n 


89-3 


38 


1} 


Ammonia  derived  from  the  sait. 
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No.  of 
sainple. 


10 


Sample. 


Weight 
takeii. 


N/10 
H2SO, 
nuutral- 
ised  by 

am- 
monia. 


Saccharin  tablets  (B). 


Pure    "  para-saccharin  "    (jj-sulph- 
amidobenzoic  acid)  


Mixture  of  "pure  "  saccharin  from 

(1)  

and  pure  para-saccharin  from  (9)... 


Mixture  of  "pure"  saccharin  from 

(1) 

and  pure  para-saccharin  from  (9)... 


Pure  o-toluenesulphonamide. 
(made  in  laboratory)  .... 


Commercial  o-toluenesulphonamide 
(made  in  factory)    


Recovered    o-toluenesulphonamide 
(from  factory) 


Recovered    o-toIuenesulphonamide 
(from  factory) 


Recovered     o-toluenesulphonamide 
(frora  factory)   


Gram.    ;  ce. 

1-1250|  22-5 

1-1282  I  22-5 

0-700  nil 

0-700    !  0-1 

0-500    I  nil 


0-40' 
0-30 


0-70 


0-65t\ 
0-05   / 


0-700 
0-500 


1-000 
0-500 


0-500 


0-500 


34-9 


Equi- 
valent 
weight 
of  sac- 
charin. 


Gram. 
0-4118 
0-4118 


0-0018 


0-3880 


0-6386 


Percent- 
age. 


36-6  \ 
36-5  J 


0-2 


55-4 


91-2 


0-0037 


0-7 


*  0  -392  gram  pure  saccharin  présent. 
t  0  -637  gram  pure  saccharin  présent. 


Direct  Method. 

During  the  preceding  experiments,  it  was  observed  that  saccliarin 
liberated  iodine  from  a  solution  containing  potassium  iodide  aud 
iodate.  On  further  investigation,  it  was  found  that  this  reaction 
was  quantitative,  and  that  the  jj-sulphamidobenzoic  acid,  but  not 
the  sulphonamides,  also  acted  in  a  similar  way,  although  not  so 
readily. 

This  reaction  affords  an  easy  and  rapid  method  of  estimating 
the  total  percentage  of  saccharin  in  commercial  samples;  and,  in 
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combination  with  the  process  already  described,  it  enables  one  to 
estimate  separately  the  percentages  of  the  real  saccharin  (o-benzoic 
sulphinide)  of  the  para-compound  (2>sulphamidobenzoic  acid),  and 
indirectly  of  the  svilphonamides  or  other  non-acid  organic  com- 
pounds  which  may  be  présent  in  commercial  saccharin  or  mixtures 
containing  saccharin,  or  in  the  intermediate  products  and  residues 
obtained  during  the  manufacture  of  saccharin. 

The  process  is  carried  out  as  follows  : 

{a)  In  Commercial  Saccharins,  that  is,  powders  known  to  consist 
only  of  the  uncombined  ortho-saccharin,  with  or  without  admixture 
of  2?-sulphamidobenzoic  acid  and  traces  of  sulphonamides. 

The  powder  (0-5  to  1-0  gram)  is  weighed  into  a  ilask  of  150  to 
200  ce.  capacity,  having  a  well-fitting  ground-glass  stopper,  and  50 
to  75  ce.  of  recently  boiled  distilled  water  are  added.  Into  the 
mixture  a  crystal  or  two  of  potassium  iodide  are  dropped,  and  then 
10  ce.  of  a  5  per  cent,  solution  of  potassium  iodate,  and  the  whole 
shaken  gently.  The  pure  ortho-saccharin  dissolves  almost  imme- 
diately,  liberating  an  équivalent  quautity  of  iodine,  which  can  be 
titrated  with  N jlQ  sodium  thiosulphate  and  starch  in  the  usual 
way.  If  there  is  any  large  proportion  of  the  para-compound  pré- 
sent, the  powder  dissolves  much  more  slowly;  and  if  at  the  end  of 
five  minutes  any  undissolved  powder  still  remains,  before  titration, 
the  flask  is  vigorously  shaken  once  or  twice  during  15 — -20  minutes 
until  the  solution  of  the  saccharin  appears  to  be  complète. 

The  number  of  ce  of  iV/10  sodium  thiosulphate  required  mul- 
tiplied  by  00183  expresses  the  resuit  as  grams  of  real  saccharin; 
and,  where  it  is  évident  from  the  progi'ess  of  the  experiment  that 
the  admixture  of  the  para-compound  is  small,  the  quantity  so  found 
will  be  a  close  approximation  to  the  combined  weight  of  the  ortho- 
and  para-saccharins  présent  in  the  sample.  To  obtain  the  exact 
proportion  of  each  substance,  the  ammonia  produced  on  boiling 
with  dilute  hydrochloric  acid  must  also  be  determined  as  already 
described,  and  from  the  total  number  of  ce.  of  i\^/10  thiosulphate 
required  by  the  iodine  liberated  in  the  direct  titration  of  the 
powder,  the  number  of  ce.  of  iV^lO  acid  required  to  neutralise  the 
ammonia  produced  from  an  equal  weight  of  the  powder  is  sub- 
tracted.  The  différence  multiplied  by  0-0201  will  give  the  weight 
in  grams  of  the  2>sulphamidobenzoic  acid  in  the  sample.  Thus 
a  sample  of  "  pure  "  saccharin  and  three  samples  of  "  commercial  " 
saccharin  gave  the  following  results  : 
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1. 

2. 

3. 

4. 

5. 

Percentage. 

r^ 

11^ 

il 

M 

Il 

1«s 

l-ii 

|3 

il. 

*© 

•-^'^ 

^-d  ^ 

g    • 

"^.ss 

^gS 

-g 

S    cS 

C 

ln| 

«.ë.2 

S  2i 

il? 

SoX 

^"^^w 

^ 

II 

-5 

g  50 

^S 

&fâ 

tri 

Se-- 

r^s 

^»iT 

.^ 

^ÛZL 

Gram 

ce. 

ce. 

ce. 

Gram 

Gram 

0-500 

27-0 

26-8 

0-2 

0-4904 

0  0040 

98-08 

0-80 

98-88 

98-82 

0-500 

25-7 

24-0 

1-7 

0-4392 

0-0342 

87-84 

6-84 

94-68 

94-06 

0-500 

26-5 

24-0 

2-5 

0-4392 

0-0502 

87-84 

10-04 

97-88 

96-99 

0-500 

26-0 

24-1 

1. 

0-4410 

0-0382 

88-20 

7-64 

95-84 

95-16 

It  will  be  observed  that  the  percentage  of  "  commercial  sac- 
charin  " — that  is,  of  the  mixture  of  o-benzoic  sulphinide  and 
p-sulphamidobenzoic  acid — calculated  from  the  iodine  directly 
liberated  does  not  differ  very  much  fi-om  the  total  percentage  of  the 
two  compounds  actually  présent,  being  less  than  1  per  cent,  too  low 
even  when  the  para-compovmd  is  présent  to  the  extent  of  10  per 
cent,  in  the  mixture. 

(b)  Where  the  sample  is  mixed  with  sodium  carbonate  or  other 
alkali  carbonates,  or  where  it  is  in  the  form  of  the  ammonium  or 
sodium  sait  of  saccharin. 

In  this  case,  0-5  to  10  gram  of  the  powdered  sample  is  weighed 
in  a  platinum  capsule  and  covered  with  about  5  ce.  of  pvire  con- 
centrated  hydrochloric  acid.  The  capsule  is  heated  on  the  steam- 
bath  until  the  excess  of  acid  has  been  completely  driven  off,  and 
then  dried  for  about  two  hours  in  the  oven. 

The  residue  is  washed  into  a  flask,  mixed  with  potassium  iodide 
and  iodate,  and  titrated  as  before.  When  treated  in  this  way,  the 
results  tabulated  on  p.  248  were  obtained. 

On  heating  with  the  concentrated  hydrochloric  acid,  the  ortho- 
saccharin  is  slightly  changed  to  the  acid  ammonium  sait  of  sulplio- 
benzoic  acid,  but  this  does  not  affect  the  results,  a.s  this  sait  itself 
libérâtes  an  équivalent  quantity  of  iodine. 

When  the  saccharin  is  in  solution,  a  quantity,  équivalent  to 
between  0-5  and  10  gram,  can  be  weighed  into  a  platinum  capsule 
and  evaporated  with  an  excess  of  pure  hydrochloric  acid,  or  the 
saccharin,  &c.,  may  be  first  extracted  with  ether  or  other  solvent 
.  and  the  residues  treated  as  before. 

It  is  often  more  convenient,  however,  to  hydrolyse  the  saccharin 
by  Emmet  Reid's  process;  and  then,  before  distilling  off  the  am- 
monia,  to  concentrate  and  cool  the  acid  solution  in   an   ice-bath. 
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Sample. 

1. 

2. 

3. 

4. 

5. 

6. 

Weight  of 

=2^- 

^ 

œ-è 

^   o 

~ — 

Kind. 

<  a 

g 

II 

a 

~  o 

o  o 

o    , 

II 

^  5 

.S 

1 

"3  '^ 

1 
g 

■^ 
^ 

2  S 

5b 

r 

IIS 

|2 

à, 

1 

Grams 

ce. 

ce. 

G  mis 

Gram 

Gram 

Gram 

TabletsA    

0-950 

32-9 

20-0 

12-9 

0-3660 

0-2593 

0  6253* 

.38-52 

27-30 

65-82 

TabletsB    

1-125 

36-6 

22-5 

14-1 

0-4118    0-2834 

0-6952* 

36-60 

25-19 

61-79 

Saccharin     sod- 

ium    sait     (80 

per  cent.) 

1-000 

44-9 

42-4 

2-5 

0-7759  1  0-0502 

0-8261 

77-59 

5-02 

82-61 

"Sucramine" 

ammonium 

sait     

1-000 

49-8 

497 

0-1 

0-9095    0-0020 

0-9115 

90-95 

0-20 

91-15 

*  The   tablets  consist  of  a  mixture  of   sodium  hydrogen  carbonate  witb   com- 
mercial saccharin  (60  parts  ortho-  and  40  parts  para-saccharin). 


From  the  well-cooled  solution,  the  para-compound,  together  with  any 
sulphonamides,  &c.,  can  be  easily  extracted  on  shaking  up  two  or 
tliree  times  with  about  an  equal  volume  of  ether.  The  ether  is 
evaporated  off  and  the  residue  -weighed  in  a  tared  flask.  To  this 
residue  is  then  added  potassium  iodide  and  iodate,  and  the  liberated 
iodine  titrated  and  calculated  as  p-sulphamidobenzoic  acid.  The 
différence  between  the  total  weight  of  the  ether  residue  and  that  of 
the  para-^compound,  as  thus  determined,  represents  the  unaltered 
sulphonamides,  &c.  The  détails  of  the  process  may  be  modified  in 
varions  ways  to  suit  the  necessities  of  the  case  in  the  particular 
sample  under  examination,  and  the  extent  of  the  information  re- 
quired  from  the  analysis.  Where  small  percentages  of  saccharin  are 
présent,  or  only  small  quantities  of  the  samples  are  available,  more 
dilute  standard  solutions — iV/20  or  N /50  instead  of  i\710 — can  be 
employed.  It  is  always  necessary  to  détermine  by  blank  experi- 
ments  that  the  reagents  and  solutions  used  are  free  from  ammonia, 
and  that  the  samples  contain  no  ammonium  sait;  and  when  dilute 
solutions  are  employed,  care  must  be  taken  to  avoid  the  access  of 
extraneous  ammonia. 
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communication  the  results  of  analyses  made  in  this  laboratory. 
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XXX. — The  Relation  hetween  Natural  and  Synthetical 
Glycerylphosphoric  Acids. 

By  Frederick  Belding  Power  and  Frank  Tutin. 

The  fact  that  glycerylphosphoric  acid  is  a  constituent  of  the  molecular 
complex  known  as  lecithin  lias  led  to  the  médicinal  use  of  a  number 
of  salts  of  this  acid  and  to  their  chemical  study. 

The  first  to  prépare  glycerylphosphoric  acid  synthetically  was 
Pelouze  {Compt.  rend.,  1845,  21,  718,  and  J.  x>r.  Chem.,  1845,  36, 
257),  who  obtained  it  by  the  action  of  phosphoric  oxide  or  of  meta- 
phosphoric  acid  on  glycerol.  The  analyses  recorded  by  Pelouze  of  its 
calcium,  barium,  and  lead  salts  indicate  that  under  the  conditions 
employed  by  him  a  monoglyceryl  ester,  C3Hg(OH)2"0*PO(OH)2, 
was  obtained,  and  his  purpose  in  preparing  this  was  to  confirm  the 
correctness  of  the  formula  previously  assigned  to  glycerol.  At  about 
the  same  time,  Gobley  had  obtained  glycerylphosphoric  acid  from  the 
yolk  of  egg,  and  it  was  stated  by  Pelouze  (loc.  cit.),  solely  from 
analytical  comparisons,  that  not  the  slightest  doubt  could  be  entertained 
respecting  the  absolute  identity  of  the  glycerylphosphoric  acid  from 
this  source  with  that  obtained  by  the  action  of  phosphoric  acid  on 
glycerol. 

"By  the  interaction  of  glycerol  and  phosphoric  acid,  there  is  the  possi- 
bility  that  several  esters  may  be  formed,  and  the  product  would 
therefore  contain  one  or  more  of  thèse,  according  to  the  relative  pro- 
portions of  the  interacting  substances  and  to  the  varying  conditions 
of  time,  température,  and  pressure  to  which  the  mixture  is  subjected. 
The  only  known  products  of  this  action,  however,  appear  to  be  (1) 
the  mono-ester,  glycerylphosphoric  acid,  C.^H5(OH)2-0-PO(OH)2  ;  (2) 

the  so-called   di-ester,    C3H5(OH)<^>PO-OH,  and  (3)  the  tri-ester  or 

glyceryl  phosphate,  CgHgiPO^. 

The  conditions  under  which  thèse  three  esters  respectively  are 
formed,  and  the  relative  proportions  in  which  they  are  contaiued  in 
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the  product  of  the  reaction,  hâve  been  determined  by  Carré  (Compt. 
rend.,  1903,  137,  1070).  He  bas  also  sbown  tbat  by  the  method 
usually  employed  for  the  préparation  of  glycerylphosphoric  acid  it  is 
associated  with   some   of  the  above-mentioned  di-ester,  to  which  the 

/  I     ^ 

constitution   PO^OH    CH-OH  bas  been  assigned,  and  not  with  the 

^0— CH2 

diglycerylphosphoric     acid,     [C^Tlr^iOliypy.FO-Olî,     as     had     been 

assumed  by  Adrian  and  Trillat  '{J.  Fharm.,  1898,  7,  226). 

The  discrepancies  of  statement  respecting  the  composition  and 
chavacters  of  the  salts  of  glycerylphosphoric  acid  (compare  Portes 
and  Prunier,  J.  Pharin.,  1894,  29,  393,  and  Petit  and  Polonowsky, 
ibid.,  1894,  30,  193)  are  evidently  due,  as  suggested  by  Carré  {loc. 
cit.),  to  their  contamination  with  the  salts  of  the  di-ester.  It  was 
tberefore  deemed  of  interest  to  ascertain  the  characters  of  the  above- 
mentioned  salts  when  prepared  under  such  conditions  as  are  known 
to  exclude  the  formation  of  the  di-ester. 

In  the  course  of  our  work,  a  paper  bas  appeared  by  Willstâtter  and 
Liidecke  {Ber.,  1904,  37,  3753)  on  the  svibject  of  lecithin,  in  which 
the  relation  between  the  glycerylphosphoric  acid  obtained  from  the 
latter  and  tbat  pi'epared  synthetically  is  considered.  They  claim  to 
bave  found  essential  différences  between  the  barium  and  calcium  salts 
of  thèse  two  acids,  not  only  with  respect  to  solubility,  but  especially 
in  the  composition  of  the  préparations  when  dried  by  beat.  Although 
the  salts  of  the  natural  acid  are  l?evorotatory,  from  which  they  infer 

ÇH2-0-P03H2 
tbat  this  must  bave  the  unsymmetrical  formula  ÇH'OH  ,   they 

CHg-OH 
think  there  is  very  little  probability  that  the  différences  are  simply 
those  which  usually  exist  between  optically  active  compounds  and  the 
corresponding  racemic  ones,  especially  in  considération  of  the  fact 
that  the  salts  of  the  glycerylphosphoric  acid  obtained  from  lecithin, 
which  served  for  the  purpose  of  comparison,  did  not  possess  their  f ull 
degree  of  optical  activity,  but  in  the  course  of  préparation  had  become 
partially  racemised.  As  an  example  of  thèse  différences,  they  note 
that  the  calcium  sait  of  the  partially  racemised  natural  acid,  dried  at 
130°,  is  anhydrous,  whilst  that  of  the  synthetical  acid  prepared  by 
them,  on  account  of  containing  more  than  2  per  cent,  less  of  calcium, 
appears  to  retain  at  that  température  1|  molécules  of  water.  From 
thèse  considérations,  they  were  led  to  the  conclusion  that  the  glyceryl- 
phosphoric acid  of  Pelouze  is  différent  from  that  obtained  from 
lecithin,  although  the  question  as  to  the  cause  of  this  différence  and 
that  of  the  constitution  of  the  synthetical  acid  was  left  undecided. 
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In  OUI'  investigation,  it  itJ  shown  that  the  above  conclusion  of 
Willstàitter  and  Liidecke  is  invalid,  as  it  is  évident  that  the  condi- 
tions  under  which  they  prepared  their  synthetical  glycerylphosphoric 
acid  were  such    as   are  now  known  to    afford   some   of   the  di-ester, 

"C3H5(OH)<^>PO'OH  (compare    Carré,    loc.    cit.).     The    différences 

observed  by  them  in  the  percentages  of  métal  contained  in  the  salts 
of  the  natural  acid  and  in  those  of  their  synthetical  acid  do  not, 
therefore,  justify  their  assumption  that  the  latter  retained  water  when 
heated  to  the  specified  temperatux'es. 

Furthermore,  the  observation  of  Willstâtter  and  Liidecke  that  the 
glycerylphosphoric  acid  from  lecithin  possessed  optical  activity, 
although  certainly  proving  the  présence  of  the  unsymmetrical  acid 
in  the  préparation,  does  not  necessarily  exclude  the  possibility  that 
some  of  the  symmetrical  acid  was  also  présent.  Inasmuch  as  the 
natural  acid  has  in  no  instance  been  prepared  from  a  lecithin  which  was 
known  to  be  a  pure  substance  (compare  Bergell,  Ber.,  1900,  33,  2584), 
no  proof  can  as  yet  be  adduced  that  it  is  not  a  mixture  of  the  unsym- 
metrical and  the  symmetrical  isomerides.  The  same  possibility 
naturally  exists  with  respect  to  the  homogeneity  of  the  synthetical 
acid,  which,  however,  doubtless  consists  chiefly  of  the  unsymmetrical 
isomeride. 

We  shall  endeavour  to  prépare  both  thèse  isomerides  in  order  to 
compare  them,  on  the  one  hand  with  the  completely  racemised  natural 
acid,  and  on  the  other  hand  with  the  acid  obtained  by  the  interaction 
of  phosphoric  acid  and  glycerol. 

Expérimental. 

In  order  to  détermine  and  compare  the  characters  of  some  of  the 
salts  of  glycerylphosphoric  acid,  when  prepared  by  definite  methods, 
the  following  experiments  were  conducted. 

I.  Twenty-five  grams  of  glycerol  and  30  grams  of  phosphoric  acid 
(sp.gr.  1-70)  were  mixed,  and  heated  togetherfor24:hours(inthreeperiods 
of  8  hours  each),  in  an  oil-bath  at  105 — 110°.  The  mixture  was  then 
added  to  an  excess  of  milk  of  lime,  the  liquid  filtered  when  cold,  and 
the  precipitate  thoroughly  washed  with  water.  The  combined  filtrate 
and  washings,  after  being  deprived  of  the  excess  of  lime  by  means  of 
Carbon  dioxide,  were  divided  into  two  portions,  (a)  and  (5),  which  were 
evaporated  to  a  small  bulk,  when  some  of  the  sait  separated. 

(a)  In  one  case,  the  calcium  sait  which  had  separated  from  the  hot 
liquid  was  collected,  and  washed  with  a  little  hot  water. 
1-10.31  of  the  sait,  dried  at  125^,.gave  0-2940  CaO.     Ca=  19-04  percent. 

(6)  In  the  other  case,  the  calcium  sait   was  completely  precipitated, 
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by   the   addition    of  alcohol.       This  was  collected  and  washed  witli 
alcohol. 

1-0100  of  the  sait,  dried  at  125°,  gave  0-2695  CaO.     Ca  =  19-06. 
CgH^Oi-PCa  requires  Ca  =  19-04  par  cent. 

II.  A  mixture  of  glycerol  and  phosplioric  acid,  in  the  above- 
mentioned  proportions,  was  heated  for  the  same  length  of  time  as  in 
I,  but  at  120 — 125°.  The  calcium  sait  was  obtained  by  complète 
précipitation  with  alcohol. 

1-0245  of  the  sait,  dried  at  125°,  gave  0-2464  CaO.     Ca  =  17-2  percent. 

III.  A  mixture  of  glycerol  and  phosphoric  acid  was  heated  in  the 
same  proportions  and  for  the  same  length  of  time  as  in  the  preceding 
experiments,  but  at  135°.  The  calcium  sait  was  obtained  by  complète 
précipitation  with  alcohol. 

1-0512  of  the  sait,  dried  at  125°,  gave  0-2466  CaO.     Ca  =  16-7  per  cent. 

It  is  évident  from  the  above  results  that  when  glycerylphosphoric 
acid  is  prepared  at  températures  above  110°  it  is  associated  with 
varying  amounts  of  the  di-ester,  the  calcium  sait  of  which  requires 
Ca=  11-56  per  cent. 

Having  confirmed  the  conditions,  ascertained  by  Carré  {loc.  cit.), 
under  which  only  the  mono-ester  (I)  is  formed,  a  considérable  quantity 
of  it  was  prepared  for  the  purpose  of  examining  some  of  its  salts 
more  completely. 

/0-C3H,(0H), 

Calcium  Glycerylphosjihate,  0  =  P^Ov.p, 

\Q>>L/a 

This  sait  forms  tufts  of  crystalline  leaflets  when  its  cold,  saturated 
solution  is  heated  on  a  water-bath  ;  it  is  soluble  at  16°  in  22*4  parts, 
at  25°  in  25-2  parts,  and  at  100°  in  108-6  parts  of  water;  it  is 
insoluble  in  alcohol. 

0-5696,  "previously  dried  in  a  vacuum,  lost  on  heating  at  125° 
0  0044  or  0  77  per  cent.  This  sait  was  therefore  practically  anhydrous, 
since  half  a  molécule  of  water  would  require  a  loss  of  4-1  per  cent. 

0-565-2,  dried  at  125°  gave  0-1523  CaO.     Ca=  19-25. 
CglIyOgPCa  requires  Ca  =  19-04  per  cent. 
0-6954,  dried  at  125°,  gave  after  ignition,  solution  in  nitricacid,  and 
précipitation  by  ammonium  molybdate,  0-3649  Mg^P^O-..     P=  14-75. 
CgH^OgPCa  requires  P=  14-76  per  cent. 

For  further  confirmation  of  the  composition  of  this  sait,  its  combus- 
tion with  both  copper  oxide  and  lead  chromate  was  attempted,  but 
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owing  to  the  difficulty  of  completely   burning  away   the   carbon,  only 
the  hydrogen  was  estimated. 

0-3651,  dried  at  125^  gave  0-1129  HoO.     H  =  3-43. 
0-3907,        „         „        „     01191  H2O.     H  =  3-38. 
CgHyOgPCa  requires  H  =  3-33  per  cent. 

yO'C,-H,{Oïl), 
Strontium  GlyceryljyliosjjJiate,  O  =  P— 0\  ^^  ^ 

This  sait,  like  that  of  calcium,  is  more  sparingly  soluble  iii  hot 
than  in  cold  water.  On  heatiug  a  cold,  saturated  solution  of  it  on  a 
water-bath,  it  separated  as  a  white,  granular  powder. 

0'4957,  previously  dried  in  a  vacuum,  lost,  on  heating  at  125°,  0'0074 
or  1-49  per  cent.  Half  a  molécule  of  water  would  require  a  loss  of 
3-37  per  cent. 

0-4883,  dried  at  125°,  gave  0-3451  SrSO^.     Sr  =  33-7. 
C3HvOgPSr  requires  Sr=  34-0  per  cent. 

/0-C3H5(OH), 
\Q>Ba 

This  is  similar  in  its  properties  to  the  strontium  sait. 

0-4550,  previously  dried  in  a  vacuum,  lost,  on  heating  at  125°, 
00041  or  0-90  per  cent.  Half  a  molécule  of  water  would  require  a 
loss  of  2-84  per  cent. 

0-4401,  dried  at  125°,  gave  0-3301  BaSO^.     Ba  =  44-1. 
CgH^OgPBa  requires  Ba  =  44-7  per  cent. 

The  foUowing  salts  were  ail  prepared  from  a  solution  of  the  pure 
barium  sait  by  exact  précipitation  with  a  solution  of  the  sulphate  of 
the  respective  métal,  filtering,  and  concentrating  the  filtrate. 

/0-C3H,(0H), 
Lithium  Glycerylphosphate,  O  =  P^OLi 

\OLi 

"This  sait  is  very  readily  soluble  in  cold,  but  only  moderately  so  in 
hot  water.  On  warming  its  cold,  saturated  solution,  it  is  deposited  in 
tufts  of  small  leaflets. 

0-2934  of  the  air-dried  sait,  heated  at  125°,  lost  0-0204  or  6-9  per  cent. 

This  represents  between  one-half  and  one  molécule  of  water,  whicli 
would  require  respectively  a  loss  of  4-6  and  8-9  per  cent. 

VOL.   LXXXVII.  T 
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0-3842  of  the  anhydrous   sait  gave,   on   ignition,   0"2101    Li^PgO^. 
Li4P20K  =  54-6. 

CgH^OgPLig  requires  Li^P20.j,  =  54-9  per  cent. 
0'2703   of  the  anhydrous  sait  gave,  after  ignition   and  solution  in 
water,  0-1634  Mg.PgO..     P  =  16-8. 

CgH^OgPLio  requires  P=  16-7  per  cent. 

The  sodium  sait  was  first  obtained  as  a  syrup,  but  on  remaining 
for  several  weeks  in  a  vacuum  over  sulphuric  acid,  glistening  leaflets 
slowly  formed,  The  analysis  of  this  sait  indicated  that  it  was  not 
perfectly  pure,  and  the  amount  was  too  small  to  admit  of  its  recrys- 
tallisation. 

The  ^w^assmjji  sait  was  only  obtained  in  the  form  of  an  uncrystal- 
lisable  syrup. 

The  ammonium  sait,  on  ccncentrating  its  solution,  likewise  formed 
a  syrup,  and,  when  this  was  allowed  to  remain  in  a  vacuum  over 
sulphuric  acid,  it  gradually  dissociated,  with  the  loss  of  ammonia. 

^0-C3H,(OH)2,3H,0 

Manganèse  Glyceryljyhosphate,  0  =  P^O,^,;p 

\QP»iun 

This  sait  is  moderately  soluble  in  cold,  but  very  sparingly  so  in  hot 
water.  On  warming  its  cold  solution,  it  séparâtes  in  tufts  of  small, 
well-defined  needles  of  a  light  pink  colour. 

0-4617    of   the   air-dried    sait,  heated   at    125°,  lost   0-0873    HgO. 
H20=18-9. 

C.;H706PMn,3H20  requires  H^-  19-3  per  cent. 
0-3744  of  the  anhydrous  sait  gave  0-1255  MngO^.     Mn  =  24-1. 
CgH^OgPMn  requires  Mn  =  24-4  per  cent. 

/0-C3H5(OH)2,iH20  I 

Zinc  Glycerylphosphate,  0  =  P^O..,^n, 

This  sait,  unlike  most  of  the  other  salts  of  glycerylphosphoric  acid, 
is  more  readily  soluble  in  hot  than  in  cold  water.  It  also  crystallised 
with  greater  facility  than  any  of  the  preceding  salts,  and  on  cooling 
its  hot  concentrated  solution  separated  as  a  mass  of  colourless,  glisten- 
ing plates.  On  heating  at  125°,  it  underwent  some  change,  apparently 
becoming  converted  into  a  basic  sait,  which  was  insoluble  in  water. 

0-3769  of  the  air-dried  sait  gave  0-1221  ZnO.     Zn  =  26-0. 
C3H^OgPZn,lH20  requires  Zn  =  26-7  per  cent. 
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Examination  of  the  Salts  of  GlycerylphosiTih.oric  Acid  jwepared  hy 
Willstàtter  and  Liideckè's  Method. 

In  order  to  test  the  validity  of  the  conclusions  of  Willstàtter  and 
Liidecke  {Ber.,  1904,  37,  3753)  respecting  the  différence  which  they 
supposed  to  exist  between  the  natural  and  synthetical  glycerylphos- 
phoric  acids,  we  hâve  also  prepared  some  of  the  barium  and  calcium 
salts  of  the  latter  acid  exactly  in  accordance  with  the  method  adopted 
by  them.  From  the  results  of  our  initial  experiments  (II  and  III),  it 
was  to  be  expected  that  the  salts  obtained  by  the  method  of  the 
above-mentioned  investigators  would  not  consist  wholly  of  those  of 
the  mono-ester,  but  would  contain  varying  amounts  of  the  cori-espond- 
ing  salts  of  the  di-ester,  a  fact  which  they  appear  to  hâve  completely 
overlooked,  and  which  is  rendered  évident  by  a  considération  of  the 
analytical  data. 

Molecular  proportions  of  crystallised  phosphoric  acid  and  pure  dry 
glycerol  (532  grams  of  the  former  and  50  grams  of  the  latter)  were 
heated  together  in  an  oil-bath  at  135 — 140°  under  15  mm.  pressure, 
and  the  water  eliminated  by  the  reaction  absorbed  by  strong  sulphuric 
acid  contained  in  a  fiask  adapted  to  the  apparatus.  After  6  hours, 
acrolein  was  given  off,  and  the  heating  was  then  discontinued.  The 
mixture  was  poured  into  an  excess  of  baryta  solution,  and,  when  cold, 
the  liquid  was  filtered,  and  the  precipitate  thoroughly  washed  with 
water.  The  combined  filtrate  and  washings,  after  being  freed  from 
baryta  by  carbon  dioxide,  was  again  filtered,  and  concentrated  on  a 
water-bath  to  a  small  bulk.  The  sait  was  then  completely  precipi- 
tated  by  the  addition  of  alcohol,  collected  ou  a  filter,  washed  with 
alcohol,  and  dried  in  the  air. 

Barium  Sait. — A  portion  of  this  sait  was  dissolved  in  water,  the 
solution  filtered,  concentrated,  precipitated  by  alcohol,  and  thèse 
opérations  repeated  five  times  consecutively.  This  product  was  then 
dissolved  in  water  and  the  sait  which  separated  by  heating  the  solu- 
tion on  a  water-bath  was  collected  and  analysed. 

0-4322,  dried  at  105°  until  of  constant  weight,  gave  0-3176  BaSO^. 
Ba  =  43-2  per  cent. 

Another  portion  of  the  barium  sait  was  precipitated  from  its  aqueous 
solution  six  times  successively  by  alcohol,  and  was  then  analysed  with- 
out  subséquent  treatment  with  water. 

0-3040,  dried  at  105°  until  of  constant  weight,  gave  0-2139  BaSO^. 
Ba  =  41"4  per  cent. 

As  a  barium  sait  of  the  mono-ester  requires  Ba  =  44'6per  cent., 
Willst^.tter  and  Liidecke  (Joe.  cit.),  having  found  a  somewhat  lower 

ï  2 
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percentage  of  barium,  calculate  their  results  for  a  sait  having  the 
composition  CgH^OgPBajHgO,  but  without  any  direct  évidence  that  it 
contained  a  molécule  of  water.  They  also  consider  it  remarkable  that 
the  sait  precipitated  by  alcohol  contains  relatively  less  barium  than 
that  obtained  by  heating  the  aqueous  solution.  As  we  hâve  previously 
shown,  however,  the  lower  percentage  of  barium  in  thèse  salts  is  not 
due  in  either  case  to  the  présence  of  water,  but  to  a  sait  of  the  di-ester, 
and  this  is  in  relatively  greater  proportion  when  the  sait  is 
precipitated  by  alcohol  than  when  separated  by  heating  the  aqueous 
solution. 

Calcium  Sali. — This  was  prepared  from  the  original  barium  sait, 
obtained  by  the  above-described  method,  by  shaking  its  solution  with 
freshly  precipitated  calcium  sulphate  until  the  liquid  no  longer  gave  a 
reaction  for  barium.  The  filtered  liquid  was  then  concentrated  on  a 
water-bath,  and  the  sait  which  separated  from  the  hot  solution  was 
collected.  It  was  first  dried  in  a  vacuum  over  sulphuric  acid  until  of 
constant  weight,  and  then  analysed. 

0-6435,  heated  at  125—130°,  lost  0-0262  HoO.     H2O  =  4-07. 
0-6191,         „         125— 130°,  gave  0-1447  CaO.    Ca  =  16-69  per  cent. 

Willstatter  and  Liidecke,  in  interpreting  the  results  of  their 
analysis  of  this  sait,  state  that  the  loss  of  weight  on  heating  at 
125 — 130°  appears  to  correspond  to  |  molécule  of  water,  and  that 
when  heated  at  this  température  it  contains  an  amount  of  calcium 
(16-69  per  cent.)  agreeing  best  with  the  formula  C3H70gPCa,HH20, 
which  requires  Ca=  16-87  per  cent. 

It  should  be  considered,  however,  that  as  anhydrous  calcium 
glycerylphosphate  contains  19-04  per  cent,  and  the  corresponding 
sait  of  the  di-ester  11-56  per  cent,  of  calcium,  a  mixture  of  thèse  two 
salts  in  the  proportion  of  69  per  cent,  of  the  former  and  31  per  cent, 
of  the  latter  would  contain  16-72  per  cent,  of  calcium,  or  almost 
precisely  the  amount  that  was  found  in  the  sait  assumed  to  contain  1^ 
molécules  of  water.  It  bas  been  found  possible  to  décide  which  of 
thèse  conditions  obtains  by  estimating  the  total  amount  of  hydrogen 
in  the  sait.  This  was  accomplished  by  its  combustion  with  copper 
oxide,  as  indicated  in  the  case  of  the  previously  described  calcium 
sait. 

0-3715,  previously  heated  at  125— 130°,  gave  0-1121  HgO.    H  =  3-35. 
0-3742,  „  „  „  „     0-1167H.p.    H  =  3-46. 

per  cent. 

A  mixture,  in  the  above-mentioned  proportion?,  of  the  calcium  salts 
of  the  two  esters  requires  H  =  3-37  per  cent.,  whereas  a  sait  of  the 
mono-ester  with  1|  molécules  of  water  requires  H  =  4-22  per  cent. 
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It  is  évident,  therefore,  that  the  sait  obtained  under  tlie  conditions 
employed  by  Willstatter  and  Llidecke  was  a  mixture  of  the  calcium 
salts  of  the  mono-  and  di-esters,  and  net  the  hydrated  sait  of  the 
mono-ester,  as  they  hâve  assumed.  This  conclusion  is,  furthermore, 
supported  by  the  results  obtained  by  Carré  (loc.  cit.)  in  his  investiga- 
tion of  the  products  of  the  interaction  of  glycerol  and  phosphoric 
acid  under  varying  conditions  of  température  and  pressure. 

Moreover,  it  has  been  shown  that  it  is  possible  under  certain 
conditions  to  obtain  a  synthetical  glycerylphosphoric  acid,  the  salts  of 
which  agrée  with  those  of  a  mono-ester,  and,  on  comparing  the  barium 
and  calcium  salts  of  this  synthetical  acid  with  those  prepared  by 
Willstatter  and  LUdecke  from  the  glycerylphosphoric  acid  from 
lecithin,  the  only  apparent  différence  in  composition  is  in  the  amount 
of  water  retained  by  the  calcium  sait  after  drying  in  a  vacuum. 

The  Wellcome  Chemical  Rese.\rch  Laboratories, 
london,  e.c. 


XXXI.— T'/ie  Formation  of  Magnesia  from  Magnésium 
Carhonate  hy  Heat,  and  the  Effect  of  Tempéra- 
ture on  the  Properties  of  the  Product. 
By  William  Carrick  Anderson. 

Magnésium  oxide  prepared  by  différent  methods  is  known  to  be 
subject  to  wide  variations  in  properties.  That  obtained  by  gentle 
heating  of  the  native  carbonate  reacts  quickly  with  water,  and,  when 
in  présence  of  a  limited  amount  of  water,  "  sets  "  to  a  firm  mass. 
The  product  obtained  by  heating  similarly  the  artifîcial  carbonates 
does  not  "  set,"  although  it  also  appears  to  slake  rapidly  with  water, 
but  if  thèse  carbonates  be  treated  with  nitric  acid  and  the  resulting 
nitrate  ignited  gently,  the  oxide  left  will  "  set  "  similarly  to  that 
obtained  from  the  native  carbonate  by  heat.  Again,  when  magnesite 
is  heated  not  to  a  moderato  température,  but  to  a  white  heat,  the 
residue  remains  practically  unacted  on  by  water  even  after  the  lapse 
of  a  considérable  time.  The  spécifie  gravities  of  the  oxides  obtained 
by  thèse  methods  are  also  différent,  as  can  be  appreciated  by  a  glauce 
at  the  relative  bulks  they  occupy. 

In  the  following  investigation,  an  endeavour  was  made  to  ascertain 
(1)  the  température  at  which  the  carbonates  of  magnésium  are  fully 
decomposed  into  oxide  in  theopen  air  ;  (2)  the  effect  produced  on  some 
selected  property  of  the  oxide  by  maintaining  it  at  a  detinite  tempera- 
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ture  for  a  known  periocl  after  its  formation  ;  and  (3)  whether  the 
resulting  changes  took  place  gradually  or  per  scdtum  as  the  limit  of 
température  was  raised. 

Theproperty  selected  for  examination  in  (2)  and  (3)  was  the  relative 
solubility  in  water  or  the  amount  of  magnesia  dissolved  in  2  hours  by 
200  ce.  of  distilled  water  at  20°  from  a  large  excess  of  the  oxide. 
Approximately  the  same  amount  of  magnesia  by  weight  was  used 
in  each  experiment. 

Regarding  the  actual  solubility  of  magnesia  in  water,  very  little 
information  is  to  be  found  in  the  literature,  and  for  the  purpose  of 
this  investigation  it  was  not  considered  essential  to  fix  this  exactly. 
The  researches  bearing  on  the  point  are  for  the  most  part  of  earlier 
date,  and  even  in  the  later  ones  there  is  usually  no  description  of  the 
preliminary  treatment  to  which  the  oxide  has  been  exposed.  Fyfe 
{Edinburgh  Phil.  J.,  1821,  6,  305)  quotes  Henry  to  the  effect  that 
water  does  not  dissolve  more  than  l/2000th  part  of  its  weight  of 
magnesia  (say  500  milligrams  per  litre),  while  Kirwan  gives 
its  solubility  as  1  in  7900  parts  of  water  (126-6  milligrams  per 
litre).  Dalton's  number,  quoted  by  the  same  authority,  is  1  part  in 
16,000  at  the  ordinary  température,  or  62-5  milligrams  per  litre. 
Fresenius  {Annalen,  1846,  59,  117)  states  that  1  part  of  magnesia 
dissolves  in  55,368  parts  of  cold  or  hot  water,  this  being  équi- 
valent to  18-06  milligrams  per  litre;  Bunsen  gives  1  part  in 
100,000—200,000,  and  Bineau  {Compt.  rend.,  1855,  41,  510)  1  part 
in  50,000—100,000.  Fyfe  {loc.  cit.)  states  that  he  obtained  the 
magnesia  used  in  his  experiments  on  solubility  by  precipitating  the 
sulphate  by  an  alkaline  basic  carbonate,  washing  the  precipitate  until 
the  filtrate  gave  no  reaction  with  barium  nitrate,  and  finally  ex- 
posing  the  residue  to  a  red  beat  until  ail  the  carbon  dioxide  was 
expelled.  He  estimated  the  dissolved  magnesia  by  précipitation  with 
ammonium  carbonate  and  sodium  phosphate,  and  thus  found  that 
1  part  of  magnesia  dis^olved  in  5142  parts  of  water  at  the  ordinary 
température  (194-5  milligrams  per  litre).  At  the  boiling  point,  the 
solubility  was  found  to  be  1  part  in  36,000  of  water.  A  détermina- 
tion has  been  made  more  recently  by  Kohlrausch  and  Rose  (Zeit. 
physikcd.  Chem.,  1893,  12,  241),  who  calculate  from  the  electrical 
conductivity  of  the  solution  that  1  litre  of  water  dissolves  9  milligrams 
of  Mg(0H)2  (6-2  milligrams  of  the  oxide  per  litre). 

Expérimental. 

The  samples  of  magnesia  employed  in  the  experiments  described 
below  were  prepared  by  heating  the  carbonates  in  a  Heraeus  electric 
resistance-furnace  of  the  horizontal   type.     The   tube   of  the   furnace 
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was  closed  at  either  end  by  a  tliick  sheet  of  asbestos,  and  the  tempéra- 
ture record  was  obtained  by  means  of  a  platinum- rhodium  thermo- 
couple connected  to  a  Siemens  and  Halske  galvanometer.  The  instru- 
ment was  standardised  at  the  Physikalisch-technische  Keichsanstalt, 
Berlin.  The  forms  of  carbonate  used  were  a  very  pure  magnesite 
from  Eubœa,  which,  however,  could  not  be  obtained  entirely  free 
from  calcium,  and  the  purest  artificial  préparations  sold  by  Merck  as 
"  heavy,"  "  light,"  and  "  crystal  "  magnésium  carbonates,  and  were 
found  to  contain  only  small  traces  of  alkali  carbonate.  Thèse  sub- 
stances were  ail  finely  ground  and  heated  in  an  open  platinum  boat  or 
capsule,  1  gram  being  used  in  each  experiment. 

Décomposition  of  Magnésium  Carbonate  hy  Heat. — Experiments 
were  first  made  in  order  to  ascertain  the  lowest  température  at  which 
the  évolution  of  carbon  dioxide  from  thèse  carbonates  could  be  recog- 
nised  when  they  were  heated  under  atmospheric  pressure.  A  very 
slow  current  of  air  was  passed  over  the  heated  sample,  and  was  then 
caused  to  bubble  through  a  clear  solution  of  baryta  water  in  a  closed 
vessel.  This  develops  a  greasy-looking  film  on  its  surface  when  a 
trace  of  carbon  dioxide  comes  into  contact  with  it,  before  the  granular 
precipitate  of  the  carbonate  makes  its  appearance.  The  lowest  tem- 
pératures at  which,  in  experiments  of  20  minutes'  duration,  the  films 
were  distinctly  recognisable  were  as  follows  : 

Magnesite   405°  "  Light  "  carbonate    ...      352° 

"  Heavy  "  carbonate  .. .     368  "Crystal"         „  ...     271 '5 

To  détermine  more  exactly  the  rate  at  which  the  carbon  dioxide  was 
evolved  at  thèse  low  températures,  samples  of  the  ground  magnesite 
were  heated  for  20  hours  in  a  slow  current  of  dry  air  and  the  carbon 
dioxide  estimated  directly  by  absorption  in  caustic  potash,  and  in- 
directly  by  ascertaining  the  loss  the  sample  had  undergone  in  weight. 
The  magnesite  used  contained  only  0*2  per  cent,  of  moisture.  The 
maximum  variation  of  température  recorded  was  about  3°. 

I.  II. 


Tempéra- 

Peiiod of 

Loss  of  C0.2 

Tempéra- 

Period of 

Loss  of  COo 

ture. 

lieating. 

from  1  gram. 

ture. 

heating. 

from  1  gram. 

350° 

20  hours 

0  -0040  graiu 

450° 

5  hours 

0-0211  gram 

390 

20     „ 

0-0089     ,, 

467 

5     ,j 

0-0357     „ 

457 

20     ,, 

0-0693     „ 

480 

5     ,\ 

0-0829     „ 

494 

20     „ 

0-1062     „ 

514 

5     ,, 

0-3197     ,, 

520 

20     „ 

0-4185     „ 

560 

5     ,, 

0-4679     ,, 

600 

61   „ 

0-5030     „ 

583 

5     „ 

0-4706     ,, 

608 

5     „ 

0-4840     ,, 

*  675 

5     ,, 

0-5108     „ 

1070  5     ,,  0-5165 

^     ,  ^     gain  heated  for  G 

0*0010  gram  or  O'IO  per  cent 


This  sample,  ou  beiug  again  heated  for  6  hours  at  the  same  temjjorature,  lost 
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The  numbers  in  II  were  obtaiued  as  the  resuit  of  heating  the 
maguesite  for  5  hours,  using  similar  samples. 

On  account  of  the  small  amount  of  calcium  présent  in  the  native 
magnesite,  this  was  net  regarded  as  being  suitable  for  the  détermina- 
tion of  the  minimum  température  of  complète  expulsion  of  carbon 
dioxide,  and  for  this  purpose  recourse  was  had  to  the  artificial  carbon- 
ates. The  large  proportions  of  combined  water  in  thèse,  on  the  other 
hand,  made  them  less  suitable  for  the  foregoing  experiments  than  the 
native  carbonate. 

In  the  case  of  the  "  light  "  and  "  crystal  "  carbonates,  the  expul- 
sion is  complète  at  or  about  750°.  The  "  heavy  "  carbonate,  on  the 
other  hand,  retains  a  little  of  its  carbon  dioxide  at  températures  over 
810°.     The  following  numbers  were  obtained  in  this  connection  : 

III 

"Heavy."  "Crystal."  "Light." 

Température.  Loss  from  1  grani.     Loss  from  1  gram.     Loss  from  1  gram. 

700°  0-5816  —  — 

750  —  0-6874  0-6013 

810  0-5881  0-6880  — 

867  0-5895  0-6881  0-6005 

926  0-5920  0-6879  — 

948  0-5927  0-6879  — 

1040  0-5934  0-6897  0-6009 

Thèse  artificial  magnésium  carbonates,  as  purchased  for  the  purpose 
of  this  investigation,  had  the  following  composition  : 

IV 

"  Heavy  "  carbonate  "  Crystal  "  carbonate  "  Light  "  carbonate 
(Merck),                        (Merck),  (Merck), 

per  cent.  per  cent.  per  cent. 

Magnesia    4081  31-18  39-91 

Carbon  dioxide 21-75  20-08  21-16 

Water 37-44  48-74  38-93 

None  of  the  three  agrées  in  composition  with  the  comparatively 
simple  formula;  assigned  in  the  text-books  to  the  basic  magnésium 
carbonates.  The  f ormulœ  which.  accord  best  with  the  foregoing  numbers 
are  as  follows  : 

"Heavy"  carbonate 41MgO,20COo,83H2O  or  otherwise 

20MgCO3,21Mg(OH)2,62Hp, 

"Crystal"         „        24MgO,14CO.,S5H.,0  or 

1 4MgC03, 1 0Mg(OH)„75H.A 

"Light"  „       39MgO,19C02,85H20  or 

19MgCO3,20Mg(OH),,65H2O, 

which  would  require  respectively 
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"Heavy,"  "Crystal,"  "Light," 

per  cent.  per  cent.  per  cent. 

MgO 40-86             31-09  39-74 

CO2  2192             19-77  «  21-29 

H2O 37-22             49-14  38-97 

The  only  simple  formula  which  could  be  assignée!  to  the  sample  of 
"  heavy  "  carbonate  used  would  be  MgC03,Mg(OH)2,3H<,0,  which  would 
require  an  analytical  resuit:  MgO- 40-82,  C02  =  22-45,  H20  =  36-73 
per  cent.  Thèse  numbei"s,  whilst  sufficiently  close  to  the  expérimental 
resuit  in  respect  of  magnésium,  show  a  considérable  variation  from 
the  found  percentage  of  car  bon  dioxide  and  water. 

It  is  still  more  difficult  to  reconcile  the  analytical  results  obtained  for 
"light"  and  "  crystal  "  carbonate  with  any  such  simple  formula.  For 
the  former,  the  nearest  would  be  2MgC03,2Mg(OH).„7H20,  and  for  the 
latter  3MgC03,2Mg(OH),16H20,  which  would  correspond  respectively 
to  the  following  percentage  compositions  : 

"Light,"  "Crystal," 

per  cent.  per  cent. 

MgO 39-23  30-67 

COo    21-38  20-06 

HgÔ  39-39  49-27 

Keither  set  of  percentages,  however,  approaches  at  ail  closely  to  the 
expérimental  resuit.  There  seems,  therefore,  no  reason  for  doubting 
that,  in  the  case  of  thèse  samples  of  carbonate  at  least,  the  molecular 
composition  was  much  more  complex  than  such  simple  formulée  would 
indicate. 

Relative  Rates  of  Solution  of  Magnesias. 

The  estimations  described  below  were  made,  not  with  a  view  to 
determining  the  final  equilibrium  between  magnesia  and  its  aqueous 
solution,  but  to  ascertain  the  relative  rates  at  which  solution  took 
place  in  the  case  of  magnesias  which  had  previously  been  exposed  to 
différent  températures.  Two  hundred  ce.  of  distilled  and  previously 
thoroughly  boiled  out  water  were  placed  in  a  thermostat  at  20°,  and 
the  magnesia  obtained  by  heating  1  gram  of  carbonate  was  placed  in 
it.  The  mixture  was  kept  at  20°  for  2  hours  and  agitated  every  5 
minutes,  then  rapidly  filtered  twice  through  a  close-textured  filter,  and 
the  alkalinity  of  100  ce.  of  the  filtrate  determined  by  means  of  N/50 
sulphurie  acid  solution,  phenolphthalein  being  used  as  indicator.  The 
end  point  was  quite  sharp  except  in  those  cases  where  a  considérable 
amount  of  undecomposed  basie  carbonate  still  remained  in  the  residue 
and  partly  passed  into  solution  with  the  oxide. 
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Oxide  from  '■'•  Heavy^''  Carbonate. — The  gram  sample  used  in  each 
experiment  was  kept  in  the  electric  f urnaae  for  5  hours.  The  sample 
was  introduced  in  each  case  when  the  température  of  the  furnace  was 
already  within  about  100  degrees  of  the  final  température  desired. 
It  was  allowed  to  remain  at  or  near  this  final  température  for  at  least 
3  hours,  repeated  trials  having  shown  that  this  period  was  more  than 
enough  to  fix  the  character  of  the  product,  at  least  with  respect  to  the 
rate  of  solution  in  water.  In  this  case,  the  rate  of  solution  was  found 
to  be  a  maximum  when  the  substance  had  been  heated  at  835 — 845°, 
and  showed  a  continuons  diminution  with  each  incrément  of  tempéra- 
ture up  to  1210°,  this  being  the  highest  point  at  which  it  was  found 
possible  to  maintain  the  furnace  for  a  lengthened  period.  The 
diminution  was  most  rapid  between  925°  and  1050°. 

Oxicle  froni  "  Crystal  "  Carbonate. — The  oxide  obtained  by  similar 
treatment  of  the  "  crystal  "  carbonate  showed  likewise  a  maximum 
rate  of  solution  after  being  maintained  at  a  température  of  810 — 865°. 
As  in  the  case  of  the  "  heavy  "  oxide,  the  rate  of  solution  diminished 
when  the  préparation  had  been  made  at  higher  températures,  but  the 
diminution  Avas  much  less  rapid  than  in  the  previous  case.  In  ail  the 
experiments  made  at  the  température  of  préparation  which  gave  the 
maximum  rate  of  solution,  it  was  found  that  the  "crystal"  oxide 
invariably  dissolved  to  a  somewhat  smaller  extent  than  the  "  heavy  " 
oxide.  When  the  température  of  préparation  is  950 — 1000°,  the  rates 
of  solution  are  the  same  in  the  two  cases;  above  1000°  the  "crystal" 
oxide  reacts  with  water  faster  than  the  other. 

Oxide  from  "  Light  "  Carbonate. — The  différence  between  the  several 
magnesias  in  respect  of  rate  of  solution  is  brought  out  still  more  clearly 
by  examination  of  the  "  light  oxide."  In  this  case,  the  maximum  rate 
of  solution  is  considei-ably  less  than  that  of  either  of  the  preceding 
oxides,  and  it  is  influenced  comparatively  slightly  by  increasing  the 
température  of  préparation.  The  maximum  rate  appears,  as  before,  to 
be  reached  when  the  température  of  préparation  is  between  810°  and 
865°;  but,  on  the  other  hand,  repeated  experiments  showed  a  récur- 
rence of  the  maximum  at  températures  of  préparation  a  little  over 
1000°.  The  rate  of  solution  of  the  oxide  prepared  at  1057°  was  found 
to  be  the  same  as  that  prepared  at  845°. 

The  expérimental  results  for  the  three  oxides  are  shown  in  the 
foUowing  tables  and  curves  : 
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Rate  qf  Solution  of  Magnesia, 


Milligrams  of 

Milligrams  of 
MgO  dissolved  in 

Milligrams  of 

MgO  dissolved  in 

MgO  dissolved  in 

two  hours  by  one 

two  hours  by  oue 

two  hours  by  one 

emperature  of 

litre  of  water  at  20°. 

litre  of  water  at  20°. 

litre  ofwaterat  20° 

préparation. 

"Heavy"  oxide. 

"Crystal"  oxide. 

"Light"  oxide. 

700° 

24-48 

— 

— 

745 



17-28 

15-24 

800 



23-52 

21-36 

810 

24-60 

24-00 

23-18 

822 

24-80 

— 

— 

835 

25-92 

— 

— 

845 

25-92 

— 

22-08 

865 

25-20 

24-48 

22-32 

925 

24-24 

— 

— 

940 



21-60 

21-84 

945 

22-56 

20-76 

21-60 

1025 

14-40 

19-92 

23-52 

1030 

14-40 

18-24 

23-04 

1045 

12-48 

— 

— 

1057 



— 

22-08 

1100 

9-84 

16-56 

21-12 

1210 

8-82 

14-64 

20-64 

Further  experiment  showed  that  the  sinaller  numbei-s  obtained  when 
the  oxide  -was  prepared  at  higlier  températures  resulted  from  the  slow- 


800° 


900°  1000° 

Température  of  Freparatiuu. 


1100° 


1200° 
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ness  with  which  the  product  reacted  with  the  water,  and  were  not  due 
to  any  permanent  différence  in  solubility.  Tlius  the  heavy  oxide 
prepared  at  1025°  dissolved  in  2  hours  to  the  extent  of  14 '40  milli- 
grams  per  litre,  and  in  4  hours  to  19-20  milligrams. 

For  the  sake  of  comparison  Avith  the  behaviour  of  the  oxides  obtained 
by  direct  heating  of  the  carbonates,  oxides  were  prepared  by  acting  on 
the  "heavy"  and  "  light  "  carbonates  with  nitric  acid,  evaporating 
to  dryness,  and  igniting  the  residues  at  810°  in  the  electric  furnace. 
A  sample  of  the  "  light  "  carbonate  was  heated  alongside  for  référence. 
The  magnesias  thus  obtained  were  carefully  ground  in  an  agate  mortar, 
and  the  rates  of  solution  determined  in  2  hours  at  20°.  They  were 
found  to  be  8'19  and  9'12  for  the  "nitrate"  oxides  as  against  23'18 
for  that  obtained  by  direct  heating  of  the  carbonate. 

The  salient  features  which  thèse  numbers  présent  is  the  progressive 
change  in  the  rate  of  solution  of  the  spécimens  of  magnesia  examined 
as  thèse  were  prepared  at  successively  higher  températures.  The 
meaning  to  be  attached  to  the  différences  of  solubility  in  the  three 
spécimens  when  formed  from  the  carbonates  at  the  same  temperatm'e 
is  at  least  open  to  question,  since  in  dealing  with  them  the  error  due 
to  the  very  minute  traces  of  alkaline  impurity  cannot  be  left  out  of 
account.  But  no  such  doubt  arises  in  considering  the  diminvition  in 
the  rate  of  solution  of  the  spécimens  of  magnesia  prepared  from  the 
same  carbonate  at  higher  températures.  Experiment  shows  that  the 
loss  of  weight  does  not  amount  to  1  milligram  per  gram  weight  of 
substance  in  heating  through  a  range  of  300°,  yet  the  amount  which 
dissolves  in  a  given  time  after  heating  shows  a  decrease  of  as  much  as 
40 — 60  per  cent.  The  only  possible  explanation  of  the  resuit  is  a 
change  in  the  character  of  the  magnesia  molécule  itself,  and  the  pre- 
sumption  is  that  the  change  is  due  to  polymérisation.  Magnesia, 
prepared  by  ignition  of  the  carbonate  at  the  minimum  température, 
may  be  supposed  to  hâve  a  formula  (MgO),i,  where  w  is  a  comparatively 
small  numéral,  whilst  at  higher  températures  its  real  formula  would  be 
a  multiple  of  this.  The  hydration  process  which  détermines  the  rate 
of  solution  would  then  be  represented  by  the  équation  : 

(MgO)„   +   n{H-OB.)    =   7i(Mg<g^) 
in  the  one  case,  and  by 

(MgO),„n    +    »mrH-OH)    =    wi»/Mg<^^) 

in  the  others.  The  work  carried  out  within  the  scope  of  the  présent 
investigation  does  not  permit  of  any  more  definite  statement  than  this, 
although  the  différences  that  exist  in  the  characters  of  the  oxides 
prepared  from  différent  sources — carbonates,  nitrate,  and  oxalate — ■ 
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favour  the  assiimption  that  the  molécules  of  magnesia  obtained  from 
thèse  under  the  same  conditions  of  température  are  probably  net  of  the 
same  size. 

Sunmiary. — (1)  The  basic  carbonates  of  magnésium  are  substances 
of  high  molecular  weight.  The  samples  studied  in  the  présent 
investigation  are  represented  by  the  following  formulée  : 

20MgCO3,21Mg(OH).„62H,O, 
14MgCO3,10Mg(OH)2,75H2O, 
19MgCO3,20Mg(OH)2,65H2O, 

or  by  multiples  of  thèse. 

(2)  Thèse  carbonates  are  decomposed  completely  into  oxide  when 
heated  in  an  open  vessel  at  750°  in  the  case  of  the  "  light  "  and 
"crystal"  carbonates,  but  not  until  810°,  at  least,  is  reached  in  the 
case  of  the  "  heavy  "  carbonate. 

^)  The  oxides  prepared  by  heating  that  first  obtained  to  différent 
températures  dissolve  in  water  at  différent  rates,  the  rate  of  solution 
being  diminished  as  the  température  of  préparation  is  increased  ;  on 
the  other  hand,  the  extent  of  this  diminution  is  not  the  same  for 
oxides  obtained  from  différent  sources.  It  is  greatest  in  the  case  of 
the  oxide  obtained  from  "  heavy  "  carbonate,  less  marked  in  the 
product  from  "  crystal  "  carbonate,  and  scarcely  appréciable  in  that 
from  "  light  "  carbonate. 

The  cost  of  the  apparatus  used  in  this  investigation  was  partly 
defrayed  by  a  grant  from  the  Research  Fund  at  the  disposai  of  the 
Carnegie  Trustées,  to  whom  I  désire  to  express  my  thanks. 

Chemical  Department, 

University  of  Glasgow. 


XXXII. — The  Latent  Heat   of  Evaporation  of  Benzène 
and  some  other  Com2:)ou7ids. 

By  James  Campbell  Brown,  D.Sc. 

In  a  previous  paper  (Trans.,  1903,  83,  987),  the  latent  heat  of  benzène, 
as  determined  by  the  method  therein  detailed,  was  not  recorded 
because  the  results  obtained,  although  concordant  in  différent  ex- 
periments  and  with  diffei^ent  samples,  were  far  from  agreeing  with  the 
numbers  obtained  by  certain  other  observers,  Griffith  and  Marshall,  94"4 
{Phil.  Mag.,  1896,  41,  1),  Schiff,  93-5  {Annalen,  1886,  234,  344). 
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The  author's  data  nearly  agreed  with  Jahn's  détermination,  namely, 
107-6  {Zeit.  Physikal.  Chem.,  1893,  11,  290),  but  this  number  is 
calculated  at  0°. 

Benzène  labelled  pure  was  redistilled  from  phosphoric  oxide  and 
the  portion  boiling  at  80-5°  taken. 

Ampère.  Volts. 

3  cells  with  2  ohms  résistance        giving    0-679  4-36  Z  =  106-5 

3     ,,        ,,    no                ,,                     ,,         0-7754  4-92  i  =  106-l 

3     ,,        ,,    4  ohms        ,,                     ,,         0-552  3-53  i  =  106-l 

Another  sample  boiling  at  80"2°  was  taken. 

3  cells  with  4  ohms  résistance        giving    0-535  3-43  Z  =  105-9 

(and  with  a  larger  quantity  of  benzène)  Z  =  106-0 

3  cells  with  3  ohms  résistance        giving    0-59  3-77  i  =  106'7 

3     „                     „                                „          0-58  3-74  Z=^106'2 

A  third  sample  boiling  at  79*8°  under  752  mm,  pressure  'v/a.s 
taken. 

3  cells  with  no  résistance  giving     0-8525  4-885  Z  =  106'0 

4  ,,  ,,  ,,  ,,         1167  6-85  i  =  106-l 

5  ,,  ,,  ,,  ,,         1-428  8-52  i  =  106-0 


Average  of  10  experiments £  =  106-15 

It  was  found  that  in  thèse  three  séries  of  experiments  the  benzène 
used  was  not  absolutely  free  from  thiophen,  and  thei-e  may  presumably 
hâve  been  traces  of  other  impurities.  Another  sample  of  benzène 
crystals  free  from  thiophen  was  specially  prepared  by  Kahlbaum,  and 
was  again  dried  over  phosphoric  oxide  immediately  beforehand  and 
redistilled  ;  the  portion  taken  boiled  at  80-2°/759  mm.,  and  was  pure 
dry  benzène.  The  flask  of  benzène  was  heated  in  a  water-bath  at 
100°,  the  whole  globe  being  first  immersed  in  the  water  of  the  bath, 
and  as  soon  as  benzène  vapour  filled  the  jacket  of  the  apparatus  the 
flask  was  raised  so  that  only  about  one-sixth  of  its  diameter  dipped 
in  the  water.  There  was  always  some  difficulty  in  getting  benzène 
and  its  homologues  to  boil  in  the  tube  when  the  current  was  turned 
on  through  the  spiral,  and  it  was  necessary  to  coat  the  spiral  of 
platinum  wire  with  platinum  black,  and  also  to  introduce  small  pièces 
of  capillary  tubing.  The  capillary  tubing  was  afterwards  omitted, 
and  the  spiral  was  wound  on  cross  plates  of  mica,  which  served  the 
double  purpose  of  steadying  the  spiral  and  of  assisting  the  discharge 
of  vapour  from  the  heated  benzène. 
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Latent  Heats  of  Pure  Benzène. 

Ampères.    Volts.  Evaporating 

3  cells  with  no     résistance     giving  0-885         5-18         Z  =  95-08         6-904  grams 

4  ,,       ,.     1  ohm       ,,               ,,       1014         5-93         i:  =  94-91         9-124      ,, 
4     .,       ,;     no  ,,  ,,       1-174         6-9-2         Z  =  94-82  12-341      „ 


Mean Z-94-93     (Schiff,  93-5) 

f    =    20.»2;   ■'^    =    181. 

It  seems  probable  that  Griffith  used  pure  benzène  and  obtained 
the  correct  number,  whereas  Jahn  did  not  vise  the  absolutely  pure 
substance. 

Toluène. 

Kahlbaum's  pure  toluène  was  dried  over  phosphoric  oxide  and 
fractionated  •  the  portion  boiling  at  110*8°  -was  employed.  There  was 
a  similar  difficulty  in  boiling  the  toluène  in  the  spiral  tube. 

Ampères.    Volts.  Evaporating 

3  cells  with  no     résistance     giving  0-8748       5-223       i  =  87-56         7-51    grams 

4  „       ,,1  ohm       .,  ,,  '    0-9956       6-02         Z  =  87-44         9872      ,, 
4     ,,       ,,     no             .,               ..       1117         6-883      Z  =  87-28       12-683      ,, 


Mean Z  =  87-43     (Schiff,  83-6) 


ML  ML 

-777     =    20-91:     -5-    =    13-53. 
1  u 


o-Xylene. 


Kahlbaum's  purest  o-xylene  was  dried  over  phosphoric  oxide  and 
fractionated  ;  the  greater  portion  boiled  at  144'4°/760  mm.  This 
sample  -was  taken,  although  Beilstein  gives  the  boiling  point  as  141*9°. 
The  globe  of  the  flask  was  heated  in  a  pai*affin-bath. 

Ampère.  Volts.  Evaporating 

3  cells  with  2  ohms  résistance    gi\nng  0  605  3-28  Z  =  82-42  3-467  grams 

3  „       „     no                 „                 ,,       0-792  4-31  Z  =  82-5  5958      ,, 

4  ,,       ,,     no                ,,                ,,       0-875  475  Z  =  82-48  7  256      ,, 


Mean i  =  82-47 

^    -    20-91;  -'^     -    13-83. 
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va-Xylene. 
Kahlbaum's  purest,  boiling  at  139 •2°. 


3  cells  with  2  ohms  résistance 

3  ,,       ,,     no                 ,, 

4  ,,       ,,     no                 „ 

Ampère.   Volts. 
giving  0-53        3*5        i^ 81-29 
„       0-655       4-4         Z.  =  81-35 
,,       0-745       5-22      Z  =  81-38 

Evaporating 
3-886  grams 
5-103      „ 
6-881      ,, 

Mean Z  =  81-34 

(Schiff,  78-3) 

ML 

T     ^ 

20-88;      ^     =    13-92. 
T^-Xylene. 

Kahlbaum's 

purest,  boiling  at   138-2°. 

3  cells  with  2  ohms  résistance 

3  ,,       ,,     no                 ,, 

4  ,,       ,,     no                 ,, 

Ampères.  Volts, 
giving  0-5975     3-78      i  =  80-95 
„       0-765       4-82      i  =  8098 
„       1-0606     6-72      i  =  81-02 

Evaporating 
4-019  grams 
6-557      „ 
12-668      ,, 

Mean i  =  80-98 

ML 
T     ~ 

ML 

20-84;-^    =    13  89. 

Mesitylene. 

Kahlbaum's  purest,  boiling  at  165°. 

Ampères.  Volts.  Evaporating 

3  cells  with  2  ohms  résistance    giving  0-589       3-72      i  =  74-4  4-24    grams 

3  „       „     no  ,,  ,,        0-744       4-84       i  =  74-39  6-972      ,, 

4  ,,       ,,     no  ,,  ,,       1-041       6-68       Z  =  74-46  13-452      ,, 


Mean Z=:74-42     (SchiËF,  71-7) 


^    .    ,035;    f    =    U-92. 


Cymene. 
Kahlbaum's  purest,  boiling  at  176  "5°. 

Ampère.  Volts.  Evaporating 

3  cells  with  2  ohms  résistance     giving  0-576       3-9  Z=67-66       4-782  grams 

3  ,,       ,,     no  „  ,,       0-7606     5-05  i/=67-61       8-164      ,, 

4  „       ,,1  ohm  ,,  ,,       0-919       6-24  i  =  67-66  12-207      „ 

Mean Z  =  67-64     (Schiff,  66-3) 

^    =    20-13;   f    =    139. 
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Cumene  was  not  obtainable  of  sufficienb  piirity  to  warrant  an 
investigation  of  its  latent  beat. 

The  following  are  additions  to  the  list  of  alcohols  on  p.  991  and  of 
esters  on  p.  994  (Trans.,  1903,  83).  Both  were  dried  over  anhydi'ous 
sodium  sulphate  and  redistilled. 

B.  p.  Latent  heat.     Mean.       MLIT. 

101-8— 102-2°       îîcr^.-Ainylalcohol {îiô-fl        ^^^'^^        27-09 

155-5—156-2         Propyl  isovalerate  {64-53}         ^^'^'^         ^^'^'"^ 

Chemical  Department, 

The  University  of  Liverpool. 


XXXIII. — The  Constitution  of  Phenylmethylacridol. 

By    James    Johnston    Dobbie,    D.Sc,    F.R.S.,    and 
Charles  Kenneth  Tinkler. 

Evidence  lias  beenadducedto  show  that  when  cotarnine  and  hydrastinine 
are  precipitated  from  an  aqueous  solution  of  their  salts,  the  ammonium 
base  which  is  probably  at  first  formed  immediately  changes  into  a 
carbinol,  or,  in  other  words,  the  hydroxyl  group  is  transferred  from 
the  nitrogen  atom  to  an  adjacent  carbon  atom, 

-Oïï:N(CÏÏ3)X  ^  -CH(0ïï).N.CH3 

-CH2-CÏÏ2  ^  ^  -CH^-CH^ 

(Trans.,  1903,  83,  598;  1904,  85,  1005). 

It  bas  long  been  knowu  that  on  treating  pbenylacridine  methiodide 
with  an  alkali,  a  substance  is  produced  in  which  the  iodine  atom  is 
replaced  by  a  hydroxyl  group,  and  it  was  at  first  supposed  that  this 
replacement  takes  place  without  any  structural  change,  as  represented 
by  the  following  équation  : 

C6ÏÏ,<^^!Î>C,H,  +  MOH  =  MI  +  C,H,<9^^CeH,. 


CH3      I  OH3      OH 

Hantzsch  {Ber.,  1899,  32,  575),  however,  from  the  results  of  conduc- 
tivity  experiments,  came  to  the  conclusion  that  the  substance  produced 
is  in  reality  a  carbinol,  a  change  of  structure  occurring  at  the  moment 
of  précipitation  : 


C  H  <C(C6H5)(OH)^ 
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If  this  view  is  correct,  the  phenomena  are  closely  parallel  to  those 
exhibited  by  cotarnine  and  hydrastinine.  An  examination  of  phenyl- 
acridine  methiodide  and  of  tlie  substance  obtained  from  it  by  précipi- 
tation witb  alkali  was  therefore  undertaken  to  ascertain  whether  the 
spectra  of  their  solutions  show  différences  corresponding  to  those 
exhibited  by  the  spectra  of  cotarnine  and  hydrastinine  salts  and  their 
corresponding  derivatives. 

Phenylacridine  methiodide  is  a  dark  substance  which  gives  a  yellow 
fluorescent   solution  with  alcohol  or  water.     On  the  addition  of  an 
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alkali  to  thèse  solutions,  the  colour  and  fluorescence  entirely  disappear, 
and  in  the  aqueous  solution  a  white  precipitate  is  slowly  formed.  This 
precipitate,  after  recrystallisation  from  ether,  melts  at  140°.  Its 
solution  in  ether  or  chloroform  is  colourless  ;  its  solution  in  alcohol, 
on  the  other  hand,  is  yellow  and  fluorescent,  the  colour  becoming 
deeper  as  the  quantity  of  alcohol  is  increased.  This  substance  is  quite 
insoluble  in  water,  but,  apart  from  this,  its  analogy  with  cotarnine 
and  hydrastinine  obtained  by  précipitation  from  their  salts  is  com.. 
plete. 
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The  spectra  of  its  ethereal  and  chloroform  solutions  agrée  perfectly, 
but  are  quite  distinct  from  those  of  the  original  sait,  as  well  as  from 
those  of  the  alcoholic  solution  (Figs.  1,  3,  and  4). 

In  the  cases  of  cotarnine  and  hydrastinine,  évidence  in  support  of 
the  carbinol  formula  for  the  solid  substances  was  obtained  from  a  study 
of  the  spectra  of  hydrocotarnine  and  hydrohydrastinine  respectively. 
Similar  évidence  for  the  carbinol  formula  exists  in  the  case  of  the 
substance  now  under  discussion,  which  in  ethereal  or  chloroform  solu- 
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The  curv.  of  a  mixture  of  75  per  cent,  of  dihydrophenylacridine  and  25  per  cent,  of 

2}henylacridine  meihiodidc  is  practically  identical  with  this. 


tien  gives  spectra  that  are  practically  identical  with  those  of  dihydro- 
phenylacridine (Fig.  2),  a  colourless  substance  represented  by  the 
formula 

The  close  resemblance  between  the  spectra  of  the  two  substances  is 
only  explicable  on  the  view  that  the  structure  of  the  substance  pre- 
cipitated  by  alkali  from  phenylacridine  methiodide  is,  as  represented 
by  the   carbinol  formula,   closely  related   to  that   of   dihydrophenyl- 

u  2 
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acridine,    and    that   the    substance   is    rightly   named    phenylmethyl- 
acridol. 

In  view  of  the  results  obtained  with  cotarnine  and  liydrastinine,  it 
seemed  to  us  probable  that  the  alcoholic  solutions  of  phenylmethyl- 
acridol  are  really  mixtures  of  the  carbinol  and  ammonium  forms,  and 
we  found  that  by  mixing  dihydrophenylacridine  and  phenylacridine 
methiodide  in  varions  proportions,  the  spectra  of  the  alcoholic  solutions 
could  be  exactly  reproduced.     It  appeared  from  the  comparison  that 
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the  larger  the  amount  of  alcohol  used  for  solution,  the  greater  was  the 
proportion  of  the  ammonium  base  présent. 

A  solution  in  methyl  alcohol  contains  a  larger  proportion  of  the 
ammonium  base  form  than  an  équivalent  solution  in  ethyl  alcohol, 
By  the  addition  of  water  to  the  alcoholic  solution,  the  proportion  of 
the  ammonium  base  form  is  increased.  A  50  per  cent,  methyl-alcoholic 
solution  (1  milligram-mol.  in  2000  ce.)  was  found  to  contain  approxi- 
mately  25  per  cent,  of  ammonium  form  and  75  per  cent,  of  carbinol  form 
(Fig.  3),  whilst  in  a  40  per  cent,  mothyl-alcoholic  solution  (1  milligram- 
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mol.  in  5000  ce.)  tlie  Avhole  of  the  substance  appeared  to  be  présent 
in  the  ammonium  form. 

Heating  also  favours  the  production  of  the  ammonium  base  form,  as 
in  the  case  of  cotarnine  and  hydrastinine.  The  reverse  change  takes 
place  on  the  addition  of  a  soluble  base  to  the  alcoholic  solutions  ;  the 
colour  and  fluorescence  are  both  discharged,  and  the  spectra  agrée  with 
those  of  the  other  colourless  solutions. 

Since  the  carbinol  form  is  insoluble  in  water  and  cannot  be  changed 
into  the  ammonium  form  directly  under  the  influence  of  water  alone, 
it  is  not  possible  to  compare  the  spectra  of  aqueous  solutions  of  the 
base  with  those  of  the  salts,  as  was  done  in  the  case  of  cotarnine. 

The  Royal  Scottish  Muséum, 
Edinburgh. 


XXXIV. — The  Ultra-violet  Absorption  Spectra  of  certain 
Diazo-compounds  in  Relation  to  their   Constitution. 

By  James   Johnston  Dobbie,  D.Sc,  F.R.S.,  and   Charles  Kenneth 

TiNKLER, 

With  the  discovery  of  the  first  case  of  isomerism  in  the  diazo- 
group  by  Schi"aube  and  Schmidt  in  1894,  a  controversy  arose  as  to 
whether  the  phenomena  are  to  be  attributed  to  différences  in  structure 
or  to  différences  in  the  arrangement  of  the  atoms  in  space. 

Bamberger,  from  a  considération  of  its  purely  chemical  reactions, 
attributed  to  the  potassium  rsobenzenediazotate  of  Schraube  and 
Schmidt  the  structure  of  a  phenylnitrosoamine,  CgH^'NK'NO. 
Hantzsch,  on  the  other  hand,  advanced  the  view  that  it  is  structurally 
identical  with  the  less  stable  diazotate,  and  that  the  two  substances 
are  related  to  one  another  in  the  same  way  as  the  syn-  and  anti-modi- 
fications  of  the  oximes,  the  unstable  compound  being  regarded  as 
the  syit,-,  the  stable  as  the  anfi-îovm  : 

N-OK 

caiti. 

This  view  received  support,  in  Hantzsch's  opinion,  from  the 
discovery  of  two  séries  of  diazosulphonates,  the  one  includiug  unstable 
substances,  the  other  stable  isomerides,  formed  from  the  first  by  re- 
arrangement, and  closely  analogous  to  potassium  ^'sobenzenediazo- 
tate.       Hantzsch   obtained,    later,    isomeric    diazocyanides    which    he 


CoH5-N 

KO-N 

syu. 

received    suppoi 

■t 
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classed  as  sy^v-  and  fm^i-modifications,  tiie  former  being  stable,  the 
latter  unstable  substances.  In  ail  thèse  cases,  the  unstable  foi"ms 
readily  combine  with  ^-naphthol  to  form  dyes. 

The  two  forms  of  benzaldoximes  were  shown  by  Hartley  and 
Dobbie  (Trans.,  1900,  77,  509)  to  give  identical  absorption  curves. 
Other  substances  similarly  related  hâve  since  been  examined,  and  it 
has  been  foand  in  ail  such  cases  that  the  spectra  are  identical,  or  agrée 
more  closely  than  those  of  any  isomeric  substances  hitherto  examined 

which  differ  in  structure.  It 
appeared  therefore  that  the 
spectroscopic  method  of  in- 
vestigation might  be  applied 
with  advantage  to  the  diazo- 
compounds,  since  if  the  isomer- 
ides  which  hâve  formed  the 
subject  of  the  above-mentioned 
controversy  differ  only  in  the 
same  way  as  the  syn-  and  anti- 
modifications  of  the  oximes, 
they  should  give  identical  or 
nearly  identical  ultra- violet 
absorption  spectra,  but  distinct 
spectra  if  they  differ  structur- 
ally. 

This  paper  contains  an  ac- 
count  of  the  i-esults  which  we 
hâve  obtained  by  the  examina- 
tion  of  examples  from  the 
following  groups  :  1,  isomeric 
diazosulphonates  ;  2,  isomeric 
diazocyanides  ;  3,  isomeric  di- 
azotates. 

As  examples  of  the  first 
group,  we  selected  the  potass- 
ium salts.  The  less  stable  of 
thèse  substances  was  obtained 
by  Hantzsch  as  a  reddish-yellow,  crystalline  precipitate  by  adding 
benzenediazonium  nitrate  to  an  alkaline  solution  of  potassium  sulphite 
{Ber.,  1894,  27,  1726).  This  substance  dissolves  easily  in  water  to  a 
dark  yellow  solution  which  gradually  becomes  lighter  in  colour  and 
deposits  granular  crystals  of  the  more  stable  isomeric  sait.  The  solu- 
tion of  the  less  stable  and  more  soluble  sait  is  easily  distinguished 
from  the  other,  not  only  by  its  darker  colour,  but  by  the  fact  that 
it  gives   an   intense   coloration    with   /3-naphthol.      Both  substances 


n 

mr- 

,400 

,„J, lÉi, 

■^HH 

L,|,  1, 

i"""î r 

A            OK 

t       25  J- 

20 

^ 

o             "^ 

g       15" 

s 

~ 

S 

-^      10  ._ 

1 

""^ 

ç^~X 

\ 

4 

\ 

3 

J 

/' 

-,  L 

^. 

/ 

\ 

n 

_ 

_j 

\ 

Y          IL 

i       1      1 

CeHj-Ng-SOsK. 

syu-  and  nnti- Modifications. 

The  absorption  cxhrve  is  the  same  for 

hoth  forms. 


ABSOKPTION   SPECTRA   OF   CERTAIN   DIAZO-COMPOUNDS.      275 

were  examined  immediately  after  solution,  and  were  found  to  give 
spectra  agreeing  so  closely  that  tbe  absorption  curves  (Fig.  1  )  coïncide, 
as  was  to  be  expected  if  tbe  substances  are  related  to  one  another  in 
tbe  manner  indicated  in  tbe  following  formulée  : 


C.H,-N 


SO,K-N 


N-SO,K 


In  tbe  second  group,  we  examined  tbe  diazocyanides  obtained 
respectively  from  ;>anisidine  and  jo-cbloroaniline. 

Tbe  less  stable  diazocyanide  (m,  p.  50 — 51°)  from  /)-anisidine  was 
obtained  in  accordance  witb  tbe  directions  given  by  Hantzscb  (Ber., 
1900,  33,   2161)   and   converted   into   tbe  stable  modification   (m.    p. 
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121 — 122°)  by  allowing  it  to  remain  until  it  bad  lost  tbe  power  of 
reacting  witb  ^-napbtbol. 

Tbe  spectra  of  thèse  two  substances,  wbilst  not  absolutely 
identical,  agrée  very  closely,  as  will  be  seen  by  référence  to  tbeir 
curves  (Fig.  2). 

Similar  results  were  obtained  witb  tbe  diazocyanides  derived  from 
;)-cbloroaniline  (Ber.,  1895,  28,  666),  tbe  agreement  between  tbeir 
spectra  (Fig.  3)  being  also  remarkably  close,  haviug  regard  to  tbe 
great  difficulty  of  obtaining  tbe  more  fusible,  unstable  form  (m.  p.  29°) 
in  a  pure  condition.  It  will  be  readily  understood  tbat  in  dealing 
witb  unstable  substances  such  as  tbe  diazo-compounds,  tbe  perfect 
agreement  wbicb  is  obtained  in  tbe  case  of  tbe  more  stable  isomeric 
svfbstances  is  nob  to  be  expected.     Tbe  agreement,  bowever,  is  so  close 
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in  the  cases  examined  as  to  preclude  the  possibility  of  any  structviral 
différence,  such  as  is  hère  in  question. 

There  is  évidence  of  the  existence  of  a  third  modification  of  the 
diazo-compounds  from  jo-anisidine.  By  treating  the  anti-cjanide, 
which  is  a  higbly  coloured  substance,  with  water,  Hantzsch  -  (foc.  cit.) 
obtained  a  practically  colourless  solution  containing  a  compound 
which,  both  from  the  fact  that  it  is  a  good  electrolyte  and  that  it  is 
devoid  of  colour,  he  regards  as  a  trae  diazonium  cyanide. 

^-Cïïg-O-Cgïï.-N-CN 

N 

The  spectra  of  this  solution  are  entii'ely  différent  from  those  of  the 
syn-  and  cmti-îorms,  and  show  at  ail  events  that  we  hâve  in  this 
case  a  substance  differing  structurally  from  thèse  modifications. 
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In  the  third  group  of  substances,  we  examined,  besides  the  two 
potassium  compounds  obtained  from  benzenediazonium  chloride  by 
the  action  of  caustic  potash,  the  potassium  and  sodium  derivatives  of 
diazobenzenesulphonic  acid. 

The  less  stable  potassium  benzenediazotate  is  difiîcult  to  prépare  in 
anything  approaching  a  pure  state.  We  attempted  the  préparation 
by  the  method  given  by  Bamberger  *  {Ber.,  1896,  29,  461),  but  the 
product  invariably  contained  a  considérable  admixture  of  inorganic 
potassium  salts,   We  were,  however,  able  to  détermine  the  proportion  of 

*  AccordÏDg  to  Bamberger  {loc.  cit.),  the  compound  prepared  and  aualysed  by 
Griess  was  really  the  more  stable  of  the  isomerides. 
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the  diazo-compound  présent  in  the  mixture  by  estimating  the  amount 
of  diazonium  chloride  which  it  yielded  when  treated  with  hydrochloric 
acid.  This  was  done  by  comparing  the  spectra  of  the  solution  of  a 
weighed  quantity  of  the  mixture  with  those  of  a  solution  of  benzene- 
diazonium  chloride  of  known  sti'ength.  The  isomeric  potassium  com- 
pound  of  Schraube  and  Schmidt  {Ber.,  1894,  27,  514)  was  prepared 
by  the  method  given  by  the  discoverers.  In  this  case,  the  substance 
is  easily  obtained  in  the  pure  condition.     It  differs  from  its  isomeride 
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in  not  giving  a  coloration  with  ^-naphthol.  Its  spectra  are  also  quite 
distinct,  differing  from  those  of  the  less  stable  compound  in  showing  an 
absorption  band  and  a  greater  amount  of  gênerai  absorption  (Fig.  4) 
Thèse  two  compounds  therefore  appear  to  be  structural  isomerides, 
and  not  syn-  and  fWiit-moditications,  as  Hantzsch  supposes.  It  is 
possible  that  the  less  stable  compound  may  be  a  syn-îovm,  since  it  gives 
an  azo-derivative  with  ^-naphthol,  but  for  the  reason  just  stated  the 
iso-compound  cannot  be  the  corresponding  aîiii-modification.  It 
might,  however,  possess  the  structure  of  a  nitx'osoamine.     In  this  case, 
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its  spectra  would  agrée  closely  with  those  of  phenylmethylnitrosoamine 
CeÏÏ5-N(CH3)'NO,  from  which  it  would  only  differ  ia  composition  in 
having  an  atom  of  potassium  in  place  of  the  methyl  group.  A  compari- 
son  of  the  spectra  of  the  two  compounds  shows  practically  complète 
agreement  (Figs.  4  and  5),  and  points  to  the  formula  CgH^'NK'NO 
as  the  correct  one  for  the  more  stable  diazotate. 

Evidence  of  a  third  modification  of  potassium  benzenediazotate  was 
obtained  by  the  study  of  a   very  dilute  aqueous  solution  of  the  less 
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stable  compound.  The  spectra  of  such  a  solution  agrée  closely  with 
those  of  benzenediazonium  chloride  of  the  same  strength,  which  would 
appear  to  indicate  that  the  original  compound  changes  under  the 
influence  of  water  into  a  true  diazonium  compound  : 

OK" 

That  some  change  takes  place  in  the  course  of  the  dilution  is  shown 
by  the  fact  that  the  spectrum  of  a  layer  25  mm.  thick  of  a  solution  of 
the  less   stable  compound    containing  1  milligram-molecule  in  500  ce. 
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of  water  is  différent  from  that  of  a  layer  5  mm.  thick  of  a  solution  con- 
taining  1  milligram-molecule  in  100  ce. 

It  thus  appears  from  tlie  spectroscopic  examination  that  there  are 
tliree  isomeric  modifications  of  tbe  compound  OgHg'Ng'OK,  and  if 
tlie  normal  compound  is  conectly  identified  as  a  sy/i-modification,  the 
corresponding  anti-iorm  remains  to  be  discovered. 

We  hâve  also  examined  the  potassium  and  sodium  compounds 
obtained  from  diazobised  sulphanilic  acid  by  the  action  of  caustic  alkali 
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{Ber.,  1895,  28,  2002).  Thèse  substances  differ  from  those  just 
described  only  in  possessing  the  group  SO3M  in  the  nucleus,  and,  as 
was  to  be  expected,  the  spectra  of  the  isomeric  substances  (Fig.  6) 
are  related  in  the  same  way  as  those  of  the  pi'eceding  compounds. 
In  this  instance,  the  examination  présents  no  spécial  difficulties,  as 
both  forms  can  easily  be  obtained  in  the  pux^e  condition. 

The  purity  of  the  salts  was  ascertained  in  this  case  by  comparing 
the  spectra  of  their  solutions  acidified  with  hydrochloric  acid  with 
those  of  a  corresponding  solution  of  the  acid  obtained  by  adding  water 
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to   the  anhydride,  CgH^-^^,  ^  J>      -phe  spectra   of  ail   three  solutions 

showed  complète  agreement. 

The    gênerai   resuit    of    our    investigations     has    been     to    confirm 
Hantzsch's  conclusions,  except  as  regards  the  diazotates. 

The  Royal  Scottish  Muséum, 
Edinburgh. 


XXXV. — Action  of  Hydrogen  Peroxide  on  Carhohydrates 
in  the  Pï'esence  of  Fei^rous  Sidphate.     Part  V. 

By  Robert  Selby  Morrell  and  Albert  Ernest  Bellars. 

In  this  communication,  attempts  hâve  been  made  to  trace  the  dis- 
appearance  of  différent  sugars  during  their  oxidation  by  observing  the 
diminution  in  the  rotation  angle,  and  from  the  détermination  of  the 
initial  and  final  reducing  powers  of  the  solutions,  as  well  as  their 
acidities,  to  obtain  a  fuller  knowledge  of  the  many  oxidation  stages 
which  occur.  The  results  of  the  change  in  the  optical  activity  show 
that  during  successive  additions  of  hydrogen  peroxide  up  to  1  gram- 
molecule  for  the  same  weight  of  carbohydrate  the  diminution  in  angle 
is  proportional  to  the  amount  of  oxidising  agent  added.  The  relative 
decrease  in  the  angle  dépends  on  the  sugar  oxidised  ;  galactose  shows 
a  greater  diminution  than  glucose  or  fructose,  maltose  less  than  sucrose, 
which,  in  turn,  has  a  smaller  decrease  in  angle  than  lactose.  In  the 
case  of  arabinose,  it  would  appear  as  if  only  50  per  cent,  of  the  sugar 
were  acted  on  by  1  gram-molecule  of  peroxide.  Ehamnose,  original ly 
dextrorotatory,  becomes  Ipevorotatory  on  oxidation,  and  the  rotation 
is  practically  constant  after  2  gram-atoms  of  oxygen  hâve  been  added. 
This  Isevorotation  appears  to  be  due  to  the  présence  of  a  lœvorotatory 
keto-acid,  The  high  values  of  the  final  reducing  powers  must  be  due 
to  the  strong  reducing  powers  of  keto-acids  and  osoi  es  formed  in  the 
oxidation.  The  acidities  of  the  solutions  after  oxidat  on  are  not 
large,  and  are  insufficient  to  account  even  for  the  complète  formation 
of  one  monobasic  hexose  acid. 

The  smaller  the  yield  of  osazone  precipitated  by  phenylhydrazine  in 
the  cold,  the  greater  is  the  acidity  of  the  solution.  Attempts  were 
made  in  the  case  of  arabinose  and  rhamnose  to  isolai e  the  acids  formed 
during  the  oxidation.  The  simpler  acids,  formic  and  oxalic,  were  easily 
detected,  but  the  more  important  keto-acids  which  were  expected 
could  not  be  isolated,  although  qualitative  experiments  seem  to  leave 
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little  doubt  of  their  présence.  Whether  thèse  contain  the  saine  or  a 
smaller  number  of  carbon  atoms  than  the  parent  sugar  it  is  impossible 
to  say. 

The  method  of  E.  Fischer  and  E.  F.  Armstrong  {Ber.,  1902,  35, 
3141)  has  been  applied  to  the  formation  of  arabinosone  from  arabinose, 
rhamnosone  from  rhamnose,  and,  by  using  o-nitrobenzaldehyde,  glucos- 
azone  and  rhamnosazone  may  be  made  to  yield  the  corresponding 
osones. 

Autoxidation  experiments  hâve  been  performed  with  benzaldehyde 
as  inductor,  whereby  the  oxidations  of  glucose  and  fructose  to  glucosone 
in  the  présence  of  ferrons  sulphate  hâve  been  slightly  accelerated,  but 
the  yields  of  osones  were  very  poor. 

Radium  émanations  were  found  to  hâve  no  influence  on  the  oxida- 
tion  of  carbohydrates.  The  small  changes  in  optical  activity  were 
found  to  be  due  to  altération  in  concentration  of  the  sugar  solutions. 
When  the  conditions  were  arranged  so  that  change  in  the  concentra- 
tion of  the  solution  became  impossible,  the  optical  activity  remained 
constant. 

Expérimental. 

The  Change  in  Optical  Activity  of  Sugar  Solutions  during  Oxidation 
hy  Hydrogen  Peroxide  in  the  Présence  of  Ferrons  Sulphate. 

Twenty  per  cent,  sugar  solutions  containing  1  per  cent,  of  crystal- 
lised  ferrons  sulphate  were  treated  with  20  volume  hydrogen  per- 
oxide, and,  after  the  addition  of  each  one-tenth  of  a  gram-atom  of 
oxygen,  the  optical  activity  of  the  solutions  was  observed.  It  was 
found  in  the  case  of  the  hexoses  that  the  diminution  in  angle  was 
nearly  propoi-tional  to  the  amount  of  hydrogen  peroxide  added.  Glu- 
cose, fructose,  and  galactose  were  the  hexoses  examined,  and  it  will  be 
seen  from  the  curve  (Fig.  1)  that  the  decrease  in  angle  of  the  two 
former  sugars  is  practically  the  same,  whereas  for  galactose  the  dimi- 
nution in  the  optical  activity  is  much  greater.  The  changes  in  the 
activity  of  arabinose  and  rhamnose  solutions  were  observed,  and  it 
was  found  that  the  curve  for  arabinose  lies  betvveen  that  of  glucose 
and  galactose,  whilst  a  similar  curve  for  rhamnose  shows  a  change 
from  a  dextrorotatory  to  a  lœvorotatory  power. 

In  the  bioses,  the  diminution  in  optical  activity  is  evidently  con- 
nected  with  the  hydrolytic  décomposition  of  the  sugars  with  acids. 
Maltose,  lactose,  and  sucrose  are  acted  on  according  to  their  power  of 
undergoing  resolution  into  two  hexoses. 

In  the  case  of  glucose  and  fructose,  the  curve  showing  the  diminu- 
tion in  angle  lies  nearly  midway  between  the  curve  expressing  the 
decrease  in  angle  due  to  dilution  only  and  that  due    to  the  disappear-. 
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ance  of  the  sugar  to  yield  inactive  pioducts.  Tbis  observation 
cannot  be  taken  as  strictly  representing  a  disappearance  of  50  per 
cent,  of  the  sugar,  for,  although  glucosote  is  feebly  Isevorotatory 
(E.  Fischer,  Ber.,  1889,  22,  94),  acids  are  formed  during  the  oxidation, 
some  of  which  may  hâve  an  optical  activity  of  the  same  sign  as  that 
of  the  parent  sugàr.  In  the  case  of  galactose,  the  curve  lies  much 
doser  to  the  dilution  and  loss  of  sugar  curve  than  in  the  case  of  those 
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for  glucose  and  fructose  ;  moreover,  the  acidity  at  the  end  of  the  oxi- 
dation is  much  gi  eater.  It  is  unlikely  that  the  corresponding  hexose 
acids  are  formed  in  any  quantity.  Ruff  {Ber.,  1898,  32,  550)  has 
shown  that  thèse  acids  on  being  heated  are  attacked  in  the  présence  of 
hydrogen  peroxide  and  ferrie  salts  to  give  aldoses  containing  one 
Carbon  atom  les?.  Moreover,  such  aldoses  in  the  présence  of  ferrons 
sulphate  would  undergo  further  oxidation  to  give  r sones  and  acids 
*  Diminution  in  ande  due  to  dilution  lias  been  eliniinateJ. 
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containing  fewer  carbon  atoms  (Morrell  and  Crofts,  Trans.,  1899,  75, 
796).  Keto-acids  are  more  probable,  since  Ruff  {Ber.,  1898,  32,  2270) 
showed  that  in  addition  to  fZ-arabinose,  formic,  glycollic,  and  a  small 
qiiantity  of  a  hexose  acid,  identified  as  Boutroux's  oxygluconic  acid, 
were  obtained  by  the  action  of  hydrogen  peroxide  on  gluconic  acid  in 
the  présence  of  ferrie  acétate. 

A  comparison  of  the  curves  for  arabinose,  namely,  the  calculated 
dilution  curve,  the  curve  representing  the  angular  diminution  during 
oxidation,and  that  due  to  dilution /)/ms  the  disappearance  of  successive 
tenths  of  the  amount  of  sugar  up  to  ten-tenths,  might  indicate  the 
disappearance  of  50  per  cent,  of  the  sugar  on  the  assumption  that  in 
addition  to  the  osone  only  optically  inactive  acids  are  formed  ;  glyceric 
acid  is  not  produced,  moreover  lactic  and  tartaric  acids  hâve  such 
small  rotation  angles  compared  with  arabinose  that  their  influence  on 
the  optical  activity  is  negligible.  It  was  thought  that  a  further  study 
of  the  oxidation  of  arabinose  might  furnish  some  due  as  to  the  changes 
that  occur  during  its  oxidation,  and  at  the  same  time  might  explain 
what  took  place  in  the  case  of  other  carbohydrates. 

Ten  grams  of  arabinose  were  dissolved  in  50  ce.  of  water,  0'5  gram  of 
crystallised  ferrons  sulphate  added,  and  38'6  c.c.  of  hydrogen  peroxide 
(1  c.c.  =  00276  gram  0)  were  introduced  in  one-tenths  with  the  usual 
précautions.  The  action  of  the  peroxide  was  very  rapid,  and  in  a  few 
minutes  the  angle  became  constant,  for  example,  at  3.15  p. m.  3'86  c.c. 
of  hydrogen  peroxide  were  run  io,  at  3.25  p.m.  the  angle  observed  was 
17-08°.  At  5.15  p.m.  the  angle  was  16-89°,  and  24  hours  afterwards 
was  16-73°.  The'  oxidation  of  carbohydrates  is  always  very  rapid, 
the  hydrogen  peroxide  being  used  up  as  soon  as  it  is  added.  Fig.  2 
will  show  the  relationship  of  the  curve  drawn  from  the  observed  data 
and  those  calculated  for  dilution,  and  for  dilution  plus  disappearance 
of  successive  tenths  of  sugar  to  give  inactive  substances. 

When  the  oxidation  by  oce  gram-molecule  of  peroxide  had  been 
completed,  the  acidity  of  the  solution  was  determined.  It  was  found 
to  be  272  c.c.  of  iV^lO  caustic  soda,  or  4080  c.c.  of  this  solution  for 
1  gram-molecule  of  arabinose;  to  furnish  166  grams  of  arabonic  acid, 
150  grams  of  arabinose  would  require  10  litres  of  iV^/10  caustic  soda. 
It  was  unlikely  that  the  oxidation  had  proceeded  only  to  the  formation 
of  arabonic  acid,  because  the  reducing  power  of  the  solution  had 
diminished  from  7452  to  5767-,  a  decrease  of  only  one-fifth.  The 
reducing  power  of  the  solution  was  estimated  by  means  of  Wood  and 
Berry's  method  {Proc.  Camh.  Phil.  Soc,  1903,  12,  98),  whereby  cuprous 
oxide  is  precipitated  by  a  solution  of  copper  potassium  carbonate, 
and  the  washed  cuprous  oxide  allowed  to  reduce  a  ferrie  sulphate 
solution  ;  the  ferrons  sulphate  formed  was  estimated  by  standard 
permanganate,     The    reducing    power  of    the    original    sugar  in    the 
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présence  of  ferrous  sulphate  was  estimated  previously,  the  amount  of 
ferrous  sulphate  being  in  the  same  proportion  as  that  used  for  the 
oxidation  of  the  sugar  by  hydrogen  peroxide.  The  small  diminution 
in  the  reducing  power  indicated  the  présence  of  residual  sugar,  of 
osone,  and  probably  of  a  keto-acid  containing  5  carbon  atoms  or  less. 


FiG.  2. 

OxidafÀon  of  Arahinosc. 
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The  yield  of  acids  forming  insoluble  lead  salts  was  small  because 
normal  lead  acétate  precipitated  only  1  gram,  and  basic  lead  acétate 
only  3  grams  of  lead  sait,  but  it  is  possible  that  thèse  lead  salts 
are  soluble  in  excess  of  the  précipitant,  as  was  found  to  be  the 
case  with  lead  glycollate  (Morrell  and  Crofts,  Trans.,  1903,  83,  1291). 
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The  yield  of  arabinosazone,  after  removal  of  the  acicls,  was  only 
025  gi-am  after  the  solution  had  remained  for  6  hours  at  the  ordinary 
température,  but  tbe  yield  was  increased  by  3  grams  after  heating  the 
solution  on  tbe  water-bath  for  1  hour.  Tbree  grams  of  arabinosazone 
correspond,  from  experiments  we  bave  performed,  witb  5  grams  of 
arabinose.  The  yield  of  arabinosone  in  this  experiment  was  small, 
owing  to  the  solution  baving  remained  alkaline  for  rather  a  long  time 
during  tbe  filtration  of  the  basic  lead  acétate  precipitate,  and  E.  Fischer 
has  shown  that  osones  are  not  stable  in  the  présence  of  alkalis  (Ber., 
1889,  22,  94).  In  other  experiments,  we  bave  found  that  by  tbe 
oxidation  of  10  grams  of  arabinose,  1*7  grams  of  arabinosazone  could 
be  obtained  at  tbe  ordinary  température  after  one  or  two  hours,  and 
1*7  grams  of  arabinosazone  correspond,  as  will  be  shown  later,  to 
nearly  3  grams  of  arabinosone.  An  attempt  was  then  made  to  prépare 
a  small  quantity  of  arabinosone  by  using  E.  Fischer's  method  [Ber., 
1892,  25,  3141),  and  to  détermine  its  optical  activity.  Ten  grams  of 
recrystallised  arabinosazone  were  added  slowly  to  1800  ce.  of  boiling 
water  containing  13  gi^ams  of  benzaldehydp.  After  2Â  hours,  the 
solution  was  filtered  from  unattacked  arabinosazone  and  benzaldehyde- 
hydrazone,  the  filtrate  shaken  several  times  witb  ether,  and  concen- 
trated  to  less  tban  half  its  bulk  in  a  vacuum  at  50°.  The  liquid  was 
again  shaken  several  times  witb  ether,  decolorised  witb  animal  char- 
coal,  and  evaporated  to  a  small  volume.  It  was  found  to  be  sligbtly 
dextrorotatory,  and  gave  an  immédiate  precipitate  at  tbe  ordinary  tem- 
pérature witb  phenylbydrazine  acétate.  In  order  to  obtain  a  rough  value 
of  the  spécifie  rotation  of  tbe  arabinosone,  the  syrup  was  evaporated 
to  a  constant  weight  in  a  platinum  basin  at  the  ordinary  température 
under  reduced  pressure,  whereby  0'2753  gram  was  obtained.  This 
amount,  when  dissolved  in  8  ce.  of  water,  gave  a  rotation  of  +0-245°, 
whence  [ajn  =7*12°.  The  contents  of  the  polarimeter  tube  were 
warmed  with  the  calculated  quantity  of  phenylbydrazine  acétate  for 
1^  hours  on  the  water-bath,  the  yield  of  arabinosazone  precipitated 
was  a  little  more  tban  O'I  gram.  Since  [ajo  for  arabinose  is  94'85°, 
the  activity  of  the  osone  is  very  small  compared  with  that  of  the 
siigar.  With  regard  to  the  formation  of  a  keto-acid  from  arabinose, 
the  amounts  of  lead  salts  produced  are  so  insignificant  that  further 
investigations  would  entail  the  use  of  larger  quantities  of  the  ex- 
pensive carbohydrate.  From  100  grams  of  arabinose,  the  yield  of  lead 
salts  was  so  poor  that  their  investigation  was  restricted  to  qualitative 
tests.  The  basic  lead  acétate  precipitate  was  suspended  in  water  and 
decomposed  by  hydrogen  sulpbide  ;  the  filtrate  from  lead  sulphide  was 
concentrated  in  a  vacuum  at  60°  and  tbe  distillate  was  neutralised 
witb  calcium  carbonate,  a  small  quantity  of  a  crystalline  calcium 
sait  obtained,  which  reduced  mercuric  chloride  to  mercury,  but 
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neithcr  rednceda  Fehling's  solution,  nor  reacted  with  plienylliydrazine 
acétate.  With  ferrie  chloride,  it  gave  the  reaction  for  an  acetatp,  and 
on  heating  with  dilute  sulphviric  acid  the  odours  of  acetic  and  formic 
acids  vvere  noticed.  The  residne  in  the  distilling  flask  was  boiled  with 
calcium  carbonate  until  neutral,  filtered,  evaporated  to  a  small  bulk, 
poured  into  alcohol,  and  filtered.  The  precipitated  calcium  sait 
reduced  Fehling's  solution  readily,  and  reacted  after  slightly  warming 
with  phenylhydrazine  to  give  a  dark  red  precipitate.  VVith  p  bromo- 
phenylhydrazine,  an  uncrystallisable  oil  was  obtained.  Lime  water 
added  to  a  solution  of  the  calcium  sait  gave  a  white  precipitate,  and 
normal  lead  acétate  a  white  precipitate,  but  the  calcium  sait  did  not 
react  with  aniline  oxalate  to  give  the  test  for  glyoxylic  acid. 

It  is  advisable  to  give  tables  showing  the  acidities,  yields  of 
osazones,  and  changes  in  reducing  power  of  a  séries  of  sugars,  before 
considering  the  attempts  to  identify  the  acids  formed  from  rhamnose. 


Acidity 

Reduc 

ng 

iiower 

Diminution 

One  gram-mol. 

expressed 

in  ce 

of 

in 

of  sugar  +  one 

in  ce. 

permanganate. 

reducing 

gram-raol.  of 
peroxide. 

Yieltl  of  crude 
osazone. 

of  A710 
NaOH. 

power. 
Per  cent. 

Before. 

After. 

Glucose 

54  grams 

3600 

8600 

6408 

25-5 

Fructose 

63       „ 

3240 

9854 

8971 

9 

Galactose 

45       ,, 
(hydrazo-liydrazide) 

5778 

7861 

6152 

22 

Maltose 

very  sraall 

4275 

8550 

7251 

15 

Lactose 

practically  nône 

5164 

8550 

8225 

4 

Sucrose 

51  grams 

3830 

— 

8766 

— 

Arabinose 

25-5   „ 

4080 

7452 

5767 

23 

Rhamnose 

32       ,, 

4493 

7500 

5125 

32 

The  yields  of  osazones  given  include  that  due  to  the  osone  and  to  '. 
the    keto-acid   vvhich   may  liave  escaped    précipitation   by   basic  lead 
acétate.     In  the  case  of  arabinose  and  rhamno.se,  the  yields  of  osazones 
are  larger  if  substituted  hydrazines,  such  as  phenylmethylhydrazine 
and  j9-bromophenylhydrazine    are    employed.      The   foregoing    table  1 
shows    that    the   greater    the    acidity    in    a    séries,  the    greater   the  1 
diminution    in    angle    of    rotation.       The    reducing    powers    are    not 
generally  diminished    more    than    25  per  cent.,   varying  from  9  per 
cent,  in  the  case  of  fructose  to  32  per  cent,  in  the  case  of  rhamnose. 
It  will  be  noticed  that  the  reducing  power  of  a  cane  sugar  solution  is 
almost  that   of  a  fructose  solution,   which  is  in  agreement  with  the 
view  that  hydrolysis  ensues  before  oxidation.     The  slight  diminution 
in  the  reducing  power  iudicated  the  formation  of  substances  contain- 
ing   aldéhyde  and  ketone  groupings.     Maltose   and  lactose,  yielding 
small   quanti ties  of  osones,   bave  high   acidities,   due  to    the  further 
oxidation  of    the  osones,   and   high   reducing   powers    owing    to    the 
présence  of  relatively  lai'ge  quantities  of  unattacked   sugar.      It  is  to  \ 
be  noticed  that  galactose  furnishes  the  highest  acidity  number  and  a  1 
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reducing  power,  after  oxidation,  relatively  greater  than  glucose,  although 
no  osone  is  formerl,  but  rather  a  keto-hexose  acid.  Mr.  Crofts  bas 
informed  us  that  tbe  dark  red  substance  precipitated  from  a  cold 
solution  of  oxidised  galactose  by  pbenylhydrazine  contained  a  sub- 
stance which,  after  repeated  crystallisition  from  benzène,  melted  at 
152—155°,  with  décomposition,  and  gave  on  analysis  the  following 
numbers. 

0-1120  gave  14  ce.  moist  nitrogen  at  12"  and  760  mm.     N=  U'O. 

0-1450     „     0-308  CO^  and  0-0785  H,0.     C  =  58-0  ;  H  =  60. 
CigK.PgN^  requires  C  =  57-7  ;  H  =  5-9  ;  N  =  14-9  per  cent. 


Fi  G.   3. 
Oxidation  of  Rhumnose. 


1-4° 
1-2° 

0-8" 

0-4° 

0° 

0-4° 
0-fi° 

^ 

^. 

X 

^-^ 

o\ 

\ 

. 

< 

^ 

N. 

^^^ 

-—- 

- 

2/5 


4/5  6/5  8/5  10/5         r2/5 

Gram-moleculcs  of  hydrogen  peroxide. 


14/5 


The  substance,  whicli  is  of  a  yellow  colour,  was  deposited  from  benzène 
in  nodular  aggregates. 

The  curve  for  rhamnose  ([a]D  +7-35°)  shown  in  Fig.  3,  after  the 
addition  of  1  gram-atom  of  oxygen,  is  that  fora  Isevorotatory  solution. 
The  angle  diminished  in  one  experiment  from  +1'47°  to  -0*4°  for 
an  addition  of  1  gram-atom  of  oxygen.  If  the  amount  of  the 
oxidising  agent  is  increased  up  to  4  atoms,  the  fall  in  angle  is  very 
slow,  attaining  a  maximum  at  3  atoms  of  -  0-6°,  and  rising  to  -  0  4° 
after  4  gram-atoms  of  oxygen  hâve  been  added.  After  the  addition 
of  2  gram-atoms  of  oxygen,  the  osone  was  found  to  be  présent  in 
very  small  quantities,  and  the  Isevorotatory  power  must  be  due  to 
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tlie  présence  of  an  acid  which  might  be  rhamnonic  acid.  The 
disappearance  of  tlie  osone  after  the  addition  of  2  gram-atoms  of 
oxygen  would  point  to  the  laevorotatory  power  being  due  to  an  acid 
or  aoids  formed  from  the  osone.  The  first  acid  formed  from  the 
osone  would  be  a  keto-acid,  which  would  undergo  further  oxidation 
to  yield  tvvo  acids,  oxalic  or  glyoxylic  acid  and  a  monobasic  dihydroxy- 
acid  ;  this  in  turn  would  be  oxidised  further,  although  in  what  way 
it  is  impossible  to  predict.  The  formation  of  simpler  acids,  the 
activity  of  which  is  small,  from  the  laevorotatory  keto-acid  will 
account  for  the  small  angular  diminution  conséquent  on  the  addition 
of  more  than  1  gram-atom  of  oxygen.  Référence  to  the  table  on 
page  286  shows  that  the  acidity  is  greater  than  that  of  an 
arabinose  solution  and  the  diminution  iu  reducing  power  is  more 
decided.  A  good  deal  of  attention  bas  been  paid  to  rhamnose, 
since  the  properties  of  this  sugar  hâve  been  examined  more  fully,  aod 
the  peculiar  change  in  sign  of  the  rotation  angle  merited  some  con- 
sidération. In  one  oxidation,  where  1  gram-atom  of  oxygen  was 
used,  it  was  shown  that  this  change  of  sign  was  due  to  an  acid,  pre- 
cipitated  by  basic  lead  acétate,  leaving  the  filtrate  slightly  dextro- 
rotatory.  The  basic  lead  sait,  on  décomposition,  yielded  a  Isevorota- 
tory  solution,  which  reacted  slowly  with  phenylhydrazine  to  give  a 
dark  i-ed  precipitate.  The  amount  of  lead  sait  formed  was  so  small 
that  purification  was  impossible,  and  it  was  thought  that  by  employ- 
ing  larger  quantities  of  the  oxidising  agent  the  weight  of  the  basic 
le\d  acétate  precipitate  might  be  increased.  Two  and  four  atoms  of 
oxygen  were  used  and  more  workable  quantities  of  the  basic  lead 
salts  were  obtained.  After  removal  of  the  insoluble  lead  salts,  the 
solution  was  found  to  be  slightly  lœvorotatory,  and  where  four  gram- 
atoms  of  oxygen  were  used  the  filtrate  was  inactive,  a  fact  which  points 
to  the  complète  disappearance  of  the  original  sugar.  The  normal  lead 
acétate  precipitate  was  found  to  consist  chiefly  of  lead  oxalate  and  i 
sulphate.  Thèse  were  transformed  into  their  calcium  salts.  The 
calcium  sulphate  was  removed  by  washing  with  water  and  acetic  acid, 
and  analysed  ;  the  calcium  oxalate  lef  t  was  reduced  by  sodium  amalgam 
to  glyoxylic  acid,  which  was  confirmed  by  the  Hopkins  reaction  with 
tryptophan  {Proc.  Roy.  Soc,  1901,  68,  21).  Moi-eover,  a  calcium 
détermination  and  estimation  by  standard  permanganate  confirmed  the 
presenc3  of  the  calcium  oxalate.  From  the  basic  lead  acétate  pre- 
cipitate, when  four  atoms  of  oxygen  were  used,  a  calcium  sait  was 
obtained  which  contained  Ca=  18*87  and  18'91  per  cent.;  it 
reduced  Fehling's  solution  and  reacted  readily  with  substituted 
hydrazines,  such  as  phenylhydrazine  and  ^>bromophenylhydrazine, 
but  the  products  did  not  admit  of  recrystallisation  from  solvents  ; 
moreover,  the  sait  was  not  calcium  glyoxylate,  although  it  answered 
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ail  the  tests  for  glyoxylic  acid  except  Hopkins's  reaction  and  the 
aniline  test.  With  two  atoms  of  oxygen,  the  normal  lead  acétate 
precipitate  yields  in  addition  to  oxalic  acid  a  calcium  sait  which  is 
partially  soluble  in  alcohol,  and  the  insoluble  and  soluble  portions 
contain  nearly  the  same  percentage  of  calcium,  namely,  16'87  and 
17"14.  It  is  impossible  to  assign  with  any  confidence  a  formvila  to 
thèse  salts,  because  their  purity  cannot  be  guaranteed,  but  it  is  of 
some  interest  that  both  calcium  salts  prepared  in  the  same  way  react 
with  phenylhydrazine  acétate  readily,  and  with  increasing  amount  of 
hydrogen  peroxide  the  calcium  percentage  is  increased.  Until  more 
characteristic  reactions  of  ketohydroxy-acids  are  discovered,  the  com- 
plète identification  of  acid  products  of  the  oxidation  of  the  sugars 
will  continue  to  be  exceediugly  difiicult. 


Other  Methods  of  Pr&paring  Osones. 

As  in  the  préparation  of  arabinosone  by  Fischer  and  E.  F,  Arm- 
strong's  method  (loc.  cit.)  fairly  large  quantities  of  rhamnosone  can 
be  prepared  from  rhamnosazone  by  the  action  of  benzaldehyde.  In 
one  experiment,  5  grams  of  rhamnosazone  were  added  slowly  to  1  litre 
of  boiling  water  containibg  5  grams  of  benzaldehyde,  the  latter  being 
kept  in  solution  by  the  previous  addition  of  120  ce.  of  absolute 
alcohol,  After  boiling  for  an  hour,  the  benzaldehydehydrazoce  and 
unattacked  rhamnosazone  were  filtered  off,  and  the  riltrate  treated  in 
the  manner  described  under  arabinose.  From  the  concentrated 
solution,  nearly  0'9  gram  of  rhamnosazone  (m.  p.  178°)  was  obtainçd 
by  treatment  with  phenylhydrazine  acétate.  It  was  thought  that  if 
an  aldéhyde  were  useJ  which  yielded  a  hydrazone  more  insoluble  in 
alcohol  than  benzaldehydehydrazone,  the  formation  of  an  osone  would 
proceed  even  in  absolute  alcoholic  solution.  o-Nitrobenzaldehyde  was 
employed  and  it  was  found  that  1  gram  of  the  scarlet  o-nitro- 
benzaldehydehydrazone  was  soluble  in  50  ce.  of  80  per  cent,  hot 
alcohol,  and  crystallised  on  cooling  in  scarlet  needles,  Five  grams  of 
rhamnosazone  were  dissolved  in  100  ce.  of  90  per  cent,  alcohol, 
8  grams  of  o-nitrobenzaldehyde  and  150  ce.  of  hot  water  added 
successively,  and  the  liquid  was  heated  for  some  time  on  the  water- 
bath.  On  cooling,  the  osazone  and  unattacked  o-nitrobenzaldehyde 
separated  out  ;  it  seemed  as  if  very  little  action  had  taken  pkue 
between  the  two  substances,  At  125°,  the  two  substances  reacted  ; 
5  grams  of  rhamnosazone  dissolved  in  100  ce.  of  50  per  cent,  alcohol 
and  heated  with  8  grams  of  o-nitrobenzaldehyde  in  a  sealed  tube  for 
2  hours,  gave  a  quanti ty  of  osone  which  yielded  0'3  gram  of 
rhamnosazone  (m.  p.  178°).  If  tire  température  were  raised  to  140° 
and  the  heating  prolonged  to  8  hours,  no  osone  could  be  detected. 
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When  4'5  grams  of  glucosazone  were  lieated  with  11  "5  grams  of 
0  nitrobenzaldehyde  in  a  55  per  cent,  alcoholic  solution  at  100°  in  a 
sealed  tube,  no  o-nitrobenzaldehydehydrazone  was  formed  ;  at  125° 
the  reaction  commenced,  and  the  scarlet  hydrazone  appeared.  TLe 
contents  of  the  tube  were  diluted  with  water,  and  the  unattacked 
glucosazone  and  o-nitrobenzaldehyde  were  filtered  off.  The  last  traces 
of  o-nitrobenzaldehyde  were  removed  by  ether,  and  the  aqueous 
solution,  after  concentration  in  a  vacuum,  reacted  with  phenylhydrazine 
at  the  ordinary  température  to  give  glucosazone  (m.  p.  205°).  The 
yield  of  regenerated  glucosazone  was  17  per  cent,  of  the  original 
weight  of  glucosazone. 

Autoxidation  Experivients  tvith  Benzaldehyde. 

lustead  of  using  hydrogen  peroxide  as  oxidiser,  oxygen  might  be 
rendered  active  in  the  présence  of  an  inductor,  such  as  benzaldehyde. 
Engler  and  Wild  {Ber.,  1897,  30,  1669)  state  that  the  interaction  of 
oxygen  and  benzaldehyde  gives  benzoyl  peroxide  and  hydrogen  per- 
oxide. If  the  aldéhyde  alone  be  exposed  to  the  oxygen,  the  product 
will  be  benzoic  acid.  Bodlander  (Ahrens'  Sammlung,  3,  470)  assumed 
that  benzoyl  hydrogen  peroxide,  C,3H5*CO'0*OH,  was  formed,  which 
acted  as  a  powerful  oxidising  agent.  It  was  thought  that  it  would  be 
interesting  to  investigate  whether  benzaldehyde  would  accelei-ate  the 
oxidation  of  the  sngars  in  the  présence  of  ferrous  sulpLate. 

A  stream  of  oxygen  or  air  was  drawn  slowly  through  a  fructose 
solution  containing  benzaldehyde  and  traces  of  ferrous  sulphate  in 
suspension,  The  oxidation  of  the  iron  was  very  rapid  ;  after  a  few 
hours,  the  ferrous  iron  reappeared,  disappearing  when  more  air  was 
passed  in.  The  benzaldehyde  gradually  darkened  in  colour  and 
became  pasty,  but  even  after  several  days  it  was  not  completely 
oxidised.  After  4  days'  contact  with  oxygen,  the  benzaldehyde  was 
carefully  removed  by  ether,  and  the  solution  was  freed  from  ether  by 
warming  to  40°  in  a  vacuum.  Addition  of  phenylhydrazine  acétate 
gave  an  immédiate  turbidity  and  séparation  of  glucoïazone,  which  in 
3|  hours  at  the  ordinary  température  amounted  to  0  4  gram  from  10 
grams  of  fructose  and  melted  on  recrystallisation  at  202 — 203°  (yield, 
02  gram).  A  blank  experiment  with  2  grams  of  fructose  in  20  ce. 
of  water,  a  drop  of  ferrie  chloride,  and  sodium  acétate,  tested  with 
phenylhydrazine  acétate,  gave  during  the  same  time  an  exceedingly 
slight  precipitate.  In  experiments  conducted  with  glucose,  it  was 
found  that  the  oxidation  was  very  mvich  slower  than  in  the  case  of 
fructose,  although  when  the  stream  of  oxygen  was  eut  off  ferrous  iron 
reappeared,  which  was  immediately  oxidised  by  bubbling  in  more 
oxygen.     After  4  days,  the  benzaldehyde  was  removed  by  ether   and 
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the  solution  tested  for  glucosone  by  means  of  phenylbydrazine  acétate 
uader  exactly  the  same  conditions  as  in  the  case  of  fructose,  The 
yield  of  glucosazone  from  15  grams  of  glucose  was  0*2  gram  (m,  p. 
204°),  less  than  one-third  of  what  was  furnished  by  fructose.  Galac- 
tose was  found  to  be  oxidised  slightly  under  the  same  conditions.  The 
benzaldehyde  during  the  oxidation  changed  to  a  semi-solid,  brown 
mass,  as  if  some  of  the  ferrie  iron  had  been  absorbed  into  the  mix- 
ture of  benzaldehyde  and  benzoic  acid.  In  the  présence  of  manganèse 
sulphate,  no  change  could  be  observed, 

It  was  noticed  that  on  bubbling  air  for  3  hours  through  a  solution 
of  fructose  containing  ferrous  sulphate  and  a  few  drops  of  glacial 
acetic  acid  the  sugar  had  been  slightly  oxidised.  The  solution  reacted 
with  phenylhydrazine  acétate  at  the  ordinary  température  after  a 
quarter  of  an  hour,  but  the  yield  of  osazone  was  very  small  indeed. 
Fructose  is  invariably  more  easily  attacked  by  active  oxygen  than 
glucose. 

From  fructose,  in  the  présence  of  manganèse  sulphate,  we  were 
unable  to  obtain  a  solution  which  reacted  with  phenylhydrazine 
acétate  at  the  ordinary  température  within  3  hours.  If  manganèse 
acétate  was  présent  and  oxygen  was  bubbled  in,  a  decided  darkening 
was  noticed  which  slowly  disappeared,  but  the  oxidation  was  appar- 
ently  very  slow.  The  addition  of  alum  had  no  effect  on  the  rate  of 
oxidation.  Tne  experiments  were  carried  out  in  diffused  daylight 
only. 

Experlinents  with  Rxdlum  Bromlde  as  CatahjliG  Agent. 

Experiments  on  the  action  of  radium  salts  were  performed  to  find 
out  whether  the  /?-  and  y  rays  from  radium  bromide  wovild  accelerate 
the  oxidation  of  fructose  by  air  in  the  présence  of  ferrous  sulphate. 
Unfortunately,  the  results  are  up  to  the  présent  négative,  but,  neverthe- 
less,  a  somewhat  curions  effect  was  obtained  in  the  course  of  the  work. 
It  was  thoughb  that  the  change  would  be  exceedingly  small  and 
difficult  to  measure.  From  the  cur?es  given  in  the  earlier  part  of  the 
paper,  it  is  évident  that  the  diminution  in  angle  is  proportional  to  the 
amount  of  oxidising  agent  présent.  The  experiments  performed  con- 
sisted  in  exposing  a  20  per  cent,  aqueous  solution  of  fructose,  contain- 
ing 1  per  cent,  of  crystallised  ferroas  sulphate  and  0'03  per  cent. 
of  mercuric  chloride,  in  a  thin  glass  dish  or  ebonite  vessel  with  a  mica 
bottom  to  the  action  of  the  )8- and  y-rays  from  5  milligrams  and  20  milli- 
grams  of  radium  bromide.  In  order  to  prevent  ovaporation,  the  dish 
resting  on  the  capsule  containing  the  l'adium  bromide  was  placed  in  the 
dark  in  a  large  bell-jar  containing  a  vessel  fiUed  with  water  to  which 
a  trace  of  mercuric  chloride  had  been  added. 

An  exactly  similar  solution  was  placed  in  anoLher  bell-jar  and  kept 
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in  tlie  dark  and  at  the  same  température  to  serve  as  a  blank  expert 
ment.  In  a  second  séries  of  experiraents,  the  sugar  solutions  were 
kept  in  a  bell-jar  which  contained  5  per  cent,  sodium  cliloride  solution. 
In  a  third  séries,  the  radium  capsule  was  placed  over  the  sugar  solu- 
tion. The  solutions  were  examined  in  an  "  inversion  "  tube,  whereby 
a  constant  température  was  secured  by  the  water-jacket  of  the 
observation  tube.  The  polarimeter  employed  was  a  triple  field 
apparatus,  which  could  be  read  accurately  to  0*02°.  In  a  fourth 
séries  of  experiments,  a  glass  tube  containing  5  milligrams  of  radium 
bromide  was  left  in  contact  with  a  sugar  solution,  containing  ferrons 
sulphate,  in  a  sealed  flask  fiiled  with  oxygen  and  kept  in  the  dai'k  for 
several  weeks.  In  ail  cases,  a  similar  blank  experiment  was  carried 
out  under  exictly  the  same  conditions.  In  the  first  séries  of  experi- 
ments, the  solution  over  radium  gained  in  weight,  whilst  the  blank 
solution  lost  slightly  ;  this  loss  must  hâve  been  due  to  evapoi*ation 
during  the  weighing  of  the  dish.  The  results  were  independent  of 
the  nature  of  the  vessel,  and  were  the  same  whether  glass  or  ebonite 
vessels  were  employed.  In  six  days,  13*7495  grams  of  a  20  per  cent, 
fructose  solution  gained  0"0695  grams,  whilst  the  blank  solution  lost 
0  0 15  gram  (the  solutions  were  weighed  every  day).  The  solution 
over  radium  showed  a  slight  diminution  in  optical  activity,  and  was 
less  by  0*25°  than  the  angle  observed  in  the  blank  solution.  After 
three  weeks,  the  angle  had  diminished  by  0*7°  and  was  0-47°  less  than 
that  shown  by  the  blank  experiment.  The  two  solutions  possessed  the 
same  acidity,  and  showed  no  différence  in  their  behaviour  towards 
phenylhydrazine  acétate  ;  in  neither  case  was  there  au  immédiate  pre- 
cipitate  of  glucosazone. 

In  the  second  séries  of  experiments,  it  was  found  that  the  solution 
in  a  glass  vessel  over  which  20  milligrams  of  radium  were  placed  lost 
weight  faster  than  the  blank  solution,  and  the  angle  increased 
slightly  iu  conséquence.  After  3  weeks,  the  angles  differed  only  by 
0-48". 

In  the  fourth  séries  of  experiments,  after  5  days  there  was  abso- 
lutely  no  change  in  the  angles  observed  in  the  solution  in  the  flask 
containing  5  milligrams  of  radium  bromide,  and  in  the  blank  experi- 
ment, even  after  3  weeks'  exposure, there  was  no  change  in  the  angle. 
The  results  may  be  summarised  as  follows  :  oxygen  does  not  alter 
the  rotation  of  a  fructose  solution  in  the  présence  of  ferrons  sulphate 
when  the  solution  is  kept  in  a  large  flask  in  the  dark  even  after  5  days 
(compare  Fenton  and  Jackson,  Ti-ans.,  1899,  85,  10),  and  it  does  not 
alter  the  rotation  of  a  similar  fructose  solution  under  the  same  con- 
ditions in  the  présence  of  a  tube  containing  5  milligrams  of  radium 
bromide  even  after  3  weeks.  The  changes  in  weight  and  small  différ- 
ences in  angles  observed.  must  be  due  to  altérations  in  the  concentra- 
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lions  of  tlie  solutions.  Probably  the  émanations  h-oni  the  radium 
bromide,  by  setting  up  convection  currents,  accelerate  the  evaporation 
from  the  WAter  to  the  sugar  solution  in  the  first  séries  of  experiments, 
and  from  the  sugar  to  the  sait  in  the  second  séries.  When  the  radium 
capsule  in  the  bell-jar  was  insulated  from  the  surrounding  air  by  means 
of  ebonite  and  thick  glass,  the  dilïerences  in  the  weight  of  the  two 
solutions  were  much  diminished,  and  there  was,  after  10  days,  no  altéra- 
tion of  optical  activity  in  the  two  cases.  The  sait  solution  used  had  a 
greater  osmotic  pressure  than  thd  fructose  solution,  and  the  pi'esence 
of  a  trace  of  mercuric  chloride.  preeluded  any  intervention  of  ferments. 
Thèse  experiments  were  brought  to  an  abrupt  conclusion  by  the  20  milli- 
grams  of  radium  bromide  in  the  capsule  absorbing  water  through  the 
cover  and  losing  their  radioactivity. 

The  authors  désire  to  acknowledge  gi'atefully  the  receipt  of  a 
Government  Grant  from  the  Eoyal  Society  with  the  aid  of  which  this 
investigation  lias  been  carried  out. 
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XXXVI. — The   Réduction   of  hoPhthcdic   Acid. 

By  William  Henry  Perkin,  jun.,  and  Samuel  Shrowder  Pickles. 

DuRiNG  the  course  of  his  classical  researches  on  the  reductio?i  of 
benzène  and  its  derivatives,  Baeyer  devoted  mut  h  time  and  labour 
more  especially  to  the  investigation  of  the  products  formed  during  the 
réduction  of  phthalic  acid  and  of  terephthalic  acid. 

By  devising  nevv  pi^ocesses  of  réduction  and  employing  systematic 
and  most  skilful  methods  of  séparation,  Baeyer  was  able  in  both  cases 
not  only  to  solve  the  intricate  problem  of  the  nature  of  the  réduction 
products,  but  also  to  establish  cleai-ly  the  constitutions  of  the  many 
acids  formed  from  the  original  réduction  products  by  varions  processes 
of  intramolecular  change. 

The  papers  in  which  the  results  of  thèse  exceedingly  difiicult 
investigations  are  published  must  always  rank  as  among  the  most 
important  in  the  whole  range  of  organic  chemistry,* 

Whilst  then  the  mechanism  of  the  réduction   of   phthalic  and  tere- 

*  See  especially  Annalen,  1888,  245,  103  ;  1SS9,  251,  257  ;  1889,  256,  1  ;  1890, 
258,  1,  145  ;  1891,  266,  159  ;  1892,  269,  3  45;  1893,  276,  255. 
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phthalic  acids  may  be  said  to  be  well  understood,  very  little  bas  so  far 
been  done  to  solve  tbe  problem  in  the  case  of  wophtbalic  acid.  The 
first  mention  of  the  behaviour  of  this  acid  on  réduction  is  to  be  found 
in  a  paper  published  by  Baeyer  in  1886  {Ber.,  19,  1806),  in  which  it 
is  stated  that  réduction  takes  place  with  much  greater  difficulty  than 
in  the  case  of  terephthalic  acid.  After  boiling  2  grams  with  sodium 
amalgam  for  3  days,  an  acid  was  isolated  which  melted  at  199°  and 
gave,  on  analysis,  numbers  agreeing  with  tbose  required  for  a  tetra- 
hydio/sophthalic  acid.  In  1891,  one  of  the  présent  authors  (Perkin 
Trans.,  59,  808)  succeeded  in  preparing  the  cis-  and  ir«ns-modifications 
of  hexahydroisophthalic  acid  synthetically,  the  proce&s  employed  being 
the  foUowing. 

Ethyl  hexamethylenetetracarboxylate  was  first  obtained  by  digesting 
the  disodium  derivative  of  ethyl  pentanetetracarboxylate  with  méthyl- 
ène iodide, 

/CH./CNa(C02Et).,  /CB..^'C{QO.,'^i\ 

CH/        "  "  +  CH.Jo   =   CH/  >CH2      +  2NaI, 

^CH^-CNa(C0,Et)2  "  "  '  ^CH2-C(C0^Et)^, 

and  subsequently  this  same  ester  was  prepared  more  conveniently  by 
Perkin  and  Prentice  (Trans.,  1891,  59,  990)  by  acting  on  the  di- 
sodium derivative  of  ethyl  propanetetracarboxylale  with  trimethylene 
dibromide  : 


CH.,< 


The  hexamethylenetetracarboxylic  acid  obtained  from  this  ester  by 
hydrolysis  is  decomposed  when  heated  at  200°  with  élimination  of 
carbon  dioxide  and  formation  of  the  cis-  and  <ra?zs-modificatioDS  of 
hexahydroîsophthalic  acid  : 

H      CO.H  COoH  H 

\/    "  \/ 

H,  H, 

cis  (ra.  p.  160°).  trans  (m.  p.  120').* 

Shortly  after  this,  Baeyer  and  Villiger  (Annalen,  1893,  276,  255) 
obtained  thèse  cis-  and  ^/•arts-modifications  of  hexahydroisophthalic 
acid  from  wophthalic  acid  by  réduction,  and  showed  that  the  acids 
thus  prepared  agrée  in  their  properties  exactly  with  those  which  had 
previously  been  obtained  synthetically. 

*  Further  e.\periments  on  thèse  synthèses  havc  shown  that  this  nielting  point  is 
piobably  a  good  deal  toc  low. 


CHoBr         NaC(COoEt)., 

/CH./C(CO.,Et)., 
=      CH/        "    >CH.,    ^+    2NaBr. 

'  ^CHo'C(COoÉt)., 

+           >CH,    "     = 

CHoBr         NaC(COoÉt)., 
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Duiiug  the  course  of  a  long  seiies  of  experiments  on  the  coustitation 
of  a  number  of  substances  belonging  to  the  cimplior  group,  it  seemed 
at  one  time  probable  that  some  of  thèse  might  be  derived  from, 
or  closely  allied  to,  one  of  the  possible  tetrahydroisophthalic 
acids. 

It  vvas  therefore  thought  advisable  to  prépare  and  cbaracterise  thèse, 
at  that  time,  uuknown  acids.  Preliminary  experiments  showed  at 
once  that  the  problem  wasan  exceedingly  ditficult  one,  and  ail  attempts 
which  were  then  made  to  effect  a  séparation  of  the  mixture  of  acids 
formed  by  the  réduction  of  isophthalic  acid  witli  sodium  amalgam  were 
fruitless,  and  only  served  to  confirm  the  expérience  of  Baeyer  and 
Villiger  [Annalen,  1893,  276,  259),  who  had  previously  experimentfd 
with  this  mixture.  Thèse  authors  describe  the  results  of  their  expéri- 
ence in  the  foUowing  words  :  "  Aile  Versuche,  aus  dem  rohen  Eeduc- 
lionsproducte  eine  zur  Untersuchung  hinreichende  Meoge  einer 
einheitlichen  Saura  zu  isoliren,  blieben  bisher  resultatlos."  Since, 
however,  the  problem  was  an  exceedingly  interesting  one,  it  was 
decided  4  years  ago  to  attempt  again  the  teparation  of  this  mixture  of 
acids,  and  after  many  failures  we  were  ultiraately  able  to  accomplish 
this.  During  the  course  of  our  experiments,  we  discovered  that  when 
the  réduction  is  carried  oub  under  very  carefully  observed  conditions, 
d'  scribed  in  détail  in  the  expérimental  part  of  this  paper,  the  product 
consists  almost  entirely  of  two  tetrahydro/sophthalic  acids  (A  and  B), 
which  hâve  apprcximately  the  same  melting  points  and  the  tame  solu- 
bility  in  water  and  other  solvents.  As  theie  was  no  pos&ibility  of 
separating  thèse  acids  by  crystallisation,  a  careful  study  of  a  long 
séries  of  their  salts  was  made,  and  it  was  then  found  that,  alihough 
the  calcium  salts  of  both  acids  ai'e  soluble  in  water,  the  différence  in 
solubility  is  sufficiently  great  to  allow  of  their  séparation. 

When  thèse  acids  had  been  separated,  they  were  readily  converted 
into  two  other  acids  (C  and  D),  and  we  can  now  give  a  short  sketch 
of  such  of  the  properties  of  thèse  acids  as  ave  of  spécial  importance  in 
deciding  their  constitutions. 

The  acid  (A)  from  the  less  soluble  calcium  saltmeltsat  168°,  yields  a 
solid  anhydride  (m.  p.  78°),  and,  when  heated  with  caustic  potash  or 
hydrochloric  acid,  is  converted  by  intramolecular  change  into  a  very 
sparingly  soluble  tetrahydroî'sophthalic  acid  (D),  which  melts  at  244^^ 
This  acid  (D)  is  converted  into  the  anhydride  of  (A)  by  digesting  with 
acetic  anhydride  and  distilling  the  product  under  reduced  pressure. 
The  acid  (B),  the  calcium  sait  of  which  is  readily  soluble  in  water, 
meks  at  about  165°,  and,  when  heated  with  hydrochloric  acid  at  170°, 
yields  a  very  sparingly  soluble  tetrahydro/sophthalic  acid  (0),  which 
melts  at  225 — 227°. 

If  we  consider  the  question  of  the   possible   modifications  of  tctra- 
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hyd^o^sopbthalic  acid,  we  see  that  the  following  structiirally  différent 
acids  should  exist  :  * 

XXX 

/\  /\  /\ 

I     ilx  I      Ix  I      Ix 

A-.  A^  A^. 

and  it  is   also   obvions  that  A'*-tetrahydro?sophtlialic   acid  should   be 
capable  of  existing  in  cis-  and  ^?*rt?is-modifications  : 

H— X  X— H 


lïïXX  ^HXX 


There  are  thus  in  ail  four  tetrahydrowophthalic  acids,  and  it  follows 
therefore  that  in  isolating  the  acids  A,  B,  C,  and  D  we  hâve  prepared 
ail  the  possible  modifications  of  tetrahydroî'sophthalic  acid.  Further- 
more,  the  investigation  of  thèse  acids  has  yielded  results  which,  as  it 
seems  to  us,  point  cleai'ly,  if  perhaps  not  conclvisively,  to  the  con- 
stitution which  is  to  be  assigned  to  each  of  thèse  four  acids. 

For  a  long  time  the  peculiar  relationships  which  were  found  to 
exist  between  thèse  acids,  relationships  quite  diiïerent  in  many  ways 
from  those  met  with  in  Baeyer's  investigations  of  the  tetrahydro- 
derivatives  of  phthalic  and  terephthalic  acids,  made  the  problem  of 
assigning  definite  constitutional  formulée  to  them  more  tban  ordi- 
narily  difficult.  In  the  first  place,  although  it  is  only  possible  for  one 
pair  of  acids  to  be  cis-  and  ^ra7<s-isomerides,  we  hâve  found  that  two 
pairs  show  the  reactions  which  are  usually  associated  with  such 
modifications. 

(a)  The  readily  soluble  acid  A  is  converted  into  the  sparingly 
soluble  acid  D  by  heating  with  hydrochloric  acid,  and  conversely  the 
acid  D  yields  the  anhydride  of  the  acid  A  Avhen  it  is  heated  with 
acetic  anhydride  and  the  product  distilled. 

(b)  The  readily  soluble  acid  B  is  convei'ted  into  the  sparingly 
soluble  acid  C  when  heated  with  hydrochloric  acid. 

Obviously,  then,  f urther  évidence  is  necessary  before  it  is  possible 

*  X  =  COoH.     The  scheme  of  numbeiing  employed  in  tliis  paper  is  as  follows  : 


The  nomenclature  and  type  of  formula  used  are  the  same  as  those  which  Baeyer 
has  adopted  in  his  researches  on  the  réduction  of  phthalic  and  terephthalic  acids. 
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to  décide  which  of  the  pairs  (a)  or  (5)  représenta   the  cis-  and  trans- 
modifications  of  A^-tetrahydroisophthalic  acid. 

Tiie  considérations  which  hâve  weighed  most  with  us  in  our  attcmpt 
to  décide  the  constitution  of  thèse  acids  were  the  following. 

The  formula  of  the  A^-acid, 

X 


contains  a  double  linking  in  the  /3y-position  to  otio  of  the  carboxyl 
groups,  and  it  is  well  known  from  the  investigations  of  Baeyer  and 
others  that  an  acid  of  this  constitution  undergoes  intramolecular 
change  when  boiled  with  caustic  potash,  the  double  linking  in  this 
position  wandering  to  the  a/?-position.  Now  the  acid  D  is  stable  to 
caustic  potash,  and  therefore  ît  cannot  contain  a  double  linking  in 
the  ;8y-position,  or,  in  other  words,  it  cannot  be  the  ^?'rt/<s-modification 
of  A'^-tetrahydro/sophthalic  acid.  The  exclusion  of  the  acid  D  leaves 
ouly  one  other  which  can  possibly  be  this  ^rfms-modification,  and  that 
is  the  sparingly  soluble  acid  C,  which,  as  stated  above,  is  obtained 
from  the  acid  B  by  the  usual  process  of  converting  a  cis-modification 
into  the  corresponding  ^rcms-modification,  namely,  by  heaticg  with 
hydrochloric  acid  at  170^, 

This  argument  seems  to  us  to  prove  that  the  acids  B  and  C 
must  be  the  cis-  and  <ra«s-modifications  of  A*-tetrahydroisophthalic 
acid. 

It  is  next  necessary  to  consider  which  of  the  two  remaining 
formula) 

X  X 

/\  /\ 

I      llx  I      Ix 


\/- 


A-. 


represeuts  the  acid  A,  and  which  is  to  be  assigned  to  the  acid  D.  As 
bas  already  been  pointed  out,  the  double  linking  in  D  must  be  situated 
in  the  a/3-position,  because  the  acid  is  stable  to  caustic  potash.  Both 
the  above  foi-mulse  satisfy  this  condition,  but  the  second  seems  the 
more  probable  because  the  A'^-formula  still  contains  a  double  linking 
in  the  ^y-position  to  one  of  the  carboxyl  groups,  whereas  this  is  not 
so  in  the  case  of  the  A^-formula.  We  therefore  assign  the  A--formula 
to  the  readily  soluble  acid  A,  and  the  A^-formula  to  the  sparingly 
soluble  acid  D.  In  confirmation  of  this  view,  we  may  call  attention 
to  Baeyer's  investigation  of  two  acids  in  the  phthalic  séries,  the 
relationships  of  which  are  very  similar  to  thoso  of  the  A--  and  A^tetra- 
hydroisophthalic  acids. 


298  PERKIN    AND    PICKLES: 

We  refer  to  the  case  of  the  A^-  and  A--tetiahydrophthalic  acids 


The  former  contains  the  double  linking  between  the  carboxyl  groups, 
and  corresponds  therefore  with  A^-tetrahydro/sophthalic  acid,  with 
which  it  aiso  shares  the  property  of  being  very  soluble  ia  water. 

When  A^-tetrahydrophthalic  acid  is  digested  with  caustic  potash 
it  is  converted,  although  only  with  difficulty,  into  the  A^-acid,  the 
double  linking  waiidering  *  from  its  position  between  the  carboxyl 
groups  (Baeyer,  Annalen,  1890,  258,  164).  The  A^  tetrabydrophthalic 
acid  thus  formed  lias  a  constitution  analogous  to  that  of  A^-tetra- 
hydroî'sophthalic  acid,  which  is  produced  in  a  similar  manner  from  the 
A^-acid  by  the  action  of  caustic  potash,  and  it  is  interesting  to  note 
that  both  thèse  acids  are  not  only  chai"dcterised  by  being  very  sparingly 
soluble  in  water,  but  that  in  other  respects  they  also  show  similar 
properties. 

In  tins  connection,  the  following  point  may  be  mentioned  as  being 
perhaps  the  most  important.  It  bas  already  been  pointed  out  that 
A^-tetrahydro?sophthalic  acid,  when  digested  with  acetic  anhydride 
and  the  product  distille  1,  yields  the  anhydride  of  the  A^-acid  : 

X  X 

I     Jx         g^^'®^         I     llx- 


that  is  to  say,  the  wandering  of  the  double  linking  takes  place  in  the 
reverse  direction  to  that  which  is  brought  about  by  treatment  with 
caustic  potash.  Bieyer  [Annalen,  1890,  258,  202)  bas  observed  a 
similar  change  in  the  case  of  A^-tetrahydrophthalic  acid,  since  this 
acid,  when  treated  with  acetic  anhydride  and  then  heated,  yields  the 
anhydride  of  the  A^-acid  : 


I     Ix         g^^^^         I     llx- 


Thèse  examples  will  sufBce  to  illustrate  the  remai-kable  similarity 
in  properties  which  exists  between  the  A^-  and  A^-tetrabydrophthalic 

*  It  should,  liowever,  be  observed  tliat  the  change  of  A^-  into  A--tetrahydro- 
phthalic  acid  is  remarkable  in  this  respect,  that  it  nécessitâtes  the  transference  of  a 
double  linking  which  is  in  the  ai3-position  to  both  carboxyl  groups  to  a  position  in 
wliich  it  is  J87-  to  one  of  thèse  groups. 
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acids  and  the  A"-  and  A-^-tetrahydro?.sophtlialic  acids,  and  there  seems 
little  doubt  that  thèse  acids  are  analogonsly  constituted. 

The  reasons  given  above  and  other   con^^iderations  hâve  led  us  to 
the   conclusion  thercfore    that    the    constitutions   of    the   four  tetra- 
hydroîsophthalic  acids  are  most  probably  those    represented   by  the 
formulfe  : 
H^     /CO.H  H^     /CO.,H        ïïx     /COoH      CO.,H.       Al 


Xlo,  un  -CLo]  1^2  -"-2  |-"2  -^21  r^2 

H I    Jco,H      hJ.    kojs.     hI  hJ-co.,h       h' hJ-co.h 

Hg  H  H  H 

a2  (m.  p.  168°).  A3  (m.  p.  244').        cis-A''  (m.  p.  165').  fmns-A^  (m.  p.  227°). 

Readily  sohible.         Sparingly  sohible.         Readily  sohible.         Sparingly  sohible. 

In  order  to  obtain  further  confirmation  of  thèse  formulae,  a  long 
séries  of  oxidation  experiments  was  made,  more  especially  with  the 
A--  and  A''-acids  (see  pp.  306,  308).  It  seemed  possible  that  dégrada- 
tion products  might  resuit  which  would  place  the  constitution  of  thèse 
acids  beyond  doubt,  but  this  did  not  prove  to  be  the  case.  Oxidation 
with  permanganate  bas  frequently  been  found  to  be  of  great  value  as 
a  means  of  ascertaining  the  constitution  of  unsaturated  acids,  but  it 
has  repeatedly  failed  in  the  case  of  ring  compounds.  It  seems  to  be 
more  destructive  in  its  action  on  unsaturated  acids  containing  a 
closed  ring,  breaking  them  down  into  acids  which  contain  a  smaller 
number  of  carbon  atoms  than  might  hâve  been  expected.  Baeyer 
{An)iale7i,  1890,  258,  163  and  164)  also  found  that,  with  one  excep- 
tion, oxidation  with  permanganate  proved  to  be  of  little  value  as  a 
means  of  obtaining  évidence  of  the  structure  of  the  réduction  products 
of  phthalic  acid. 

In  the  expérimental  part  of  this  paper  will  be  found  a  description 
of  the  monobromo-  and  dibromo-hexahydroisophthalic  acids  which  were 
obtained  from  the  varions  tetrahydro-acids  by  the  addition  of  hydro- 
bromic  acid  or  of  bromine,  and  other  derivatives  are  also  described 
the  spécial  mention  of  which  is  unnecessary  in  this  introduction.  We 
should,  however,  like  to  call  attention  to  one  interesting  point,  and 
that  is  to  our  failure  to  isolate  even  a  trace  of  a  dihydrofsophthalic 
acid  from  among  the  products  of  the  réduction  of  isophthalic  acid  with 
sodium  amalgam.  In  his  investigations  of  the  réduction  products  of 
phthalic  and  terephthalic  acids,  Baeyer  has  shown  that  the  products 
first  formed  are  always  dihydro-derivatives,  and  thèse  he  was  able  to 
isolate  without  difficulty  in  each  case.  Possibly  the  following  con- 
sidérations, based  on  an  interesting  suggestion  of  'Bxejer  {An7ialen, 
1892,  269,  172),  may  supply  a  reason  for  this  curions  différence  in 
the  behaviour  of  z'sophthalic  acid. 

The  mechauism  of  the  process  of  réduction  of    phthalic  and  tore- 
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phthalic  acids  is  that  hydrogen  atoms  attach  themselves  in  the  first 
instance  to  the  carbon  atoms  which  carry  the  carboxyl  groups,  an 
addition  which  in  some  cases  nécessitâtes  a  rearrangement  of  the 
valencies.  Thus  the  first  product  of  the  réduction  of  phthalic  acid  is 
A-^'^-dihydrophthalic  acid  : 

,H 


-^i^^x    ^,^,,^    r  i<x 


\!/  l\  J< 


and,   in    a    similar    manner,    the    first    product    of    the    réduction    of 
fcerephthalic  acid  is  A'^ "-^-dihydroterephthalic  acid  : 


H     X 


X 

/l\ 

P    Cl  yields 

X 


H     X 


If  this  process  is  applied  to  isophthalic  acid,  it  leads  to  the  foUowing 
(unsaturated  scheme  : 


H     X 


X 

/|\  yields 


:^  "l/X 


\l/  \I/^H 

in  which  the  valencies  are  unable  to  unité  to  form  two  double 
linkings,  as  they  can  do  in  the  case  of  diliydrophthalic  and  dihydrc- 
terephthalic  acids.  The  impossibility  of  forming  a  dihydro-derivative 
in  this  way  is  suggested  by  Baeyer  as  a  possible  explanation  of  the 
fact  that  îsophthalic  acid  is  so  much  more  difficult  to  reduce  than 
either  phthalic  or  terephthalic  acid. 

It  seems  to  us  that  the  impossibility  of  the  free  valencie:?,  in  the 
dihydroï'sophthalic  acid  represented  above,  saturating  one  another  may 
be  the  reason,  not  only  why  we  hâve  not  been  able  to  isolate  a  dihydro- 
acid  from  the  products  of  the  réduction  of  isophthalic  acid,  but  may 
also  account  for  the  fact  that  tetrahydro-derivatives  are  formed  at 
once.  If  we  suppose  that  such  an  intermediate  substance  as  that 
represented  above  is  first  formed  dui'ing  the  réduction  with  sodium 
amalgam,  then  the  free  valencies,  which  cannot  saturate  one  another, 
will  naturally  combine  with  hydrogen,  and  thus  yield  at  once  tetra- 
hydroisophthalic  acids, 
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Réduction  of  iso Fhthalic  Acid* 

The  method  employée!  in  tliis  réduction  was  similar  to  that 
recommended  by  Baeyer  and  Villiger  (Anncden,  1893,  276,  258)  and 
was  briefly  as  follows  :  isophthalic  acid  (40  grams)  was  dissolved  in  a 
slight  excess  of  sodium  carbonate,  the  solution  made  up  to  300  ce, 
and  then  transferred  to  a  large  porcelain  beaker  fitted  Avith  a 
mechanical  stirrer.  Sodium  amalgam  (2-5  kilograms  of  3 '5  per  cent.) 
was  added  in  small  quantities  at  a  time,  the  liquid  being  kept  at  45° 
by  means  of  a  very  small  burner  placed  underneath  the  beaker  and, 
dui'ing  the  whole  opération,  a  steady  and  moderately  rapid  stream  of 
carbon  dioxide  was  passed.  After  two  days,  the  liquid  was  acidified 
filtered  from  a  slight  flocculent  precipitate,t  and  well  shaken  with 
three  separate  quantities  of  washed  ether,  by  which  means  prac- 
tically  the  whole  of  the  reduced  acid  was  easily  extracted.  The 
ethereal  extract  was  dried  over  calcium  chloride,  evaporated  to  a  small 
bulk,  and  the  residue,  which  soon  began  to  crystallise,  set  aside  for  a 
week  or  ten  days,  when  it  was  found  to  hâve  become  almost  solid. 

In  contact  with  porous  porcelain,  the  oily  mother  liquor  was  readily 
absorbed,  leaving  a  colourless,  crystalline  cake. 

The  porous  plates  which  had  accumulated  from  several  such 
réductions  were  extracted  with  ether  in  a  Soxhlet  apparatus  and, 
after  distilling  oiï  the  ether,  the  syrup  was  allowed  to  stand  for  some 
months,  when  it  again  became  almost  solid.  After  removal  of  the  oily 
mother  liquor  by  means  of  porous  porcelain,  the  crystalline  cake  was 
added  to  that  obtained  in  the  first  instance. 

Lastly,  the  porous  plates  were  again  extracted  and  the  extract 
digested  with  caustic  potash,  by  which  means  the  readily  soluble 
mixture  of  acids  was  converted  into  A'^-tetrahydroesophthalic  acid 
(p.  307),  which,  being  very  sparingly  soluble,  is  readily  obtained  pure 
by  recrystallisation  from  water. 

Séparation  of  A^-  and  cis-i\^-Tetrah>/droisophthalic  Acids. 

The  crude  solid  réduction  product,  obtained  as  described  in  the 
previous  section  and  which  consisted  mainly  of  the  acids  mentioned 
above,  was  dissolved  in  bot  water  and,  after  standing  for  24  hours, 
filtered  from  some  wophthalic  acid  and  small  quantities  of  A^-tetra- 
hydroî'sophthalic  acid.  The  filtrate  was  then  concentrated  and  left  for 
several  days  until  the  crystalline  cake  which  slowly  formod  did  not 

*  We  are  indebted  to  Mr.  T.  W.  D.  Gregory  for  preparing  a  rpiantity  of  tlie 
reduced  Mophthalic  acid  iised  in  tliis  research. 

t  Tins  consisted  mainly  of  unchangcd  îsophthalic  acid  and  was  nsed  again  in  a 
subséquent  réduction. 
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appear  to  increase.  After  filtering  ab  the  pump,  the  mothcr  liquor 
was  diluted,  boiled  with  animal  charcoal,  concentrated,  and  again  left 
to  crystallise.  By  repeating  this  process  over  and  over  again,  about 
80  per  cent,  of  the  original  réduction  product  was  ultimately  obtained 
as  a  liard,  colourless,  crystalline  mass,  but  several  montbs  were  required 
before  the  opération  was  complète.*  The  combined  crops  of  crystals 
were  next  dissolved  in  much  water  and  boiled  for  one  hour  with  an 
excess  of  freshly  precipitated  calcium  carbonate.  After  filtering  and 
evaporating  to  a  small  bulk,  the  liquid  becamo  semi-solid  owing  to  the 
séparation  of  the  sparingly  soluble  calcium  sait  of  A^-tetrahydroiso- 
phthalic  acid.  This  was  colîected  at  the  pump,  washed  three  times 
with  small  quantities  of  water,  and  the  mother  liquor  again  evaporated, 
when  a  further  crop  of  the  same  calcium  sait  was  obtained. 

The  opération  was  repeated  many  times  and  until  no  further 
séparation  of  calcium  sait  took  place  ;  the  combined  crops  of  crystals 
were  then  treated  as  described  in  the  next  section. 

The  aqueous  mother  liquor  of  the  calcium  sait  was  acidified  and 
repeatedly  exti-acted  with  ether,  and  the  crude  cis-A'*-tetrahydro?so- 
phthalic  acid  which  remained  after  distilling  off  the  ether  purified  as 
described  on  p.  310. 

^-Tc,trahydro\%opldlialiG  A  eu!.. 

In  preparing  this  acid,  the  sparingly  soluble  calcium  sait,  mentioned 
in  the  previous  section,  was  recrystallised  and  then  decoœposed  by  a 
slight  excess  of  hydrochloric  acid.  The  solid  acid  was  colîected  at  the 
pump  and  dissolved  in  a  little  hot  water,  from  which  it  separated  as  a 
glistening,  crystalline  powder  which,  under  the  microscope,  was  seen  to 
consist  of  striated  masses  without  definite  shape. 

0-1876  gave  0-3854  CO2  and  0-1010  H^O.     C  =  561  ;  H  =  6-7. 
0-2090     „     0-4332  CO2    „    0-1156  HgO.     C  =  56-4;  H  =  6-l. 
CgHjoO^  requires  0  =  56-4  ;  H  =  5-9  per  cent. 

^--Tetrahydroi&ojyhthalic  acid  melts  at  168°  and  is  very  readily 
soluble  in  water,  alcohol,  and  acetic  acid,  but  sparingly  so  in 
benzène,  chloroform,  light  petroleum,  and  concentrated  hydrochloric 
acid. 

It  is  not  very  readily  soluble  in  cold  formic  acid,  and  this  solvent 
may,  with  advantage,  be  employed  for  recrystallising  the  acid. 

A   neutral   solution    of   the   ammonium    sait    of    the   acid  is   not 

*  The  last  mother  liquor,  from  which  110  further  crystals  separated  on  standing, 
was  digested  with  strong  aqueous  caustic  potash  for  ten  minutes.  On  acidifying,  a 
considérable  quantity  of  crude  A^-tetrahydroisophthalic  acid  separated,  and  after 
decolorising  with  animal  charcoal  and  twice  reciystallising  from  water  this  was 
readily  obtained  pure  (see  p.  307). 
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precipitated  by  barium  chloride,  zinc  sulphate,  or  magnésium  cliloiide, 
but  lead  acétate  causes  the  séparation  of  a  white,  caseous  precipitate 
which  is  almost  insoluble  in  water.  The  copper  sait  is  readily  obtained 
by  heating  the  aqueous  solution  of  the  acid  with  copper  acétate  and  is 
a  dark  green,  apparently  crystalline  precipitate,  which  is  very  spariugly 
soluble  in  water.  When  a  moderately  concentrated  and  slightly 
alkaline  solution  of  the  ammonium  sait  is  mixed  with  calcium 
chloride,  no  precipitate  is  produced  in  the  cold,  but  if  the  test-tube 
containing  the  solution  is  placed  in  boiling  water  the  calcium  sait 
gradually  séparâtes  in  glistening  crystals.  This  characteristic  be- 
haviour  distinguishes  the  A^  from  ail  the  other  tetrahydro/sophthalic 
acids.  A  quantity  of  the  calcium  sait  was  prepared  and  left 
exposed  to  the  air  for  a  week  before  being  analysed.  The  followicg 
déterminations  were  then  made  with  the  air-dried  sait  : 

I.  0-3332  heated  at  100°  until  constant  lost  0-0126,  or  3-8  per  cent., 
and  when  heated  with  sulphuric  acid  yielded  0-1726  CaSO^,  or  153  per 
cent. 

IL  0-3598  heated  at  100°  until  constant  lost  00156,  or  4-3  per 
cent.,  and  at  150°  the  total  loss  was  00634,  or  17-6  per  cent.  Ou 
treatment  with  sulphuric  acid,  0-1870  CaSO^  resulted,  or  15-3  per 
cent. 

III.  0-4738,  after  drying  at  100°,  lost,  at  160°,  0-0754,  or  13-9  per 
cent.,  and  yielded  0-2556  CaS04,  or  15-8  per  cent. 

C8Hg04Ca,2Mq.  requires  Ca=  15-8  ;  11^0=  17-8. 

Thèse  results  indicate  that  the  air-dried  calcium  sait  has  the 
composition  C8ll804Ca,2|Aq.  and  that  when  dried  at  100°  two 
molécules  of  water  remain  and  are  not  completely  expelled  until  about 
160°. 

The  silver  sait,  CgH^O^Ago,  was  obtained,  when  silver  nitrate  was 
added  to  the  warm  solution  of  the  calcium  sait,  as  a  white,  very 
sparingly  soluble  precipitate,  closely  resembling  barium  sulphate  in 
appearance.  After  collecting  at  the  pump,  washing  well  with  hot 
water,  and  drying  at  100°,  the  folio wing  results  were  obtained  on 
analysis  : 

I.  0-3152  gave  0-1754  Ag.     Ag  =  55-7. 
II.  0-2826    „      0-1583  Ag.     Ag  =  56-0. 


The  Anhydride. — A--Tetrahydroisophthalic  acid  is  very  sparingly 
soluble  in  cold  acetyl  chlor-ide,  but  on  boiling  in  a  reflux  apparatus 
solution  gradually  takes  place  ;  and  if,  after  heating  for  two  hours,  the 
clear  solution  is  evaporated  and  the  syrupy  residue  left  over  solid 
çaustic    potash    in    a    desiccator,    crystallisation    soon    commences. 

Y  2 
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The  crystals  are  drained  on  porous  porcelain  and  purified  by  re- 
crystallisation  from  a  mixture  of  benzène  and  light  petroleum, 
from  which  the  anhydride  séparâtes  in  well-developed,  six-sided 
plates. 

0-1914  gave  0-4450  CO^  and  0-0929  Hp.     C  =  63-4;  H  =  5-4. 
0-1731     „      0-4005  CO2    „    0-0836  HgO.     C  =  63-3  ;  H  =  5-3. 
CgHsOg  reqnires  0  =  63-2;  H  =  5-2  per  cent. 

This  anhydride  melts  at  78 — 80°,  and  when  boiled  with  water  is 
rapidly  converted  into  the  acid.  It  distils  unchanged  under  25  mm. 
pressure,  and  even  under  the  ordinary  pressure  small  quantities  may  be 
distilled  with  only  very  slight  décomposition.  It  is  readily  soluble  in 
warm  benzène  and  chloroform,  but  rather  sparingly  so  in  cold  dry  ether 
and  in  methyl  alcohol.  The  solution  in  chlorofox-m  is  only  very  slowly 
attacked  by  bromine. 

The  anilic  acid,  COgH'CgHg-CO'NH'OgHg,  is  readily  prepared  by 
adding  aniline  to  a  warm  solution  of  the  anhydride  in  benzène,  when  a 
considérable  rise  of  température  takes  place  and  crystallisation  begins 
almost  immediately.  The  voluminous  mass  of  crystals  is  collected 
at  the  pump,  washed  with  benzène,  and  recrystallised  from  dilute  acetic 
acid. 

0-1753  gave  8*6  ce.  of  nitrogen  at  13°  and  767  mm.     ]Sr  =  5-8. 
Cj^HjgOgN  requires  N  =  5-7  per  cent. 

This  anilic  acid  crystallises  from  dilute  acetic  acid  as  a  voluminous, 
woolly  mass  of  flat  needles,  melts  at  about  190 — 192°,  and  is  readily 
soluble  in  sodium  carbonate.  When  heated,  it  loses  water  and  is  con- 
verted into  a  mixture  of  substances  from  which,  by  recrystallisation 
from  alcohol,  a  substance  insoluble  in  sodium  carbonate  and  melting 
at  218°  may  be  isolated  ;  this  was  not  further  investigated. 

%Bro7nohexahydro\fiophthaliG  Acid. — Finely  divided  A^-tetrahydrotso- 
phthalic  acid  dissolves  readily  in  fuming  hydrobromic  acid  (saturated 
at  0°),  and,  on  standing,  leafy  crystals  gradually  separate  ;  af ter 
several  days,  thèse  were  collected,  washed  with  hydrobromic  acid,  and 
recrystallised  from  formic  acid,  when  prismatic  crystals  were  obtained, 
which  melted  at  187 — 189°  and  consisted  of  the  above  bromo-acid.  In 
this  behaviour,  A^-  diiïers  from  A^-tetrahydro-acid,  since  the  latter  is 
not  attacked  by  hydrobromic  acid  in  the  cold.  In  preparing  considér- 
able quantities  of  the  2 -bromo-acid,  it  was  found  best  to  beat  the 
solution  of  the  A^-tetrahydro-acid  in  hydrobromic  acid  in  a  sealed  tube 
at  100°  for  5  hours,  and  then  to  pour  the  product  into  water.  The 
precipitate  was  collected  and  recrystallised  from  formic  acid,  from  which 
it  separated  in  crusts,    which,    under   the  microscope,   were  seen    to 
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be    composed    of    prisms    liko    sugar    crystals^    twia    ciystals    heiug 
cominon. 

0-1830  gave  0-1334  AgBr.     Br  =  31-2. 

CgH^^O^Br  requires  Br  =  31-8  per  cent. 

l-BromohexahydrohopJdhalic  acicl  melts  at  187 — 189°  and  is  readily 
soluble  in  formic  acid  and  in  warm  water  ;  fi'om  the  latter,  it  crystal- 
lises  well  in  glistening  prisms.  When  boiled  with  sodium  carbonate, 
it  yields  a  substance  whicli  melts  at  about  190°  and  is  excessively 
soluble  in  water  ;  this  substance  was  net  further  investigated. 

2  :  3-Dibro7nohexahydromophthaliG  Acid. — When  A^-tetrahydrotso- 
phthalic  acid  is  exposed  over  dry  bromine  vapour  for  several  hours,  no 
apparent  change  takes  place.  If,  however,  the  acid  is  dissolved  in  a 
considérable  excess  of  liquid  bromine  and  the  solution,  after  standing 
for  half  an  hour,  is  poured  on  to  a  sbeet  of  glass  so  that  the  excess  of 
bromine  may  rapidly  evaporate,  the  crude  2  :  3-dibromo-acid  remains  as 
an  ochre-coloured  mass.  This  was  exposed  over  caustic  potash  in  a 
desiccator  until  the  last  traces  of  free  bromine  had  been  removed  and 
then  recrystallised  from  formic  acid. 

A  still  better  method  for  preparing  this  substance  is  the  folio  wing  : 
the  tetrahydro-acid  (2  grams)  is  suspended  in  chloroform  and,  after 
cooling  to  0°,  mixed  with  a  solution  of  bromine  (2  grams)  in  a  little 
chloroform.  The  colour  of  the  bromine  gradually  disappears,  and, 
after  standing  for  half  an  hour,  the  solution  is  poured  on  to  a  flat 
watch-glass  and  the  chloroform  and  slight  excess  of  bromine  allowed 
to  evaporate.  The  residue  is  then  recrystallised  from  formic  acid. 
Spécimens  prepared  by  the  above  two  methods  gave  the  following 
results  on  analysis  : 

I.  0-2385  gave  0-2689  AgBr.     Br  =  47-9. 

II.  0-2146     „      0-2431  AgBr.     Br  =  48-2. 

CgHjoO^Bro  requires  Br  =  48-5  per  cent. 

2  :  3-Dibromohexahijdroiso2)hth(dio  acid  melts  at  about  200 — 202° 
with  décomposition. 

Several  experiments  were  made  with  the  object  of  preparing  a  di- 
hydroîsophthalic  acid  by  the  élimination  of  2  ,  molécules  of  hydrogen 
bromide  from  the  2  : 3-dibromo-acid  (compare  p.  310),  but  thèse  were 
ail  unsuccessful,  When  the  dibromo-acid  is  mixed  with  excess  of 
methyl-alcoholic  potash,  potassium  bromide  séparâtes  at  once,  and  if 
the  solution  is  boiled,  evaporated  with  water  until  free  from  methyl 
alcohol,  and  then  acidified,  no  precipitate  séparâtes.  Ether  extracts  a 
viscid  oil  which  gradually  crystallises,  but  from  which  nothing  definite 
could  be  isolated. 

Similar  results  were  obtained  with  aqueous  caustic  potash  and  with 
pyridine  and  dietbylaniline. 
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Oxidation  qf  ^--Tetrahjdro'Miojjhthalic  Ackl. — A  solution  of  3  grams 
of  the  pure  tetrahydro-acid  in  1  litre  of  water  was  renclered  slightly 
alkaline  with  sodium  carbonate,  cooled  to  0°,  and  oxidised  with  a  1  per 
cent,  solution  of  permanganate,  a  sti-eam  of  carbon  dioxide  being  passed 
during  the  whole  opération. 

After  removing  the  slight  excess  of  permanganate  with  sodium 
sulphite,  the  filtrate  and  washings  of  the  manganèse  precipitate  were 
concentrated  to  100  ce.  and  then  heated  on  the  water-bath  with 
potassium  dichromate  and  sulphuric  acid  until  oxidation  was  complète. 
The  solution  was  saturated  with  ammonium  sulphate  and  extracted 
20  times  with  ether,  the  ethereal  solution  was  evaporàted,  and  the 
residue  dissolved  in  a  little  water  and  heated  in  a  sealed  tube  at  100° 
in  order  to  décompose  the  malonic  acid  derivative  which  was  evidently 
présent.  The  contents  of  the  tube  were  filtered  to  remove  a  small 
quantity  of  carbonaceous  matter,  evaporàted  to  a  small  bulk,  and 
tested  for  oxalic  acid,  which  was  found  to  be  alèsent.  On  standing 
over  sulphuric  acid  in  a  desiccator,  the  solution  yielded  crystals,  which, 
after  draining  on  porous  porcelain  and  crystallising  from  ether,  melted 
at  183°  and  consisted  of  pure  succinic  acid. 

0-1031  gave  0-1537  CO^  and  0-0489  H2O.     C  =  40-7;  H -5-3. 
CjHgO^  requires  C  =  40-7;  H  =  5-l  per  cent. 

On  mixing  a  small  quantity  of  this  ncid  with  succinic  acid,  no 
altération  in  the  melting  point  was  observable. 


Conversion  qf  A.'^-Tetrahi/drohophthalic  Acid  into  A^-Tetrahi/droiso- 
j)hthalic  Acid. 

I.  By  means  of  Caustic  Potash. — The  pure  tetrahydro-acid  was 
dissolved  in  strong  caustic  potash  solution  (sp.  gr.  1-25)  and  heated 
to  boiling  for  5  minutes.  On  acidifying,  a  very  sparingly  soluble  acid 
siparated,  which,  after  recrystallisation  from  much  water,  melted  at 
238 — 242°  and  consisted  of  AHetrahydrozsophthalic  acid. 

0-1388  gave  0-2872  COg  and  0-0755  H^O.     0  =  56-4;  H  =  G-0. 
CgHjQO^  requires  C  =  56'4  ;  H  =  59  per  cent. 

II.  By  means  of  Ilydrocldoric  Acid. — The  pure  A--tetrahydro-acid 
(2  grams)  was  heated  with  concentrated  hydrochloric  acid  (5  ce.)  and 
water  (5  ce.)  in  a  sealed  tube  at  175 — 180°  for  1  hour.  No  charring 
took  place  at  this  température,  and  the  solution  had  deposited  a  crop 
of  almost  colourless  crystals  ;  it  was,  however,  noticed  in  a  second 
experiment  that  at  190°  there  is  a  good  deal  of  décomposition  with 
déposition  of  flocks  of  carbon.  The  crystals  were  coUected  and  recrys- 
tallised  from  much  watsr,  and    in   this   way   a  sandy  precipitate  was 


THE   REDUCTION   OF   ISOPHTHALIC   ACID.  307 

obtaiiied,  which  melted  at  235 — 238°  and  consisted  of  A"-tetrahydroiso- 
phthalic  acid. 

0-126  gave  0-2608  CO.3  and  0-0685  HgO.     C  =  56-5;  H  =  60. 
CgH^^O^  requires  C  =  56-4  ;  H  =  5-9  per  cent. 

^"^-Tetrahydroi&ojyhthalic    Acid. 

This  acid  is  produced,  as  was  mentioned  in  the  last  section,  when 
A^-tetrahydroisophthalic  acid  is  either  digested  with  strong  aqueous 
caustic  potash  or  heated  with  hydrochloric  acid  in  a  sealed  tube  at 
175°.  It  was  also  obtained  in  considérable  quantities  in  an  experiment 
in  which  the  réduction  of  î'sophthalic  acid  with  sodium  amalgam  was 
carried  out  at  a  température  of  70°,  and  the  alkali  formed  was  not 
neutralised  by  passing  carbon  dioxide. 

As  a  rule,  it  was  obtained  as  an  ochre-coloured  sandy  powder,  which 
is  very  sparingly  soluble  in  water  and  melts  at  about  237 — 240"^,  but 
by  repeated  recrystallisation  from  water  and  decolorising  with  animal 
charcoal  the  acid  becomes  colourless  and  melts  at  243 — 244°. 

Under  the  microscope,  the  crystals  are  seen  to  consist  of  character- 
istic  stars  with  jagged  edges  and  theappearance  is  quite  dilîerent  from 
that  of  any  of  the  other  tetrahydroisophthalic  acids. 

0-1784  gave  0-3703  CO.^^  and  0-0974  HgO.     C  =  56-6  ;  H  =  6-1. 
CgU^oO^  requires  C  =  56-4;  H  =  5-9  per  cent. 

A^-2^etrahi/droho2)hthalic  acid  *  is  an  exceedingly  stable  substance 
and  is  only  slowly  decomposed  even  whea  fused  with  caustic  potash, 
and  when  heated  in  small  quantities  in  a  test-tube  it  distils  apparently 
unchanged,  since  the  sablimate  melts  without  recrystallisation  at 
233 — 237°.  It  is  sparingly  soluble  even  in  boiling  water,  but  dissolves 
readily  in  boiiiug  formic  acid  (sp.  gr.  1-22)  and  séparâtes  on  cooling  in 
glistening,  microscopic  scales  which  hâve  no  definite  shape.  ïhat  it  is 
unsaturated  is  shown  by  the  fact  that  its  solution  in  sodium  carbonate 
instantaneously  decolorises  permanganate.     The   basicity  of  the  acid 

*  In  a  short  commuuicatiou  on  the  réduction  products  of  triniesic  acid  (Lawrence 
and  Perkin,  Proc,  1901,  17,  48),  it  was  stated  that  tetrahydrotrimesic  acid,  when 
digested  with  acetic  anhydride,  yields  a  résinons  double  anhydride  of  trimesic  acid 
and  acetic  acid  which,  on  distillation,  loses  carbon  dioxide  with  formation  of  the 
anhydride  of  tetrahydroisophthalic  acid  : 

.  co„h'\    JcOoH  "^  l    j-c'o 


The  substance  so  formed  was  obviously  the  anhydride  of  A--tetrahydroi6ophthalic 
acid  (p.  303),  and  the  acid  obtained  by  hydrolysing  this  anhydride  with  caustic 
potash  and  which  melted  at  244°  was  A^-tetrahydro«ophthalic  acid. 
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was  determined  by  titration  with  decinormal  caustic  soda,  whenOlSTD 
neutralised  0'0732  NaOH,  whereas  tbis  amount  of  a  dibasic  acid, 
CgH^gO^,  should  neutralise  0-0743  ISTaOH.  A  sb'ghtly  alkaline  and 
rather  dilute  solution  of  the  ammonium  sait  of  the  acid  showed  the 
following  beliaviour  with  reagents.  Silver  nitrate  gave  a  white,  caseous 
precipitate  ;  calcium  chloride  gave  no  precipitate  even  on  boiling  ; 
harium  chloride  also  produces  no  precipitate  in  the  cold,  but  on  boiling 
a  very  sparingly  soluble  crystalline  sait  séparâtes,  which,  under  the 
microscope,  is  seen  to  consist  of  feathei-y  groups  of  needles, 

Oxidation  of  ù^^-Tetrahydrdi&oiMialic  Acid. 

(«)  With  Permanganate. — The  tetrahydro-acid  (3  grams)  was 
dissolved  in  a  little  dilute  sodium  carbonate  and  oxidised  at  the 
ordinary  température  by  adding,  drop  by  drop,  a  two  per  cent, 
solution  of  potassium  permanganate.  It  was  noticed  that,  when  about 
7  grams  of  permanganate  had  been  added,  the  colour  i-emained  even 
after  standing  for  an  hour.  The  excess  was  removed  by  sodium 
sulphite,  the  filtrate  from  the  manganèse  dioxide  concentrated,  acidified, 
and  extracted  repeatedly  with  ether.  The  ethereal  solution  deposited, 
on  evaporation,  a  semi-solid  mass,  which  was  left  in  contact  with 
pox'ous  porcelain  until  dry  and  then  recrystallised  from  dilute  acetic 
acid. 

The  sandy,  crystalline  substance  thus  obtained  did  not  melt  at  270°, 
and  consisted,  as  the  analysis  shows,  of  i^ojihthalic  acid. 

0-1456  gave  0-3097  CO^  and  0-0510  HgO.     C  =  58-0;  H  =  3-9. 
OsHeO^  requires  C  =  57-8  ;  H  =  3-6  per  cent. 

{h)  With  Nitric  Acid. — The  teti-ahydro-acid  (3  grams)  was  heated  to 
boiling  with  20  ce.  of  dilute  nitric  acid  (sp.  gr.  1-2),  wheo  vigorous 
oxidation  set  in.  After  one  hour,  the  whole  was  allowed  to  stand  for 
two  days,  and  the  crystals  which  had  separated  recrystallised  from 
dilute  acetic  acid.  In  this  way,  one  gram  of  a  sparingly  soluble  acid 
was  obtained  which  was  evidently  isophthalic  acid. 

The  nitric  acid  liquors  yielded,  on  evaporation,  oxalic  acid  and  a 
gummy  substance  from  which  nothing  crystalline  could  be  obtained. 

Conversion  of  A'^-  into  ùsr-l'etrahydroisojjhthalic  Acid. 

A^-Tetrahydroisophthalic  acid  is  sparingly  soluble  in  acetic 
anhydride  in  the  cold,  but  dissolves  readily  on  warraing  ;  the  solution 
was  boiled  for  two  hours,  the  bulk  of  the  acetic  anhydride  and  acetic 
acid  distilled  off,  and  the  residue  left  for  some  days  in  a  desiccator 
over  solid  caustic  potash  and  sulphuric  acid.  The  syrup  showed  no 
signs  of  crystallising  and  evidently  consisted  of  a  double  anhydride  of 
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the  tetraliydro-acid  and  acetic  acid  since,  on  treatment  with  water,  ib 
yielded  thèse  two  acids.  When  this  syrup  was  distilled  under  50  mm. 
pressure,  a  pale  yellow  oil  passed  over  at  about  210°,  leaving  a  large 
quantity  of  a  black,  resinous  substance  in  the  distilling  flask.  The 
distillate  crystallised  on  standing  aud,  after  spreading  on  porous 
porcelain  and  recrystallising  from  light  petroleum,  colourless  neeiles 
were  obtained  which  melted  at  about  77°  and  consisted  of  the 
anhydride  of  A^-tetrahydrozsophthalic  acid  {p.  303).  This  substance 
was  boiled  with  water  until  completely  dissolved  and  the  solution 
evaporated  to  a  sraall  bulk,  when,  on  cooling,  pure  A^-tetrahydroi'^o- 
phthalic  acid  separated. 

0-1448  gave  0-3006  CO^  and  0-0777  H.p.     C  =  56-6;  H  =  59. 
CgH^oC>4  requires  C  =  56-5  ;  H  =  5-9  per  cent, 

The  acid  thus  obtained  melted  at  168°  and  yielded  the  sparingly 
soluble  calcium  sait  so  characteristic  of  the  A^-tetrahydro  acid, 
A-Bromohexahi/ch-oisophthaliG  acid.  When  A^-tetrahydro/sophthalic 
acid  (3  grams)  is  shaken  with  15  ce.  of  fuming  hydrobromic  acid, 
most  of  it  dissolves  and  is  reprecipitated  unchanged  on  dilution  with 
water.  Addition  of  hydrogen  bromide  takes  place  readily,  however» 
if  the  mixture  of  acid  and  hydrobromic  acid  is  heated  for  one  day  at 
100°  and  for  a  second  day  at  125°  in  the  manner  recommended  by 
Baeyer  [Annalen,  1888,  245,  165)  for  the  préparation  of  2-bromo- 
hexahydroterephthalic  acid  from  A^-tetrahydroterephthalic  acid. 

The  liquid  in  the  tube  was  diluted  with  5  vols,  of  water  and  allowed 
to  stand  for  some  hours,  but  only  a  trace  of  solid  separated  ;  this  was 
removed  by  filtration  and  the  solution  extracted  five  times  with  ether. 
The  ethereal  solution  was  washed  with  watei^  dried  over  calcium 
chloride,  and  evaporated,  when  a  syrup  remained  which  showed  no 
signs  of  crystallisation  and,  over  sulphuric  acid  in  a  vacuum  desicca- 
tor,  frothed  up  owing  to  the  escape  of  ether  vapour.  After  a  week, 
the  following  analysis  was  made  : 

0-2829  gave  0-2027  AgBr.     Br  =  30-6. 

CgHj^O^Br  requires  Br  =  3r8  per  cent. 

When  this  crude  4-bromohexahydroifsophthalic  acid  is  boiled  with 
sodium  carbonate  and  the  solution  acidified,  a  sparingly  soluble  acid 
séparâtes  which  melts  at  235 — 237°  and  evidently  consists  of  A^-tetra- 
hydrotsophthalic  acid. 

3  :  4,-DibromohexaJnjdroiso2)hthalic  Acid.  —  A^-Tetrahydroî'sophthalic 
acid  is  almost  insoluble  in  chloroform,  and  is  only  very  slowly  attacked 
when  left  in  contact  with  a  solution  of  bromine  in  chloroform.  If, 
however,  the  finely  powdeied  acid  is  exposed  to  dry  bromine  vapour 
for   two  days,  it  absorbs  approximately    the  calculated  quantity  of 
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bromine,  and  the  crude  3  : 4-dibromo-acid  thus  formed  may  be  purified 
by  recrystallisation  from  formic  acid,  from  which  it  séparâtes  as  a 
glistening  powder,  and  under  the  microscope  is  seen  to  consist  of 
stellate  groups  of  well  formed  prisms. 

Oa902  gave  0  219  AgBr.     Br  =  490. 

CgHjQO^Brg  requires  Br  =  48-5  per  cent. 

3  :  Ai-Dlbromohexuhydro'i&ophthalic  acid  bas  no  definite  melting  point, 
but,  when  rapidly  heated,  décomposes  at  about  230°  with  blackening 
and  évolution  of  gas. 

Bxhydroi'&opIdlialiG  Acid  (?  A^'*).  —  The  3  :  4-dibromo-acid  dissolves 
readily  in  methyl-alcoholic  potash,  and  when  the  solution  is  boiled 
potassium  bromide  soon  séparâtes.  If,  after  heating  for  half  an  hour, 
the  product  is  diluted  with  water,  evaporated  until  free  from  methyl 
alcohol,  and  aciditied,  a  very  insoluble  precipitate,  similar  in  appear- 
ance  to  barium  sulphate,  séparâtes.  This  was  collected  and  recrys- 
tallised  from  much  water,  from  whicli  it  separated  in  microscopic  stars. 
Three  différent  spécimens  were  analysed  and  it  is  curious  that,  in  each 
case,  the  hydrogen  détermination  was  rather  higher  than  that  calcu- 
lated  for  the  dihydro-acid. 

0-1508  gave  03159  CO^  and  0-0733  H,0.      C  =  57-1  ;  H  =  54. 
0-1298     „     0-2721  CO2    „    00627  H^O.     C  =  57-2  ;  H  =  5-4. 
0-1718     „     03590  CO.,    „    0-0834  H,0.     C  =  57-0  ;  H  =  5-4. 
CgHyO^  requires  C  =  571  ;  H  =  4  8  per  cent. 

Dihi/dro\so2)hthalic  acid  melts  at  about  255°  with  slight  previous 
softening,  and  is  readily  soluble  in  alcohol  or  acétone,  but  very 
sparingly  se  in  cold  water,  benzène,  ether,  chloroform,  or  light 
petroleum.  The  solution  of  the  acid  in  dilute  sodium  carbonate 
decolorises  permanganate  instantly,  but  the  dry  acid  does  not  appear 
to  be  acted  on  when  exposed  to  the  vapour  of  dry  bromine. 

c'\.s-^'--TetrahydroiS02)hlhalic  Acid. 
The  isolation  of  this  acid  in  a  state  of  purity  proved  to  be  a 
matter  of  great  diflSculty.  It  is  contained  in  the  mother  liquors 
of  the  sparingly  soluble  calcium  sait  of  the  A^-acid  (p.  302),  and, 
although  every  effort  was  made  to  remove  this  sait  as  completely 
as  possible  by  crystallisation,  a  small  amount  necessarily  remained 
dissolved.  The  last  mother  liquors  of  the  calcium  sait  deposited, 
on  acidifying,  a  very  soluble  acid,  which  was  extracted  several 
times  with  ether.  After  dryiug  over  anhydrous  sodium  sulphate, 
the  ethereal  solution,  on  evapoi-ating,  deposited  a  syrup  which  rapidly 
crystallised,  and  the  mass  became  quite  hard  when  it  was  left  in 
contact  with    porous   porcelain.     By  repeated  recrystallisation   from 
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water,  it  was  ultimately  found  po.ssil)le  to  isolate  about  10  gx-ams  of 
an  acid  which  melted  at  about  165'^,*  and  when  dissolved  in  dilute 
ammonia  and  beated  with  calcium  chloride  did  not  give  a  trace  of  tlie 
insoluble  calcium  sait  of  the  A'^-acid  (p.  303). 

02092  gave  0-4332  CO,  and  01156  HgO.     C  =  56-4;  H  =  6-l. 
CgH^oO^  requires  0  =  56-4;  H  =  5-9  per  cent. 

cis-A^-Tetrahijdroisophthalic  acid  is  very  readily  soluble  in  warm 
water,  and  séparâtes  on  cooling  in  ill-shaped  masses,  consisting 
apparently  of  mici'oscopic  bunches  of  needles  ;  it  crystallises  from 
formic  acid  in  glistening  masses,  again  without  deBnite  shape. 

Conversion  o/cis-A'*-  i7ito  A.^-7'etrahydroiso2)/dha/ic  Acid. — Two  grams 
of  the  C2s-A'*-tetrahydro-acid  were  dissolved  in  a  little  dilute  caustic 
potash,  the  solution  was  then  mixed  with  10  ce.  of  caustic  potash  of 
sp.  gr.  1-25  and  heated  to  boiling  for  10  minutes. 

After  evaporating  nearly  to  dryness,  the  residue  was  dissolved  in 
water  and  acidified,  when  a  very  sparingly  soluble  substance  separated, 
which,  after  recrystallisation  from  much  Avater,  melted  at  235 — 239° 
and  consisted  of  nearly  pure  A^-tetrahydro/sophthalic  acid. 

Conversion  o/cis-A*-  info  A'^-Tetrahijdrohophthalic  acid. — This  remark- 
able  change  was  brought  about  in  the  following  way  :  The  cis-A*-acid 
(3  grams)  was  digested  with  10  grams  of  acetic  anhydride  for  3  hours, 
transferred  to  a  distilling  flask,  and  the  acetic  acid  and  excess  of 
acetic  anhydride  distilled  off.  The  syrupy  residue  was  then  distilled 
under  reduced  pressure,  when  almost  the  whole  passed  over  at  about 
180-— 210°  (50  mm.)  as  a  nearly  colourless  oil,  a  small  quantity  only 
of  a  dark  résinons  mass  being  left  in  the  flask.  The  distillate  was 
digested  with  water  until  dissolved  and  the  solution  concentrated, 
when  a  colourless  acid  gradually  separated,  which,  after  recrystallisa- 
tion, melted  at  166—168°. 

0-1045  gave  0-2165  CO2  and  0-0575  HgO.     C  =  56-5;  H  =  6-1. 
CgHjQO^  requires  C  -  56  4  ;  H  =  5-9  per  cent. 

That  the  acid  thus  obtained  was  A--tetrahydrotsophthalic  acid  was 
proved  by  mixing  it  with  a  spécimen  of  the  laLter,  when  no  change  in 
the  melting  point  could  be  detected.  Furthermore,  when  a  little  of 
the  acid  was  dissolved  in  dilute  ammonia  in  a  test-tube,  calcium 
chloride  added,  and  the  test-tube  placed  in  boiling  water,  the 
characteristic  sparingly  soluble  calcium  sait  of  the  A--tetrahydro-acid 
soon  began  to  separate. 

4  •.5-I)ibromo-cis-hexahi/droisophthalic      Acid. — When     ci's-A*-tetra- 

This  niehing  point  miist  only  be  considered  as  approximate,  as  it  is  obvions,  for 
reasons  stated  above,  that  the  acid  niay  liave  coutaiued  traces  of  A'-'-tetialiydro/so- 
phthalic  acid. 
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hydrozsophthalic  acid  is  exposed  over  the  vapour  of  dry  bromine,  it 
is  readily  converted  into  the  dibromo-additive  product,  and  if,  after 
standing  overniglit,  the  excess  of  bromine  is  removed  by  exposure 
over  solid  caustic  potash,  the  residue  crystallises  from  formic  acid  in 
colourless  crùsts  which  melt  at  220°. 

0-2652  gave  0-3009  AgBr,     Br  =  48-1. 

OgH-^gO^Bi-o  requires  Br  =  48-5  par  cent. 

In  its  behaviour  towards  bromine  vapour,  cis-A*-tetrahydro?so- 
phthalic  acid  differs  very  sharply  from  the  A--tetrahydro-acid,  since  the 
latter  is  scarcely  acted  on  under  the  conditions  employed  above 
(see  p.  305). 

tran  s-  A**-  Ttlrahydro\&opldlialic  A  ciel. 

This  acid  is  obtained  when  ciVA*-tetrahydroîsophthalic  acid  dissolved 
in  a  little  water  is  heated  with  strong  hydrochloric  acid  in  a  sealed 
tube  at  175°  for  3  hours.  If  the  température  mentioned  is  not  materi- 
ally  exceeded,  the  tube  will  contain  an  almost  colourless,  crystalline 
crust,  but,  at  rather  higher  températures,  décomposition  sets  in  with 
séparation  of  black,  carbonaceous  fiocks. 

The  crystals  were  coUected  and  recrystallised  from  much  water,  in 
which  the  acid  is  very  sparingly  soluble.  The  sandy  powder  which 
separated,  when  examined  under  the  microscope,  Avas  seen  to  consist  of 
spherical  nodules. 

0-1148  gave  0-2373  CO2  and  00634  H^O.     0  =  565;  H  =  6-l. 
CgHjQO^  requires  0  =  56-4  ;  H  =  5"9  per  cent. 

irans- A'^-Tetrahydroisophthalic  acid  melts  at  225 — 227°  and  solidifies 
again  at  220°,  and  this  behaviour  is  not  altered  by  repeated  recrystal- 
lisation  from  water  or  formic  acid.  The  solution  of  the  acid  in  sodium 
carbonate  reduces  permanganate  instantly,  and  when  the  acid  is  boiled 
with  strong  caustic  potash  it  appears  to  be  converted  iuto  A^-tetra- 
hydrotsophthalic  acid,  but  this  requires  further  confirmation. 

Some  of  the  acid  was  heated  with  fuming  hydrobromic  acid  for 
6  hours  at  100°,  and  the  clear  solution,  which  did  not  give  any  pre- 
cipitate  on  diluting  with  water,  extracted  with  ether. 

On  distilling  off  the  ether,  a  syrupy  substance  was  obtained,  which 
crystallised  on  standing  ;  this  was  not  further  examined. 

The  remaiuder  of  the  acid  was  finely  powdered  and  exposed  for 
2  days  to  dry  bromine  vapour.  The  product,  after  standing  for  some 
days  over  solid  caustic  potash  to  remove  excess  of  bromine,  was 
crystallised   from  formic  acid,  when  colourless  crusts  were  obtained, 
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which    hacl    no    proper    melting    point,     but    decomposed    rapidly    at 
330—235°. 

0-1766  gave  0-2011  AgBr.     Br  =  48-4. 

C^Hji^Br.^O^  requires  Br  =  48"5  per  cent. 

This  substance  is  obviously  4  :  ô-dibromo-tmns-hexa/rydroisojj/tt/icdic 
acid. 

The  Victoria  Univeesity  of  Manchester. 


XXXVII. — The  Influence  of  Solvents  on  the  Rotation  of 
Opticallij  Active  Compoimds.  Part  VIII.  Ethyl 
Tartrate  in  Chloroform. 

By  Thomas  Stewart  Patterson. 

In  Walden's  interesting  lecture,  "  Ueber  das  Drehungsvermogen 
optisch-activer  Korper,"  which  bas  just  been  published  [Ber.,  1905, 
38,  345),  there  are  given  a  numbev  of  new  data  relative  to  the 
influence  of  solvents  on  the  rotation  of  optically  active  substances. 
Thèse  include,  amongst  others,  a  few  values  found  for  the  rotation  of 
ethyl  tartrate  in  chloroform. 

Some  time  ago  I  made  a  séries  of  observations  of  a  similar  but 
much  more  extensive  character  with  the  same  two  substances.  I  had, 
and  still  hâve,  the  intention  of  carrying  out  analogous  experiments 
with  ethyl  tartrate  and  a  number  of  other  solvents  similar  in 
character  to  chloroform,  but  as  it  is  impossible  at  présent  to  say  when 
I  shall  be  able  to  realise  this  intention,  I  think  it  advisable  to  publish. 
the  results  hitherto  obtained,  and  to  discuss  them  in  connection  with 
the  vievvs  expressed  by  Walden  in  his  lecture. 

The  expérimental  data  are  collected  at  the  end  of  the  paper,  and  are 
represented  by  the  curves  in  Fig.  1,  whieh  show  the  relationship 
between  rotation  and  température  for  varions  concentrations. 

So  far  as  the  influence  of  température  change  is  concerned,  solution 
in  chloroform  lias  no  very  striking  effect.  The  curves  are  ail  of  much 
the  same  character,  but  it  is  to  be  noticed  that  in  dilute  solutions  the 
rotation  increases  on  heating  somewhat  more  rapidly  than  does  that 
of  the  homogeneous  ester. 

The  influence  of  varying  concentration,  however,  is  very  much  more 
marked,  the  rotation  of  the  ethyl  tartrate  being  profoundly  modified 
by  admixture  with  chloroform.  The  spécifie  rotation  of  the  ester, 
which  at  20°  is  +7'76°,  is  cousidorably  dopressed,  in  fact,  it  is  reduced 
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to  half  value,  by  the  addition  of  only  20  per  cent,  of  the  solvent. 
The  diminution  is  thus  at  first  very  rapid,  but  as  dilution  proceeds  the 
effect  gradually  becomes  less  in  such  a  manner  that  beyond  ^;  =  20 
little  further  change  in  speci6c  rotation  occurs.     Curves  for  dilutions 


FiG.  1. 
Rotation-température  curves  for  ethyl  tartrcUe  in  chloroform. 


20°  30° 

Température 


less  than  ^^  =  9  practically  coïncide  with  the  lowest  one  shown  in 
Fig.  1.  The  variation  of  rotation  with  change  of  concentration  is 
shown  most  clearly  by  the  upper  curve  of  Fig.  2. 

The  behaviour  is  thus  to  some  extent  similar  to  that  observed  for 
mesitylene    (Trans.,   1902,  81,   1099),    but    it   is   considerably   more 
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FiG.  2. 

Concentration-rotation  and  molccular-solufion -volume  curvesfor  ethyl  tartratc  in 
cliloroform. 
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pronounced.  Both  solvents  appear  to  exert  much  the  same  maximum 
effect,  but  whereas  it  is  only  in  dilute  solution  that  mesitylene  is 
capable  of  clianging  the  sign  of  rotation  of  the  dissolved  ester,  97  per 
cent,  of  mesitylene  beiog  necessary  at  20°,  inactivity  is  produced  in  a 
mixture  containing  only  46  per  cent,  of  chloroform  at  the  same 
température. 

From  Fig.  1,  it  may  be  seen  that  the  curve  for^:)  =  8"994  cuts  the 
zéro  axis  at  36'5°.  Similarly,  a  solution  of  p=  19'11  becomes  inactive 
at  35-5°,  and  those  of  ;j  =  39-913,  p  =  60-03,  and  ^^  =  79-95  at  28-7°, 
16-5°,  and  -3°  respectively.  By  plotting  thèse  values  on  a  diagram, 
we  find  on  extrapolation  that  an  infinitely  dilute  solution  would  be 
inactive  at  37°,  so  that  every  possible  mixture  of  ethyl  tartrato  and 
chloroform  will  hâve  a  positive  rotation  above  that  température.  By 
extrapolating  in  the  opposite  direction,  it  is  found  that  homogeneous 
ethyl  tartrate  would  become  inactive  between  -  30°  and  -  35°.  This 
last  resuit  affords  independent  corroboration  of  an  estimate  of  the 
température  of  inactivity  of  the  pure  ester,  which  was  made  in  a 
previous  paper  (Trans.,  1904,  85,  771),  the  température  formerly 
deduced  being  -  34°. 

Since  Walden  in  his  paper  {loc.  cit.,  386)  gives  the  compositions  of  his 
solutions  in  concentration  units  (c),  it  is  somewhat  diflBcult  to  compare 
his  results  with  those  recorded  hère.  There  is,  however,  good  gênerai 
agreement. 

Passing  now  to  a  considération  of  the  cause  of  the  remarkable 
behaviour  of  chloroform  solutions  of  ethyl  tartrate,  it  will  be  seen 
that  the  présent  case  is  a  very  suitable  one  from  which  to  judge  as  to 
the  applicability  of  the  suggestion  put  forward  by  the  présent  author 
that  solution-volume  and  rotation  are  closely  related  phenomena.  It 
has  previously  been  shown  for  a  number  of  solvents  that  when  the 
solution-volume  of  ethyl  tartrate  diminishes  with  dilution,  a 
c  :>rresponding  increase  of  rotation  occurs,  whilst  the  opposite  also 
holds  ;  if  the  solution- volume  increases  on  dilution,  the  rotation 
diminishes. 

"N"ow,  in  the  case  of  ethyl  tartrate  iu  mesitylene  already  referred  to, 
the  value  found  for  the  spécifie  rotation  at  infinité  dilution  was  -  3°, 
the  corresponding  value  for  molecular-solution- volume  being  177*4  ce. 
(Trans.,  1902,  81,  1107).  We  should  therefore  expect  that  in  chloro- 
form, in  which  from  Fig.  2  the  spécifie  rotation  at  20°  at  infinité 
dilution  is  -3-2°,  the  limiting  value  of  the  solution-volume  should  be 
nearly  the  same  as  for  mesitylene. 

Data  relative  to  the  solution-volume  of  ethyl  tartrate  in  chloroform 
will  be  found  on  page  320.  They  are  represented  by  the  curve  on 
the  lower  part  of  Fig.  2.  This  curve  is  as  complète  a  confirmation  of 
the  suggested  relationship  as  could  be  expected  from  the  nature  of  the 
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phenomena.  Dilution  with  chloroform  gradually  increases  the 
solution-volume  of  the  ester,  the  rate  of  increase  becoming  greater  as 
the  concentration  of  the  solution  diminishes,  and  in  such  a  manner 
that  on  extrapolation  the  value  at  infinité  dilution  would  lie  between 
177  and  178  ce.  From  the  shape  of  the  curve,  however,  it  is 
obviously  difficult  to  give  a  very  exact  value. 

It  may  be  noticed  that  the  behaviour  as  regards  variation  of  rota- 
tion and  of  solution-volume  with  increasing  dilution  is  différent. 
The  rotation  at  first  rapidly  diminishes  to  become  almost  constant  at 
low  dilutions,  whilst  the  opposite  is  the  case  in  point  of  solution- 
volume  ;  there  is  only  little  variation  in  concentrated  solutions  and 
rapid  variation  in  dilute  ones. 

It  must  be  remembered,  however,  that  it  is  only  for  the  end  values 
that  we  are  justified  in  making  any  assumptions.  At  intermediate 
concentrations,  several  factors  vary  simultaneously,  change  in  one 
masking  variation  in  another.  Such  solutions  are  at  présent  an 
unknown  région,  for  the  exploration  of  which  rotation  phenomena, 
when  once  they  can  be  definitely  interpreted,  will  probably  prove  of 
the  greatest  assistance  (see  Trans.,  1901,  79,  191,  192;  1902,  81, 
1100). 

Walden  in  his  paper  {loc.  cit.,  p.  383)  attempts  to  show  that  the 
variation  of  rotation  of  ethyl  tartrate  and  some  other  active  sub- 
stances in  acétone,  methyl  alcohol,  ethyl  acétate,  benzène,  and 
chloroform,  bears  a  relationship  to  the  degree  of  association  of  the 
dissolved  substance  determined  cryoscopically  or  ebuUioscopically. 
This  question  bas  already  been  fuUy  discussed  by  the  présent  author 
(Trans.,  1901,  79,  182  ;  1902,  81,  1113),  and  little  need  be  said  about 
it  hère. 

The  data  given  by  Walden  are  as  follows,  the  substances  being 
arranged  in  order  of  diminishing  rotation  : 

M.W. 
Solvent.  t.  p.  [a][\  (ebullioscopic). 

Methyl  alcohol     50'  17-94  1.3-82°  209-5 

Acétone    50  17-32  13-36  209 

Ethyl  acétate  70  11-50  13-23  218-7 

Benzène    70  16-92  12-06  318-5 

Chloroform  50  9  91  108  234-8 

Thèse  numbers  are  by  no  means  free  from  objection.  Température 
and  concentration,  which  are  both  factors  of  great  importance,  vary 
considerably,  whilst  the  concentrations  of  the  solutions  with  which 
the  molecular  weights  were  determined  were  too  great  to  allow  of  any 
resuit  theoretically  justifiable.  This  is  especially  so  in  the  case  of 
benzène,  in  which,  as  the  présent  author  bas  shown,  ethyl  tartrate  is 
in  very  dilute  solution  a  unimolecular  svibstance.  Walden  suggests 
that  the  rotation  in   chloroform  may  be   reconciled  with  the  corre- 
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sponding  molecular  weight  by  supposing  that  there  is  also  a  constitu- 
tive influence  at  work,  but  this  seems  to  ascribe  toogreat  a  rôle  to  the 
latter. 

The  following  table  gives  data,  obtained  by  the  présent  author,  for 
ethyl  tartrate  in  three  of  the  above  solvents,  the  conditions  being 
exactly  similar  in  each  case  : 

_  [«If 
Solvent.  (infinité  dihilion). 

Methyl  alcohol  *  +11-5° 


Benzène  f 
Clilorofonn 

*  Trans.,  1901,  79,  197. 


6-1 
3-2 


M.  S.  Y.-"'' 

(infinité  dilution). 

159 -.3  ce. 

1751    „ 

177-5    ,, 

t  Trans.,  1902,  81,  1107. 


The  agreement  hère  is  very  much  better,  and  if,  as  is  probably  the 
case,  a  constitutive  factor  has  to  be  reckoned  with,  it  is  at  least  net 
sufficient  to  mask  the  relationship  completely. 


Expérimental. 


2-00276. 


ir. 


t. 

a«;(400mni.). 

Density. 

K- 

[M] 

5-r 

-0-730° 

1-5081 

-6-04° 

-12 

44° 

5-6 

-0-722 

1-5070 

-5-98 

-12 

32 

16-0 

-0-460 

1-4878 

-3-86 

-  7 

95 

19-3 

-0-382 

1-4815 

-3-22 

-6 

63 

35-2 

-0-027 

1-4517 

-0-23 

-0 

47 

41-2 

+  0-075 

1-4405 

+  0-65 

+  1 

34 

45-2 

+  0-157 

1-4330 

+  1-36 

+  2 

80 

52-7 

+  0-347 

1-4190 

+  3-05 

+  6-28 

;;  =  8-9947. 

t. 

a*'  (249-6  nun.). 

Density. 

[«]';• 

[M]':- 

14-4' 

-  1  -42= 

1-4655 

-  4-32° 

-8-90° 

16-5 

-1-28 

1-4617 

-3-91 

-8-05 

24-1 

-0-73 

1-4480 

-2-25 

.-4-63 

33-4 

-0-14 

1-4320 

-0-44 

-0-91 

38-5 

+  0-14 

1-4230 

+  0-45 

+  0-93 

40-3 

+  0-23 

1-4199 

+  0-71 

+  1-46 

46-9 

+  0-59 

1-4081 

+  1-86 

+  3-83 

V  = 

19-119. 

t. 

a    (249-6  mm.) 

Density. 

K- 

\^K- 

15-7= 

-2-62° 

1-4298 

-3-85° 

-7-93' 

15-8 

-2-59 

1-4296 

-3-79 

-7-81 

22-5 

-1-62 

1-4187 

-2-39 

-4-92 

34-3 

-0-12 

1-3993 

-0-18 

-0-37 

37-3 

+  0-22 

1-3941 

+  0-33 

+  0-68 

42-0 

+  0-76 

1  -.3846 

+  1  15 

+  2-37 

48-0 

+  1  -42 

1-3765 

+  2-16 

+  4-45 

51-4 

+  1-81 

1-3706 

+  2-77 

+  5 

-71 
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t. 

a^  (249-6  mm.). 

Deusity. 

K- 

\>K- 

7 

V 

-5-75° 

1-3763 

-4-20" 

-8-65 

10 

7 

-4-79 

1-3720 

-3-51 

-7-23 

19 

0 

-2-37 

1-3603 

-1-77 

-3-65 

31 

1 

+  0-73 

1-3434 

+  0-55 

+  1-13 

38 

4 

+  2-33 

1-3330 

+  1-76 

+  3-63 

45 

9 

+  3-92 

1-3223 

+  2-98 

+  6-14 

49 

7 

+  4-70 

1-3172 

+  3-58 

+  7-37 

52 

9 

+  5-39 

1-3123 

+  4-12 

+  8-49 

V.    ;;  =  60-036. 


t. 

a*l  (100  mm.). 

Deiisity. 

[»]';• 

\>K- 

5-6" 

-1-61° 

1-3203 

-2-04 

-4-20' 

6-5 

-1-47 

1-3195 

-1-85 

-3-81 

10-6 

-0-81 

1-3143 

-1-03 

-2-12 

130 

-0-45 

1-3114 

-0-58 

-1-19 

160 

-0-01 

1-3077 

-0-01 

-0-03 

18-5 

+  0-35 

1  -3048 

+  0-45 

+  0-93 

31  3 

+  1-97 

1-2892 

+  2-52 

+  5-19 

40-1 

+  2-96 

1-2782 

+  3-85 

+  7-93 

45-5 

+  3-53 

1-2718 

+  4-63 

+  9-54 

50-0 

+  4-00 

1-2663 

+  5-26 

+  10-84 

54-7 

+  4-48 

1-2605 

+  5-92 

+  1219 

A^I. 


79-95. 


t 

0*1  (100  mm.). 

Density. 

\-<- 

[il]';- 

4 

5° 

+  1-47" 

1-2697 

+ 1  -45° 

+  2-99 

5 

9 

1-65 

1-2680 

1-63 

3-36 

10 

0 

2-33 

1-2635 

2-30 

4-74 

11 

3 

2-60 

1-2620 

2-58 

5-3L 

18 

0 

3-54 

1-2546 

3-53 

7-27 

29 

3 

5-15 

1  -2420 

5-19 

10-69 

34 

1 

5-70 

1  -2870 

5-77 

11-89 

39 

S 

6-33 

1  -2305 

6-43 

13-24 

45 

8 

7-00 

1-2239 

7-12 

14-66 

52 

3 

7-77 

1-2166 

7-99 

16-46 

II. 


Densities  Determined . 
III.  \V. 


cl.  t.  d.  t.  cl. 

8°  1-49369  18  0°  1-45939  17-3°  1-4272 

5    1-46803  31-8    1-43531  36-3    1-3963 

0    1-4486     38-5    l-4'234  51-0    1-3712 

0    1-4218     54-0   1-3956  60-0   1-3564 


-5° 

•5 

8 

-6 

-3 

(I. 

3673 
3538 
3401 
3173 
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33-5  1-2376 
56-0  1-2270 
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Molecular-solulion-volume  of  Ethyl  Tartrate  hi  Chloroform  (sp.  gr. 
1-48792  at  2074°). 
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XXXVIll. — Studies  in  Chlorination.     The  Chlorination 
of  the  Isomeric  Chloronitrohenzenes. 

By  JuLius  Berend  Cohen  and  Hugh  Garner  Bennett. 

In  a  récent  paper  by  Cohen  and  Dakin  (Trans.,  1904,  85,  1274), 
attention  was  directed  to  the  interesting  relation  -which  was  found  to 
subsist  between  the  position  assumed  by  the  third  and  fourth  entrant 
chlorine  atoms  obtained  by  chlorinatiog  o-  and  ^>dichlorobenzenes 
and  the  six  isomeric  dichiorotoluenes  on  the  one  hand,  and  those 
occupied  by  the  two  entrant  nitro-groups  on  the  other,  and  again 
by  the  fourth  chlorine  and  nitro-group  in  the  case  of  the  1  : 2  : 4-tri- 
chlorobenzene  and  the  six  trichlorotoluenes. 

It  was  there  proposed  to  extend  the  investigation  ;  to  study  the 
chlorination  of  în-dichlorobenzene,  -which  had  nofc  previously  been 
done,  as  -well  as  the  chlorination  of  the  isomeric  chloronitro-compounds 
in  oi^der  to  see  how  far  the  agreement  held  good  -n-hen  nitro-groups 
■were  already  présent  in  the  nucleus.  The  results  show  remarkable 
conformifcy  with  the  above  rule.  We  hâve  recorded  no  single  excep- 
tion. It  is  true  that  in  some  cases  small  quantities  of  isomeric 
products  were  obtained,  but  in  only  one  case,  that  of  1  : 2-dichloro- 
4-nitrobenzene,  which  offered  peculiar  expérimental  difficulties  and 
cannot  therefore  be  absolutely  relied  upon,  did  the  principal  and 
secondary  products  appear  to  be  in  the  reverse  order  from  that  : 
required  by  the  rule.  ! 

The  followiug  table  présents  a  summary   of  the  results,  the  thick     j 
arrow  indicating  the   principal  product  of  chlorination    where   mor© 
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than  one  is  formed.     The  figures  within  the  hexagons  are  the  melting 
points  of  tbe  respective  compounds  : 


ci/\ci 


NO2 

! 

|44-5°| 
\/^ 

NOo 


The  chlorination  of  «i-dichlorobenzene  will  be  dealt  with  elsewhere, 
when  the  whole  subject  of  the  progressive  chlorination  of  benzène, 
now  under  investigation,  has  been  completed.  In  the  meantime  it 
may  be  stated  that  the  prédiction  in  the  paper  ah-eady  referi-ed  to 
{loc.  cit.)  has  been  completely  verified,  and  the  only  products  of 
chlorination  are  the  1  :  2  :  4-trichloro-  and  the  1  :  2  :  4  : 5-tetrachloro- 
benzènes. 

The  complète  tabular  summary  stands  as  foUows  :  the  only 
secondary  product  recorded  in  the  table  is  the  jt)-dichloro-^>dinitro- 
benzene,  the  foi^mula  of  wbich  stands  on  the  right  of  the  last  line. 
The  remainder  are  the  sole  products  of  each  reaction  : 
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Expérimental. 

The  method  whicli  we  hâve  used  in  chlorinating  the  nitro-com- 
poiinds  has  been  to  pass  a  rapid  stieam  of  chlorine  into  the  substance 
in  présence  of  antimony  pentachloiide,  which  proved  the  most  effective 
carrier  for  the  purpose.  Five  to  10  grams  of  material  were  usually 
taken  and,  according  to  the  rate  at  which  chlorination  proceeded,  the 
process  was  conducted  in  the  water-bath  at  100°  or  in  the  oil-bath  at 
120 — 130°,  the  higher  température  being  requisite,  as  the  présence  of 
a  nitro-group  materially  retards  the  rate  of  chlorination.  Above 
130°,  the  antimony  chloride  rapidly  volatilises  and  the  process  stops. 
The  tiine  required  varied  in  différent  cases  from  3  to  6  hours.  After 
chlorination,  the  antimony  chloride  was  removed  by  shaking  with 
strong  hydrochloric  acid  and  the  product  was  dehydrated.  The  subsé- 
quent treatment  depended  on  the  character  of  the  product. 

If  solid,  it  was  fractionally  crystallised  from  alcohol  ;  if  liquid,  it 
was  fractionally  distilled  in  vacuo  and  any  solid  diitiliate  recrystal- 
lised.  Any  portion  remaining  liquid  was  reduced  with  tin  and 
hydrochloric  acid  and  the  base  or  its  acetyl  derivative  examined 
and,  if  possible,  identified.  Finally,  the  aminocompound  was  di- 
azotised  and  the  amino  group  replaced  by  chlorine.  The  halogen 
compound  or  compounds  thus  obtained  were  recrystallised  and 
identified.  In  this  way  every  portion  of  the  material  >yas  submitted 
to  a  caieful  examination. 
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Chlorination  of  o-Chloronitrobenzene  (m.  p.  32-5°). 

The  chlorication  was  conducted  at  100°,  and  after  removing  anti- 
mony  chloride  the  prcduct  was  distilled  in  steam.  The  distillate 
solidified  and,  after  draining  on  a  porous  plate,  melted  at  27 — 40°. 
After  several  recrystallisations  from  alcohol,  three  fractions  of  constant 
melting  point  were  isolateJ,  a  very  minute  quantity  crystallising  in 
long  needle?  and  melting  at  5S'5 — 60°,  a  large  fraction  crystallising 
in  plates  and  melting  at  51 — 54°,  and  a  third,  very  soluble,  and 
smaller  fraction  crystallising  in  needles  and  melting  at  31 — 32-5". 
The  two  larger  fractions  (m.  p.  51 — 54°  and  31  —  32-5°)  were  analystd 
with  the  following  results  : 

i.  (M.  p.  51—54°)  0-1378  gave  0-2059  AgCl.     01  =  36-96. 
ii.  (M.  p.  31-32-5°)  0-1670  gave  0-2543  AgCl.     01  =  37-66. 
O^HgOoNCl.^  requires  01  =  37-00  per  cent. 

After  the  above  investigation  had  been  completed,  a  paper  by  A.  F. 
Holleman  appeared  (i?ec.  Trav.  Chim.,  1904,23,360),  in  which  the 
author,  on  chlorinating  o-chloronitrobenzene,  obtained  two  substances, 
namely,  1  :  4-dichloro-2-nitrobenzene  (m.  p.  55°)  and  a  small  quantity 
of  1  :2-dichloro-3-nitrobenzene  (m.  p.  61°).  The  latter  is  probably 
identical  with  the  needles  obtained  by  us  and  melting  at  58-5 — 60°. 
Holleman  seems,  however,  to  hâve  overlooked  the  présence  of 
1  : 3-dichloro-6-nitrobenzene  (m.  p.  33°).  The  principal  product  of 
the  reaction  is  undoubtedly  1  :  4-dichloro-2-nitrobenzene,  in  which  the 
entrant  chlorine  takes  the  para-position  with  respect  to  the  chlorine 
and  the  meta  position  to  the  nitro-group. 

Chlorination  of  va-Chloronitrohenzene  (m.  p.  44-5°). 

Beilstein  and  Kurbatoff  {Annalen,  1876,  182,  103)  found  tliat  on 
chlorinating  nitrobenzene  in  présence  of  antimony  chloride,  ?«-chlorc- 
nitrobenzene  was  first  formed,  and  subsequently  two  dichloronitrc- 
benzenes.  The  1  : 4-dichloro-2-nitiobeLzene  was  the  main  product,  but 
there  was  also  présent  a  small  quantity  of  uncrystallisable  cil  which 
contained  a  second  isomeride,  which  they  identified  as  the  1  :  2-dichloro-3- 
nitro-compound.  This  resuit  has  since  been  confirmed  by  Holleman 
{loc.  cit.),  who  found  that  the  true  melting  point  of  the  second  com- 
pound  is  65°.  The  quantity  of  the  latter  was  found  by  both 
observers  to  be  very  small.  Holleman  obtained  "  only  a  few  grams  " 
from  250  grams  of  nitrobenzene.  We  hâve  not  repeated  the  experi- 
ment  in  détail,  but  hâve  merely  confirmed  to  our  satisfaction  the 
results  of  the  previous  observers  as  to  the  main  product  of  the  reaction 
by  separating  the  1  :  4diehloro-2-nitrobenzene  (m.  p.  55'^). 
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Chlorination  of -ç-Chloronitrohenzene  (m.  p.  83°), 

The  crude  product,  after  chlorination,  melted  at  37 — 40"^,  and  after 
one  crystallisation  from  alcohol  it  remained  stationary  ab  40 — 41°, 
which  is  the  melting  point  of  1  :  2-dichloro-4-nitrobenzene.  As  the 
only  other  possible  product,  namely,  1  : 3-dichloro-4-nitrobenzene, 
melts  at  33°,  it  is  improbable  that  any  of  this  compound  is  présent. 

0-1608  gave  0-2400  AgOl.     Cl  =  30-88. 

C^-ngOgNCl^  requires  Cl  =  37-00. 

Chlorination  of  1  :  2-DicMoro-i-nitrohenzene  (ni.  p.  43^^). 

The  substance  chlorinates  vei-y  slowly  even  at  100^.  After  removing 
antimony  chloride,  the  product  was  fractionated  in  vacuo.  The 
two  fractions  into  which  the  distillate  was  separated  were  oils  at  the 
ordinary  température,  but  the  less  volatile  fraction  solidified  at  0°, 
and  after  draining  melted  at  52 — 54-5°.  Nothing  of  a  definite 
character  was  obtained.  The  process  was  repeated  at  130°,  and  the 
resulting  oil,  freed  by  filtration  from  unchanged  product,  was  directly 
reduced  with  tin  and  hydrochloric  acid.  The  base  thus  obtained 
was  recrystallised  from  50  per  cent,  acetic  acid,  and  finally  from 
ligroin.  It  melted  at  87 — 93°,  and  was  converted  into  its  acetyl 
derivative,  which  melts  sharply  at  207°.  As  the  3  : 4  : 5-trichloro- 
auiline  and  its  acetyl  derivative  were  unknown,  Mr.  P.  F.  Crosland 
kindly  prepared  them  for  us  from  j9-nitroaniline  by  the  following  séries 
of  processes  : 

NHo  NH.  Cl  Cl  Cl 

{\       .     Cl^^jCl         Cl/^^Cl  __^  cij^Nci         ci/^'^ci 

\/  "^    \  /         \/         \/         \/ 

NO2  NOo  NO.,  NH^  NHAc 

M.  p.  189°.  M.  p.  7r.  M.  p.-  94—95°.     M.  p.  207—208°, 

Thus  the  présence  of  1 :  2  :  3-trichloro-5-nitrobenzene  was  assured. 
As  the  quantity  of  this  substance  did  not  appear  to  account  for  the 
whole  of  the  products  of  chlorination,  a  third  experiment  was  made 
as  before.  The  substance  obtained  after  chlorination  was  distilled 
and  two  fractions  coUected,  both  of  which  were  reduced  and  diazotised, 

After  recrystallising  each  product  separately,  the  firsb  melted  at 
85 — 86°  (pentachlorobenzene)  and  the  second  at  170 — 173°  (probably 
impure  hexachlorobenzene).  The  chlorination  had  evidently  been 
carried  too  far.  A  fourth  chlorination,  which  was  conducted  for  a 
shorter  time,  gave  a  liquid  product  which  was  directly  reduced  and 
the  amino-gi'ovip  replaced  by  chlorine.     The  product,  which  was  still 
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liqiiid,  was  frozen  and  drainecl  in  tlie  cold  and  then  at  the  ordinary 
température.  The  small  quantity  whicli  remained  was  recrystallised 
and  melted  sharply  at  135 — 137"5°,  which  is  the  melting  point  of  the 
1  :  2  : 4  : 5-tetraehlorobenzene.  Thus,  definite  proofs  of  the  existence 
of  two  trichloronitrobenzenes  were  obtained,  but  it  was  impossible 
under  circumstances  in  which  the  substances  were  se  difficult  to 
purify  to  estimate  their  relative  quantity. 

CMorinatiou  of  1  :  4:-Dlchloro-2-nitrobenzene  (m.  p.  55°). 

After  chlorinating  at  130°,  the  produet  was  purified  and  reduced. 
Only  a  part  of  the  reduced  produet  dissolved  in  the  hydrochloric  acid, 
and  it  was  separated  by  filtration.  Each  portion  was  diazotised 
separately.  The  insoluble  fraction  gave  a  produet  melting  at  83 — 85°, 
and  was  therefore  pentachlorobenzene.  The  soluble  portion  gave  a 
chlorine  derivative  which  melted  at  137 — 139°,  and  was  therefore 
1  :  3  :  4  :  6-tetrachlorobenzene,  which,  according  to  Beilstein  and 
Kurbatoff,  melts  at  138°;  according  to  our  own  observation,  at  139°. 
The  original  compound  was  therefore  1  :  3  :  4-trichloro-6-nitrobenzene. 

Chlorination  of  1  :  ^-Dichloro-2-nitrohenzene  (m.  p.  33°). 

After  chlorinating  at  100°,  the  produet  was  distilled  in  steam  and 
fractionated  in  vacico.  The  first  fraction  solidified  with  difficulty, 
and  gave  no  definite  produet.  The  second  solidified,  and  after 
draining  and  crystallisation  melted  at  62 — 64°,  which  is  the  melting 
point  of  the  1  :  2  :  3  :  4-tetrachloro-5-nitrobenzene.  In  a  second  esperi- 
ment,  at  130°,  the  produet  was  at  once  reduced  and  converted  into  a 
base  which  melted  at  60 — 85°. 

When  the  amino-group  had  been  replaced  by  chlorine,  the  substance 
after  crystallisation  melted  at  136 — 138°,  and  is  therefore  derived 
from  1  :  3  :  4-trichloro-6-nitrobenzene.  No  other  compoiind  was  found 
to  be  présent. 

Chlorination  of  1  :  o-Dichloro-5-nitrobemene  (m.  p.  65°). 

The  principal  object  in  chlorinating  this  compovmd  was  to  détermine 
whether  the  position  taken  by  the  entrant  chlorine  atom  was  situated 
between  two  chlorine  atoms  or  between  a  chlorine  atom  and  a  nitro- 
group.     It  was  the  latter  substitution  which  occurred. 

The  required  material  was  prepared  from  j^-nitroaniline,  which  was 
first  converted  into  the  dichloro-derivative,  and  the  amino-group  was 
then  removed. 

Chlorination  was  effected  at  130°,  and  the  produet  purified  and  dis- 
tilled in  vacuo.     A  part  of  the  distillate  slowly  crystallised  and  was 
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sepaiated  by  filtration.  The  solid,  after  recrystallisation,  melted  at 
224 — 225-5°,  and  was  therefore  hexachlorobenzene  (m.  p.  226°). 

The  fact  that  a  nitro-group  can  be  eliminated  and  replaced  by 
chlorine  is  mentioned  by  Holleinan  {loc.  cit.),  and  a  similar  case  is 
described  by  Schmidt  and  Ladner  (Ber.,  1904,  37,  4402),  in  which 
9:10-bromonitrophenanthrene  and  o-bromonitrobenzene  are  converted 
into  the  corresponding  dichloro-compounds  by  heating  with  ammonium 
chloride. 

The  liquid  obtained  from  the  product  of  chlorination  described 
above  was  lefb  for  a  few  days,  when  a  further  quantity  of  crystals 
separated.  Thèse  were  removed  by  filtration  and  were  fractionally 
crybtallised.  A  further  quantity  of  hexachlorobenzene  was  obtained, 
and  also  a  fraction  which  crystallised  in  short,  blunt  needles  melting 
at  43 — 44-5°.  The  remaining  liquid  was  reduced  and  the  base  re- 
crystallised,  when  it  melted  at  58 — 60°.  The  acetylated  compound 
melted  at  163 — 165  5°.  The  acetyl  derivative  was  hydrolysed, 
diazotised,  and  the  amino-group  replaced  by  chlorine.  The  product, 
which  melted  at  43 — 45°,  was  sublimed  and  melted  at  45 — 47'5°. 
There  is  little  doubt  that  the  compound  obtained  was  1  :  2  :  3  :  5-tetra- 
chlorobenzene,  which  melts  at  50°.  This  in  itself  is  no  évidence  of 
the  structure  of  the  original  trichloronitro-compound,  as  the  same 
product  is  obtained  from  both  of  the  possible  isomerides. 

The  structure  of  the  trichloronitro-compound  is  arrived  at  from 
the  melting  point  of  the  base  and  its  acetyl  derivative  on  indiiect 
évidence,  for  the  3  :  4  :  5-trichloroaniline  melts  at  94 — 95°  and  its  acetyl 
derivative  at  208°.  The  base  (m.  p.  58—60°)  and  the  acetyl  com- 
pound melting  at  163 — 165  5°  which  we  obtained  do  not  correspond 
in  either  case  with  thèse  melting  points,  and  we  therefore  infer  the 
présence  of  the  second  isomeride,  of  which  the  corresponding  base 
is  unknown. 

In  conclusion,  we  wish  to  thank  the  Research  Fuud  Committee  of 
the  Chemical  Society  for  a  grant  which  has  partly  defrayed  the  cost 
of  this  research. 

The  University, 
Leeds. 
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XXXIX.— Zmm. 

By   James   Stuart   Hills,  Salters'    lleseaicli   Fellow,    aud 
William  Palmek  Wynne. 

Linum  cathai-ticum,  or  purging  flax,  is  a  small  herb  growing  commonly 
in  pastures  and  on  banks  in  the  British  Isles.  The  earliesb  référence 
to  its  médicinal  use  which  we  hâve  been  able  to  discover  occurs 
in  "  Gérard' s  Herbal,"  published  in  1633,  where  Gesner,  oF  Zuiich,  is 
quoted  as  identifying  it,  in  1555,  with  the  helleborine  of  the  ancients 
and  mentioniug  its  extensive  use  as  a  purgative  by  the  peasantry  in 
England. 

The  earliest  examinatiou  of  the  plant  seems  to  hâve  been  made  by 
Pagenstecher  {Buchners  Repert.  Pharm.,  1840,  72,  311;  1812,  76, 
313;  1843,  79,  216),  who  isolated  from  the  alcoholic  extract  a 
sparingly  soluble,  white  substance,  melting  at  90 — 95°  R.,  to  which  the 
name  linin  was  given.  The  quantity  obtained  by  him  did  not  admit 
of  an  analysis  beiug  made,  and  the  papeis  contain  merely  an  account 
of  the  solubility  and  colour  reactions  of  the  substance  with  a  statement 
that  it  bas  a  bitter  taste  and  is  a  purgative. 

In  1845,  L.  A.  Buchner,  jun.  {ibid.,  88,  169),  found  that  the 
alcoholic  extract  of  the  drug,  freed  frora  albuminous  matters  and 
chlorophyll,  gave  an  increased  yield  of  liuin  on  the  addition  of  hydro- 
chloric  or  sulphuric  acid.  This  resuit  led  SshriJder  [N'eues  R&pert. 
Pharm.,  1861,  10,  11)  to  reject  the  method  of  extraction  by  water  or 
alcohol,  and  to  isolale  linin  by  digesting  the  diied  herb  with  dilute 
milk  of  lime,  acidifjiog  the  filtrate  with  hydrochloric  acid,  and 
extiacting  the  resulting  opalescent  liquid  with  ether. 

According  to  Schioder,  linin  when  pure  forms  lustrons,  small,  white, 
silky  crystals,  melts  very  easily  in  a  capillary  tube,  aud  has  the 
characters  assigned  to  it  by  Pagenstecher.  The  quantity  at  his 
disposai  would  only  allow  of  one  analysis  being  made,  and  a  formula 
was  not  calculated  from  the  results.  No  further  référence  to  linin, 
or  to  the  active  principle  of  Linum  cathartictim,  has  been  found  in  the 
literataie. 

As  Schroder  s  paper  is  characterised  by  an  absence  of  exact  détails, 
numerous  variations  in  the  method  of  extraction  were  tried  in  the 
hope  of  increasing  the  yield  of  linin.  Thèse  will  be  described  in 
détail  elsewhere,  and  référence  need  only  be  made  to  the  two 
processes  which  were  found  to  give  the  most  satisfactory  results  : 

(i)  The  dried  herb  was  percolated  with  93  per  cent,  alcohol,  and  the 
percolate,  after  removal  of  albuminous  matters  and  chlorophyll, 
boiled  for  an  hour  with  hydrochloric  acid.     On  cooling,  a  dépolit  of 
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crude  linin  was  obtained,  and  a  fiirther  small  amount  extracted  from 
the  filtrate  by  mearis  of  ether. 

(ii)  The  dried  herb  was  digested  with  one-fifth  its  weight  of  slaked 
lime  and  ten  times  its  weight  of  water  at  80 — 90°  for  six  hours,  and 
the  filtrate,  after  concentration  to  about  one-tenth  its  volume,  boiled 
for  five  minvites  with  hydrochloric  acid.  The  greater  part  of  the 
linin  separated  in  a  crystalline  fox-m  on  cooling,  and  the  remainder  was 
obtained  by  extraction  with  ether. 

Of  the  two  methods,  the  latter  was  the  easier  to  cairy  out  and 
gave  the  better  yield.  Pereolation  with  alcohol,  even  when  prolonged 
for  a  week,  did  not  remove  the  whole  of  the  linin,  as  the  marc,  on 
■extraction  by  the  lime  method,  afforded  an  additional  amount  of  the 
substance.  The  best  yield  obtained  by  the  lime  method  on  the  small 
scale,  with  500  grams  of  the  herb,  amounted  to  0-135  per  cent.,  and, 
on  the  large  scale,  with  21-5  kilos.,  to  27*1  grams  of  linin  or  0'126  per 
cent. 

When  the  boiling  with  hydrochloric  acid  was  omitted,  the  alcoholic 
extract,  after  removal  of  chlorophyll  and  of  substances  precipitated  by 
lead  acétate,  gave,  on  evaporation,  a  very  bitter,  viscid,  syrupy  residue 
without  any  séparation  of  linin.  Many  attempts  wete  made  to 
obtain  a  crystalline  séparation  from  this  residue,  but  without  success  ; 
eventually,  however,  after  the  lapse  of  several  months,  a  few  hair-like 
needles  made  their  appearance,  but  could  not  be  identified  as  linin. 
It  was  free  from  starch,  and  gave  only  a  sliglit  reaction  with 
rehling'.s  solution,  but  when  boiled  with  hydrochloric  or  sulphuric 
acid  afl'orded  linin,  and  a  solution  which  readily  reduced  Fehling's 
solution  and  contained  glucose  as  shown  by  the  préparation  of  the 
osazone  (m.  p.  205°).  Thèse  results  seemed  to  indicate  the  présence 
of  a  glucoside,  but  none  could  be  isolated,  and  no  évidence  could  be 
obtained  to  show  whether  the  linin  existed  pre-formed  in  the  syrup  or 
was  a  product  of  hydrolysis  ;  *  it  niay  be  added  that,  unlike  linin, 
the  syrupy  residue  was  a  purgative. 

The  purification  of  linin  was  effected  by  cx^ystallisation  from  absolute 
alcohol,  and  finally  by  solution  in  ethyl  acétate  foUowed  by  précipita- 
tion with  light  petroleum.  It  crystallised  in  long,  slender,  glistening 
needles  and  melted  at  about  205°  ;  the  melting  point,  however, 
depended  vei-y  much  on  the  rate  of  heating  ;  for  example,  when  heated 
slowly,  linin    softened  at  about  197°,  collected  on  the  side   of   the 

*  Our  attention  lias  been  called  by  Dr.  Jowett  to  a  similar  expérience  with  the 
aqueous  extract  of  Cascara  bark.  Emodin  eau  be  obtained  onl^'  with  ditficulty  from 
the  extraet  by  treatment  with  immiscible  solvents,  but  is  readily  separated  after  the 
organic  substances,  acting  as  solvents,  bave  been  decomposed  by  the  addition  of  an 
acid  (Jowett,  Chemical  Examination  of  Cascara  Bark,  Proc.  Amer.  Fharm.  Assoc  , 
1904).  Jowett  found  that  emodin  was  dissolved  by  the  extract  of  Cascara  bark, 
and  we  find  that  linin  is  soluble  in  the  "syrupy  residue "  to  a  slight  extent. 
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capillary  tube,  and  often  did  not  fuse  below  210 — 213°;  when  intro- 
duced  into  tlie  bath  at  193°,  however,  it  melted  and  decomposed  at 
201 — 202°;  when  introduced  at  202°  it  melted  and  decomposed  almost 
sharply  at  205°,  and  wlien  introduced  at  206°  it  fused  at  once  and 
decomposed.     On  analysis,  the  following  numbers  were  obtained  t 

0-1236  gave  0-2813  CO2  and  0-06      HgO.     C  =  62-07  ;  H  =  5-39. 

0-123       „     0-2796  CO2    „    0-0609  H,0.     C  =  62-00  ;  H  =  5-50, 

0-1253     „     0-2856  CO2    „    0-0623^,0.     0  =  62-16  ;  H  =  5-52. 

C.2.JÎ2S^o  requires  0  =  62-13  ;  H  =  5*46  per  cent. 

The  second  and  third  of  thèse  analyses  were  made  by  independent 
observers.  Schroder,  according  to  the  only  published  analysis,  obtained 
0  =  62-92;  ïï  =  4-72  percent. 

0-0716  depressed  the  m.  p.  of  11-541  benzène  0-07°.     M.W.  =447. 
00466         „  „         „        14-455  naphthalene  0  05°.  M.  W.  =  445. 

0-8115  raised  the  b.  p.  of  11-7  ce.  acétone  0-34°.     M.W.  =  453. 
0,3H,^0i,  requires  M. W.  =  444. 

Linin  dissolved  fairly  easily  in  chloroform  or  acetic  acid,  but  only 
sparingly  in  methyl  or  ethyl  alcohol,  acétone,  ether,  or  benzène  in  the 
cold,  and  was  insoluble  in  light  petroleum,  water,  or  hydrochloric  acid, 
Its  alcoholic  solution  was  only  slightly  bitter  to  the  t^^ste.  It  was 
neutral,  and  gave  neither  a  coloration  with  ferrie  chloride  nor  a 
precipitate  with  tannic  acid,  lead  acétate,  or  basic  lead  acétate  in 
alcoholic  solution.  Boiling  dilute  aqueous  sodium  hydroxide  dissolved 
it,  forming  a  pale  yellow  solution,  from  which  it  was  precij)itated  un- 
changed  on  the  addition  of  hydrochloric  or  sulphuric  acid  ;  it  may, 
therefore,  be  a  lactone.  With  concentrated  sulphuric  acid,  it  gave  a 
deep  purple  coloration,  as  observed  by  Pagenstecher,  the  colour  fading 
when  the  solution  was  kept  or  diluted  with  water,  and  agrey  flocculent 
precipitate  being  produced.  The  solution  in  chloroform  did  not 
decoloriî^e  bromine,  but  a  bromo-deiivative,  which  could  not  be  obtained 
pure,  was  formed  by  the  action  of  bromine  on  linin  mixed  with  acetic 
acid. 

In  view  of  the  possibility  that  linin  was  formed  by  the  hydrolysis 
of  a  glucoside,  attempts  were  made  to  acetylate  it  by  means  of  acetic 
anhydride,  alone  and  with  sodium  acétate,  and  of  acetyl  chloride,  but 
without  success.  In  one  experiment  with  acetyl  chloride  a  producfc 
was  obtained  which  after  crystallisation  from  alcohol  melted  at  220°, 
but  after  two  more  crystallisations  at  203°.  Whether  in  this  case  an 
acetyl  derivative,  easily  hydrolysed  by  alcohol,  had  been  formed  must 
be  left  uncertain  owing  to  the  want  of  material.  A  benzoyl  deriv- 
ative could  not  be  obtained  by  the  use  of  the  Schotten-Baumann 
method. 
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The  présence  of  metlioxyl  groups  in  linin  was  established  by  the 
Zeisel  method,  the  apparatus  employed  being  of  the  form  described  by 
W.  H.  Perkin,  sen.  (Trans.,  1903,  83,  1367),  supplemented  by  the 
inclusion  of  bulbs  containing  red  phosphorus  to  prevent  traces  of 
iodine  being  carried  over  into  the  alcobolic  silver  nitrate. 

0-27      gave  0-5535  Agi.     OMe=  27-09. 
0-3092     „     0-6423  Agi.     OMe  =  27-46. 

Cj9lIj205(OMe)4  requires  OMe  =  27-94  per  cent. 

Ail  attempts  to  isolate  a  definite  substance  from  the  demethylated 
residue  in  the  distilling  flask  -were  fruitless. 

Oq  fusion  of  linin  with  12  times  its  jveight  of  potassium  hydroxide 
at  175 — 180'^  for  15  minutes,  hydrogen  was  evolved,  and  the  product, 
after  neutralisation,  gave  an  acid  distillate,  which,  on  titration  -with 
caustic  soda,  was  found  to  contain  an  amount  of  acid  équivalent,  when 
calculated  as  acetic  acid,  to  10  per  cent,  by  Aveight  of  the  substance 
employed.  The  acid  could  not  be  identified,  and  nothing  definite 
could  be  obtained  from  the  remainder  of  the  product. 

Pagenstecher  found  that  linin  on  treatment  with  nitric  acid  became 
reddish-brown  with  évolution  of  gas,  but  he  could  not  detect  the 
formation  of  oxalic  acid  as  a  product  of  the  oxidation.  The  behaviour 
of  linin  with  nitric  acid  of  varions  strengths,  and  with  a  mixture  of 
nitric  and  sulphuric  acids,  was  studied,  and  oxalic  acid  found  to  be 
the  only  recognisable  product.  With  nitric  acid  (sp.  gr.  1-28),  a  purple 
coloration  was  obtained  in  the  cold,  accompanied  by  a  brisk  évolution 
of  gas,  the  linin  dissolving  to  form  a  red  solution. 

As  no  intermediate  product  of  oxidation  could  be  obtained  with 
nitncacid,  recourse  was  had  to  potassium  permanganate  as  an  oxidising 
agent.  This  was  found  to  effect  the  oxidation  most  readily  when 
added  to  a  solution  of  linin  in  5  per  cent,  aqueous  sodium  hydroxide, 
but  the  results  were  disappointing,  foralthougha  crystalline  substance 
melting  at  179°  and  quite  différent  in  appearance  from  linin  was 
obtained  when  the  addition  of  permanganate  was  stopped  after  10 
atomic  proportions  of  oxygen  had  been  used,  careful  examination 
showed  it  to  be  impure  linin.  Oxalic  acid  proved  to  be  the  only 
recognisable  oxidation  product  obtained  by  the  use  of  permanganate. 

Addendtim. — Since  this  paper  was  communicated  to  the  Society, 
Dr.  Heni-y  has  called  our  attention  to  the  remarkable  similarity 
Letween  linin  and  picropodophyllin,  which  was  re-examined  by  Dunstan 
and  Henry  in  the  course  of  their  investigation  of  the  constituents  of 
Indian  and  American  Podopliyllum  (Trans.,  1898,  73,  213).  The  mean 
percentage  composition  of  the  two  substances  is  practically  the  same, 
although  the  pi-oportion  of  methoxyl  contained  in  them  is  différent. 
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M.  W.  444.     C  =  62-08  ;  H  -  5-46  ;  OMe  =  27-28. 
Picropodophyllin,  G^^U^^Oq.     C  =  61-80;  H  =  5-38;  OMe  =  21-54. 

A  determinatiou  of  the  molecular  weight  of  picropodophyllin  is  not 
recorded.  Both  substances  give  a  bromo-derivative,  yield  oxalic  acid 
as  the  only  recognisable  oxidation  product,  produce  the  same  colora- 
tions with  niti'ic  and  sulphuric  acids,  and  dissolve  in  alcoholic  sodium 
hydroxide,  forming  solutions  which  gelatinise  on  treatment  with  dilute 
acetic  acid.  Linin,  however,  melts  at  about  205°  and  picropodophyllin 
at  227°,  whilst,  as  determined  by  Dr.  Henry,  to  whom  our  thanks  are 
due  for  making  the  comparison,  a  mixture  of  equal  parts  of  the  two 
melts  at  184°.  The  récognition  of  similar  non-purgative  compounds  in 
Linum  catharticum  and  Fodophyllum,  and  the  failure  to  isolate  the 
purgative  principle  of  either,  renders  the  further  investigation  of  their 
proximate  constituents  of  much  interest. 

Research  Laboratouy, 

Phaumaceutical  Society, 

Bloomsbuky  Square,  AV.C. 


XL. — The  Influence  of  Temjoeraturc  on  the  Inter- 
action hetiveen  Acetyl  Tliiocyanate  and  Certain 
Bases.  TJnocarhamides,  including  Carhoxy-aromatic 
Groups. 

By  the  late  Robert  Elliott  Doran  ;  compiled  by  Augustus  Edward 
DixoN. 

Introduction  [by  the  Comjntei-]. 

As  the  resuit  of  investigations  which  hâve  now  been  carried  on  for 
several  years  in  the  chemical  laboratory  of  Queen's  Collège,  Cork,  a  con- 
sidérable body  of  évidence  lias  been  accumulated,  going  to  cstablish 
amongst  certain  acyl  thiocyanates  the  existence  of  a  peculiar  kind  of 
tautomerism,  which  is  characterised  by  the  power  exhibited  by  thèse 
substances  of  behaving  either  as  such  or  as  thiocarbimides,  according 
to  the  conditions  under  which  they  are  caused  to  interact  (Tx-ans.,  1904, 
85,  807),  Until  comparatively  recently,  it  had  not  been  suspected 
that  température  alone  might  be  a  determining  factor  in  thèse 
tautomeric  phenomena  ;  for  although  it  is  well  known  to  effect  the 
change  of    unsaturated  hydrocarbon    thiocyanates   into    the    isomeric 
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thiocarbimides,  no  such  permanent  change  bas  yet  been  observée!  in  the 
case  of  thiocyanates  of  distinctly  acidic  radicles. 

The  discovery  that  Miquel's  "acetyl  thiocyanate  "  [Ann.  Chim.  Phys., 
1877,  [v],  11,  295),  when  iateracting  witb  aniline,  behaves  at  high 
températures  principally  as  thiocarbimide,  whilst  at  low  températures  it 
exchanges  to  a  large  extent  the  thiocarbimidic  character  for  that  of  a 
thiocyanate,  occurred  fortuitously  during  the  course  of  some  experi- 
ments  made  in  order  to  détermine  the  capacity  possessed  by  certain 
acidic  groups  of  expelling  others  from  combination.  Acetylphenyl- 
thiocarbamide  being  required  in  connection  with  this  work,  its 
préparation  was  conducted  by  mixing  at  the  ordinary  température  of 
the  laboratory  benzène  solutions  of  acetyl  thiocyanate  (prepared  from 
acetyl  chloride  and  lead  thiocyanate)  and  aniline.  Forty  per  cent, 
only  was  obtained  of  the  theoretical  yield,  reckoned  from  the  weight  of 
acetyl  chloride  employed,  and  calculated  on  the  basis  of  the  équations  : 

1.  2CH3-COCl  +  Pb(SCN)2  =  PbCl,  +  2CH,-CO-NCS. 


A  similar  resulb  followed  on  repeating  the  process,  and  since  acetyl 
thiocyanate  is  somewhat  prone  to  décomposition,  during  another  experi- 
ment  the  reagents  were  snrrounded  by  running  cold  water.  However, 
the  effect  of  this  précaution  was  that  a  smaller  yield  was  obtained  than 
when  it  was  not  taken. 

Again  the  experiment  was  tried,  with  constituents  heated  beforehand 
to  40°  ;  a  much  better  yield  was  now  produced,  which  was  improved 
still  further  by  mixing  the  solutions  at  températures  near  their 
respective  boiling  points,  the  combination  in  thèse  circumstances  being 
somewhat  violent. 

Following  up  thèse  results,  an  inquiry  was  commenced  for  the 
purpose  of  determining  quantitatively  the  course  of  the  interaction  at 
différent  tempei'atvires,  and  the  gênerai  conclusions  were  summarised 
in  a  brief  preliminary  note  (Proc,  1904,  20,  20).  The  intention  was 
to  refrain  from  fuller  publication  until  sufficient  data  should  be  avail- 
able  to  permit  of  the  graphie  plotting  of  the  results  ;  but  unhappily 
the  progress  of  this  research  has  been  interrupted  by  Mr.  Doran's 
untimely  death. 

His  note-book,  containing  the  record  of  a  number  of  experiments 
on  this  subject,  together  with  a  few  hitherto  unpublished  observations 
in  connection  with  his  work  on  the  chlorocarbonates  (Trans.,  1896,  69, 
324;  1901,  79,  906),  has  been  handed  to  me  for  compilation,  in  order 
that  the  scientific  results  might  be  preserved,  for,  unfortunately, 
thèse  had  not  been  incorporated  in  the  foi-m  of  a  paper.  In  the 
présent  communication,  therefore,  the  expérimental  data  are  the 
author's  ;  for  the  rest,  the  compiler  alone  is  responsible.     (A.  E.  D.) 
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Part  I. 
Acetyl  Thiocyanate  and  Aniline. 

Except  in  a  few  cases,  specifically  mentioned  below,  the  gênerai 
method  of  procédure,  when  working  at  low  or  moderate  températures, 
was  as  follows  :  a  weighed  quantity  of  acetyl  chloride,  dissolved  in 
anhydrous  benzène,  was  heated  with  excess  of  dry  lead  thiocyanate 
until  the  solution  ceased  to  give  the  reactions  of  chlorine.  After 
separating  the  insoluble  lead  salts  at  the  pump,  the  liquor  was  treated 
with  aniline,  dissolved  in  benzène,  and  added  from  a  burette  until  two 
molecular  proportions  of  base  were  présent  for  each  molecular 
proportion  of  acetyl  chloride  taken,  or  until  the  odour  of  acetyl  thio- 
cyanate was  no  longer  perceptible.  After  a  short  time,  the  benzène 
mother  liquor  was  poured  off  from  the  precipitate,  and  the  solution 
allowed  to  evaporate  at  the  température  of  the  air  ;  the  solid  residue 
of  this  evaporation  was  variable  in  amount,  and  consisted  principally 
of  acetylphenylthiocarbamide.  In  the  precipitate,  whicli  was  some- 
times  oily  and  sometimes  granulai',  aniline  thiocyanate  and  acetanilide 
were  found,  together  with  more  or  less  acetylphenylthiocarbamide. 
When  operating  at  températures  higher  than  20°,  the  constituents 
were  heated  separately  to  the  initial  température  of  the  experiment 
and  then  mixed  ;  where  it  was  desired  to  work  at  the  highest  tempéra- 
tures attainable  in  open  vessels,  with  benzène  or  toluène  as  solvent, 
one  constituent  was  boiled  in  a  reflux  apparatus,  while  the  other  was 
allowed  to  drip  in  slowly  from  a  tap-funnel  ;  in  sucli  préparations, 
only  one  molecular  proportion  of  base  was  employed  for  each  molecular 
proportion  of  acetyl  chloride  taken,  a  further  charge  being  added 
subsequently  to  the  warm  mixture  if  any  odoùr  of  thiocyanate  could 
be  detected.  Usually,  in  thèse  cases,  little  or  no  precipitate  appeared 
until  the  solutions  were  concentrated  by  spontaneous  evapox'ation  at 
the  ordinary  température  ;  it  may  hère  be  mentioned  incidentally, 
that  if  a  mixture  of  aniline  thiocyanate  with  much  benzène  is  heated 
on  the  water-bath  sufficiently  to  drive  off  ail  the  benzène,  isomeric 
change  into  phenylthiourea  occurs  to  a  very  perceptible  extent. 

Without  going  into  détails  concerning  the  results  of  individual 
experiments,  the  conclusions  to  which  they  lead  may  be  stated, 
qualitatively  and  quantitatively,  so  far  as  thèse  experiments  hâve  been 
carried,  in  the  foUowing  way. 

Acetyl  thiocyanate,  when  interacting  with  aniline,  produces  always 
more  or  less  acetylphenylthiocarbamide,  and  hence  does  not  act 
exclusively  as  thiocyanate  ;  neither  does  it  behave  purely  as  a  thio- 
carbamide,  for  the  products  hâve  never  yet  been  found  quite  free  from 
aniline  thiocyanate.  Two  processes,  in  fact,  appear  to  take  place 
simultaneously  : 

VOL.    LXXXVII.  A   A 
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(i)  An  additive-compound  is  formed,  thus  : 

AcNCS  +  PhNHg  =  AcNH-CS-NHPh. 

(ii)  Double  décomposition  occurs,  according  to  the  équations  : 

(a)  AcSCN  +  PhNHg  =  PhNHAc  +  HSCN,  and 
{b)  HSCN  +  PhNHo-PhNHg.HSCN". 

If  the  température  of  interaction  is  kept  very  low,  process  (i)  is 
almost  in  abeyance,  the  action  occurring  as  in  (ii),  but  with  rising 
température  this  kind  of  change  becomes  less  and  less  marked,  until, 
in  boiling  beozene,  over  nine-tenths  of  the  weight  of  acetyl  compound 
présent  unités  additively  with  the  aniline,  as  shown  by  équation  (i), 
to  form  the  disubstituted  thiocarbamide. 

Of  the  three  products,  namely,  aniline  thiocyanate,  acetanilide,  and 
acetylphenylthiocarbamide,  the  first  is  nearly  insoluble  in  benzène,  the 
second  is  but  spai-ingly  soluble  in  the  cold,  the  third  dissolves  to  a 
moderato  extent  ;  in  those  cases  where  aniline  caused  direct  précipita- 
tion, the  benzène  mother  liquor  was  evaporated  to  dryness  and  the 
residue,  if  trifling,  accounted  as  thiocarbamide  ;  but  if  it  amounted  to 
several  grams,  the  acetanilide  was  removed  by  crystallising  from  dilute 
alcohol,  in  which  the  thiocarbimide  is  but  sparingly  soluble  at  the 
ordinary  température.  To  separate  the  constituents  of  the  precipitate 
which  formed  in  the  benzène  solution  when  aniline  was  added,  the  dry 
mixture  was  treated  with  cold  vvater  until  free  from  aniline  thio- 
cyanate ;  the  aqueous  extract,  when  evaporated  to  dryness,  left  a 
residue,  which  was  weighed  and  considered  to  be  the  aniline  thio- 
cyanate originally  présent.  In  some  experiments,  the  residue  left 
after  extraction  of  the  aniline  thiocyanate  was  dried  and  weighed 
again,  the  différence  between  the  two  weighings  being  taken  as  a 
measure  of  the  aniline  thiocyanate.  Finally,  the  residue  was  dissolved 
in  boiling  dilute  alcohol,  from  which,  on  cooling,  most  of  the  thio- 
carbamide crystallised  out,  and  was  weighed  directly  ;  the  acetanilide 
was  determined,  sometimes  by  différence  and  sometimes  by  evaporating 
to  a  small  bulk  the  weak  alcoholic  solution  from  which  the  thio- 
carbamide had  been  deposited,  and  collecting  the  anilide  which 
separated  out,  the  latter  method  being  preferred,  since,  by  determin- 
ing  the  melting  point  of  the  product,  it  could  be  ascertained  whether 
the  anilide  was  tolerably  pure. 

It  need  scarcely  be  said  that  the  methods  employed,  especially 
those  for  the  quantitative  détermination  of  the  products,  are  capable 
of  yielding  only  very  rough  approximations  to  the  actual  values,  more 
particularly  as  regards  the  proportion  of  acetylphenylthiocarbamide, 
a  value  which  it  was  important  to  secure.  But  the  investigation,  so 
far  as  it  had  gone,  amounted  to  little  more  than  a  séries  of  preliminary 
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experiments,  in  which  no  greater  accuracy  was  contemplated  than 
would  suffice  to  indicate  broadly  the  course  of  the  intei-actions.  In 
such  a  séries,  no  spécial  précautions  were  taken  to  secure  uniformity  ; 
the  acetyl  chloride  was  used  as  purchased,  and  contained  phosphorus, 
the  aniline  was  uot  freshly  distilled,  variable  weights  of  materials 
were  employed  for  interaction,  and  the  degree  of  dilution  of  the 
materials  with  benzène  was  not  measured.  Naturally,  therefore,  the 
results  présent  certain  discrepancies  in  détail,  but  not  such  as  to 
obscure  the  main  issue. 

The  following  experiments  are  arranged,  not  in  the  order  of  their 
performance,  but  according  to  the  températures  at  which  the  con- 
stituents  were  mixed.  Moreover,  the  quantities  of  acetyl  thiocyanate 
named  are  calculated  (save  where  the  pure  substance  was  employed) 
from  the  weight  of  acetyl  chloride  taken,  assuming  a  quantitative 
exchange  of  chlorine  for  the  thiocyanogen  group. 

No.  1. — Température  of  interaction  from  -  8°  to  -3°:  5*05  grams 
of  pure  freshly  distilled  acetyl  thiocyanate  and  9-3  grams  of  aniline 
yielded  13  "5  grams  of  solid  matter;  the  niother  liquor,  free  from  thio- 
cyanic  acid,  gave  0*5  gram  of  acetylphenylthiocarbamide,  the  total 
weight  being  14  grams.  The  precipitate,  which  appeared  to  consist 
entirely  of  acetanilide  and  aniline  thiocyanate,  gave  on  treatment 
with  water  6  grams  of  acetanilide,  against  6 '45  calculated,  after 
allowing  for  the  amount  of  thiocarbamide  obtained  ;  this  leaves  7*5 
for  the  aniline  thiocyanate,  but  on  evaporating  the  solution  only 
5  grams  of  solid  were  left.  The  weight  of  acetylphenylthiocarbamide 
corresponds  to  5 '2  per  cent,  of  what  the  acetyl  compound  could  yield 
if  acting  exclusively  as  thiocarbimide. 

No.  2. — Température,  -  5^  to  -  2°  :  5-05  grams  of  acetyl  thiocyanate 
in  much  benzène  and  9-3  grams  of  aniline  yielded  very  little  solid, 
the  product  being  mainly  oil.  In  alJ,  9 "7  grams  were  obtained, 
together  with  1-5  grams  from  the  mother  liquor,  the  whole  containing 
l'3  grams  of  acetylphenylthiocarbamide  (m.  p.  171 — 172°).  The 
9-7  grams  of  precipitate  were  resolved  by  cold  water  into  4*5  grams  of 
residue,  whilst  4-5  grams  were  left  on  evaporating  the  aqueous  extract  ; 
0"7  gram,  therefore,  remains  unaccounted  for  in  this  process.  Acetyl- 
phenylthiocarbamide (1-3  grams)  would  absorb  0-675  gram  of  acetyl 
thiocyanate,  leaving  4*325  grams  to  behave  as  acetylthiocarbimide  ; 
this  should  give  12  "3  grams  of  mixture,  whereas  9*7  grams  only  were 
obtained.  Assuming  this  mixture  to  consist  solely  of  thiocyanate  and 
anilide,  the  latter  would  amount  to  about  4-56  grams,  whilst,  as  stated 
above,  4-5  grams  of  crude  acetanilide  were  left.  The  weight  of  acetyl- 
phenylthiocarbamide produced  corresponds  to  about  13 '5  per  cent,  of 
what  could  resuit  if  the  yiekl  of  the  acetyl  compound  were  quantita- 
tive and  its  function  purely  thiocarbimidic  (this  is   called  below  the 
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"  possible  yield  "),  and  the  total  weight  of  products  accounts  for 
81  per  cent,  of  the  acetyl  chloride  used. 

jSfo.  3. — Température,  -6°  to  +P  (meau  about  -  2°)  :  lOl  grams 
of  acetylthiocyanate  and  18-6  grams  of  aniline  yielded  20  grams  of 
solid  matter,  and  3  grams  of  acetylphenylthiocarbamide  were  found 
in  tlie  motlier  liqiior.  When  extracted  with  cold  water,  the  main  crop 
left  7  grams  of  acetanilide  not  quite  free  from  thiocarbamide,  and 
the  extract  gave  13  grams  of  residue,  mostly  aniline  thiocyanate. 
This  sait  cannot  be  evaporated  to  dryness  in  aqueous  solution  with- 
out  undergoing  some  change  into  phenylthiourea.  Reckoned  as  in 
the  preceding  experiment,  the  yield  of  acetylphenylthiocarbamide 
amounts  to  about  15 "5  per  cent,  of  that  possible,  and  the  total  weight 
of  products  accounts  for  some  85  per  cent,  of  the  acetyl  chloride 
employed. 

No.  4.— Température,  20",  rising  to  55°  (mean  about  37°):  5-05 
grams  of  acetylthiocyanate  and  7 '65  grams  of  aniline  gave  3 "2  grams 
of  acetylphenylthiocarbamide,  or  about  33  per  cent,  of  the  possible 
yield  ;  in  addition,  there  were  2  grams  of  acetanilide  and  2 '5  grams  of 
aniline  thiocyanate.  Thèse  products  would  absorb  in  their  forma- 
tion r66  grams  of  acetyl  thiocyanate  and  0'75  and  0'83  gram  respec- 
tively  of  acetylthiocarbimide,  the  total,  3*24  grams,  corresponding 
to  68  per  cent,  of  the  acetyl  chloride  taken. 

No.  5. — Température,  40°  to  50°  (mean  about  45°)  :  10*1  grams  of 
acetyl  thiocyanate  and  14"3  grams  of  aniline  yielded  9  grams  of  acetyl- 
phenylthiocarbamide, corresponding  to  46 '5  per  cent,  of  the  possible 
yield,  and  absorbing  4-68  grams  of  acetylthiocarbimide  ;  in  addition, 
there  were  13  grams  of  mixed  anilide  and  thiocyanate,  thereby 
accounting  for  92  per  cent,  of  the  acetyl  chloride  used. 

No.  6. — Température,  50°  to  85°  (mean  about  67°)  :  505  grams  of 
acetyl  thiocyanate  and  5*65  grams  of  aniline.  On  bringing  the  con- 
stituents  together,  the  température  rose  quickly  to  85°,  whereupon  the 
mixtux-e  began  to  boil.  A  solid  mixture  (10-5  grams)  was  obtained, 
which  gave  up  to  cold  water  2 "5  grams  of  aniline  thiocyanate;  the 
remaining  8  grams  were  resolved  into  4  grams  of  pure  recrystallised 
acetylphenylthiocarbamide  and  2  grams  of  acetanilide.  Since  the 
2*5  grams  of  thiocyanate  would  be  accompanied  by  2 '8  grams  of 
acetanilide,  the  4  grams  of  recrystallised  thiocarbamide  came,  pre- 
sumably,  from  5 '2  grams  originally  présent  in  the  mixture.  That  is, 
53*5  per  cent,  of  the  acetyl  compound,  supposing  it  to  be  formed 
quantitatively,  has  acted  as  thiocarbimide  ;  the  remainder,  acting  as 
thiocyanate,  should  give  6  "65  grams  of  mixed  anilide  and  thiocyanate, 
or  a  total  of  11-85  grams  against  the  10-5  grams  obtained.  Hence, 
in  this  experiment,  of  the  acetyl  chloride  employed,  about  89  per  cent, 
is  accounted  for. 
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y^o.  7. — lO'l  grams  of  acetyl  thiocyanate  and  9'3  grams  of  aniline, 
both  dissolved  in  benzène,  were  heated  separately  to  75°  and  the 
solutions  mixed  in  bulk  ;  the  mixture  boiled  freely,  but  nothing 
separated,  except  a  trace  of  oily  matter.  The  solution,  when  poured 
otî  from  this  and  left,  slowly  deposited  10  grams  of  pracfcically  pure 
acetylpheuylthiocarbamide  (m.  p.  171 — 172=)  ;  the  mother  liquor 
required  3  grams  more  of  aniline  to  destroy  the  odour  of  acetyl  thio- 
cyanate, and  by  evaporation  gave  8'5  grams  of  a  solid  containing 
very  little  thiocarbamide,  but  giving  distinctly  the  reactions  of  aniline 
thiocyanate.  The  yield  of  acetylphenylthiocarbamide  amounts  to 
41  "5  per  cent,  of  that  possible,  whilst  77*5  per  cent,  of  the  acetyl 
chloride  taken  is  accounted  for  in  the  total  weight  of  products 
obtained. 

The  three  following  experiments  were  conducted  by  allowing  the 
acetyl  compound  to  drip  slowly  down  a  tube,  passing  through  a 
vertical  condenser  into  a  boiling  solution  of  the  atnine,  or  vice  versa  ; 
the  températures  were  not  measured,  but  where  benzène  was  employed 
as  solvent  were  probably  not  very  far  from  85°. 

No.  8. — 10 '1  grams  of  acetyl  thiocyanate  in  benzène  were  passed 
slowly  into  a  boiling  solution  of  9 '3  grams  of  aniline  in  benzène  ;  on 
cooling,  11  grams  of  thiocarbamide  crystallised  out,  and  the  mother 
liquor,  when  concentrated,  gave  6  grams  more  of  the  same  substance, 
the  total  amounting  to  about  88  per  cent,  of  the  possible  yield. 

Xo.  9. — The  preceding  experiment  was  repeated  under  identical 
conditions,  except  that  the  aminé  was  dropped  into  the  solution  of  the 
thiocyanate  and  the  mixture  elïected  more  rapidly  :  15*5  grams  of 
acetylphenylthiocarbamide  resulted,  or  about  80  per  cent,  of  the 
possible  yield  ;  in  both  this  and  the  preceding  experiment,  the  mother 
liquor  gave  marked  indications  of  thiocyanic  acid. 

No.  10. — 5"05  grams  of  acetyl  thiocyanate  were  used,  the  solution  of 
the  aminé  (4-65  grams)  being  admitted  below  the  surface  of  the  boiling 
liquid  ;  in  this  way,  8 -S  grams  of  thiocarbamide  were  obtained,  or 
about  91  per  cent,  of  the  possible  quantity. 

No.  11. — 5*05  grams  of  pure  distilled  thiocyanate  and  4'7  grams  of 
aniline,  each  dissolved  separately  in  boiling  toluène,  wei-e  mixed 
quickly;  the  interaction  was  very  vigorous,  and  ultimately  8  grams  of 
acetylphenylthiocarbamide  wei-e  collected,  amounting  to  only  82-5  per 
cent,  of  the  possible  yield.  The  mother  liquor  reacted  very  freely  for 
thiocyanic  acid. 

In  certain  of  the  experiments  described  above,  the  change  of  tenjper- 
ature  duriug  the  interaction  was  so  large  compared  with  the  total 
range  brought  under  observation  that  it  is  difficult  to  connect  yield 
and  température  save  in  an  approximate  manner,  which  does  not 
admit  of  the  results  being  plotted  as  a  curve.     Moreover,  even  if  the 
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températures  were  known  within  a  few  degrees  for  each  interaction,  it 
is  doubtful  whether  the  methods  adopted  for  measuring  the  yields  of 
tlie  varions  products  are  sufficiently  précise  to  define  its  shape. 
Nevertheless,  it  is  easy  enough  to  folio w  in  a  gênerai  way  the  effect 
produced  by  increasing  température  on  the  power  exhibited  by  acetyl 
thiocyanate  of  affording  a  thiocarbamide  with  aniline  ;  unfortunately, 
the  déterminations  of  the  relative  quantity  of  thiocyanic  acid  formed, 
also  an  important  faetor,  are  too  few  and  too  erratic  to  lend  themselves 
to  tabulation. 

As  a  basis  for  the  figures  given  in  the  following  table,  the  method 
of  calculation  adopted  is  this  :  (i)  where  the  température  varied  much 
during  interaction,  the  mean  value  is  taken  ;  in  cases  where  boiling 
occui-red,  the  température  thereby  attained  is  taken  as  85°  ;  (ii)  it  is 
assumed  that  the  whole  of  the  acetyl  chloride  employed  in  any  experi- 
ment  is  converted  into  the  corresponding  thiocyanate,  and  that  the 
latter  is  collected  without  loss  ;  (iii)  the  weight  of  acetylphenylthio- 
carbamide  obtained  is  taken  as  the  measure  of  the  quantity  of  acetyl- 
thiocarbimide  présent  at  a  given  température,  the  percentage  of  acetyl- 
thiocarbimide  being  calculated  on  the  principle  that  a  yield  of  194 
parts  of  thiocarbamide  for  78'5  parts  of  acetyl  chloride  employed 
would  correspond  to  100  per  cent,  of  acetylthiocarbimide  existing  in 
the  "thiocyanate."  Expérimenta  9  and  11  hâve  not  been  incorporated 
in  the  table^  the  former  being  omitted  because  the  usual  order  of  mix- 
ing  the  constituants  was  reversed,  and  the  latter  because  a  différent 
solvent  was  employed. 


Table  showitig  the  Effect  of  Température  on  the  ItUeraction  beti 
Aniline  and  Acetyl  Thiocyanate. 


Mean  tempera-    Perceutafje 

No.  of  tuie  of  of  acetyl 

îxpeiiment.  interaction,  thiocarbimide. 

1  -5"  5-2 

2  -4  13-4 

3  -2  15-5 

4  +37  33-0 

5  +45  46  "5 


Mean  tempera-  Percentage 

No.  of            ture  of  of  acetyl 
expcriment.    interaction,    thiocarbimide. 

6  +67"  53-7 

7  +80(?)  51-5 

8  /B.p.  of  benz-\  877 
10       \  eue  sohitiou  j"  91-0 


Acetyl  Thiocyanate  and  other  Bases. 

[a)  o-Toluidine. 

Two  experiments  were  carried  out  in  benzène  solution, 
(i)  5 '05  gx'ams  of  acetyl  thiocyanate  were  added  slowly  to  10  7 
grams  of  o-toluidine  at  about  -  3°.  Solid  and  cil  were  formed,  the 
latter  being  separated  as  far  as  possible  at  the  pump  ;  the  l'esidue,  a 
sticky  mass  weighing  9  grams,  when  recrystallised  from  apirit,  gave  6 
grams  of  acetyl-o-tulylLhiocarbamide,  melting  at  183 — 184°. 
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(ii)  This  process  was  repeated  at  the  boiling  point  with  5*05  grams 
of  acetyl  thiocyanate  and  5"5  grams  of  aminé;  9*5  grams  of  crystal- 
line  solid  resulted,  and  the  mother  Hquor  gave  0-3  gram  more,  together 
with  some  oily  droplets,  reacting  strongly  for  thiocyanic  acid.  On 
recrystallisation,  the  main  crop  gave  8-5  gi^ams  of  acetyl-o-tolylthio- 
carbamide  (m.  p.  184°). 

So  far  as  can  be  judged  from  thèse  experiments,  température  has 
little  influence,  if  any,  between  the  limits  indicated,  on  the  combination 
betvveen  o-toluidine  and  acetylthiocarbimide,  the  yields  of  additive 
product  amounting  respectively  to  86 '5  and  more  than  91  per  cent,  of 
that  theoretically  possible  ;  the  slight  deficiency  in  the  former  case  may 
perhaps  be  due  to  the  solvent  action  of  a  quantity  of  uncombined 
o-toIuidine. 

(b)  Secondary  Bases. 

(i)  Methylaniline. — Concurrently  with  the  foregoing  experiments, 
attempts  were  made  to  combine  acetyl  thiocyanate  with  some  second- 
ary  bases  ;  the  first  of  thèse  selected  was  methylaniline.  Vigorous 
interaction  occurred  on  mixing  the  constituents  in  benzène  solution, 
heated  nearly  to  the  boiling  point  ;  the  mixture  on  cooling  deposited 
white  crystals  amounting  to  about  36  per  cent,  of  the  possible  yield. 
When  recrystallised  from  dilute  alcohol,  the  product  melted  at  93 — 94° 
with  décomposition,  and  afforded  15'56  per  cent,  of  sulphur  against 
15-4  calculated  for  CjoH^g^^^a^*  Acetylmethylphenylthiourea  dis- 
solves very  freely  in  alcohol  and  in  benzène,  and  is  desulphurised  by 
alkaline  lead  solution  only  after  prolonged  boiling. 

(ii)  Bemylaniline. —  Combination  was  less  energetic  than  in  the  pre- 
ceding  case,  but  the  yield  was  very  satisfantory,  amounting  to  more 
than  91  per  cent,  of  that  theoretically  possible.  When  recrystallised 
from  weak  spirit,  the  substance  formed  a  mass  of  fine  rhombic  crystals 
meltingat  110—111°. 

Found,  S  =  11-23  ;  CigHieONgS  requires  S  =  11-26  per  cent. 

Acetylphenylbenzylthiourea  is  readily  soluble  in  hot  alcohol  or 
benzène,  moderately  so  in  cold  ;  it  is  insoluble  in  water,  and  nearly 
insoluble  in  light  petroleura. 

(iii)  Piperidine. — With  this  base,  somewhat  singular  results  were 
obtained,  of  which  a  satisfactory  explanation  is  still  wanting. 

Piperidine  (8'5  grams),  dissolved  in  benzène,  was  dropped  slowly 
into  a  boiling  benzène  solution  of  lO'l  grams  of  acetyl  thiocyanate; 
very  vigorous  action  occurred,  and  even  while  the  liquid  was  still  hot 
a  solid  separated  in  large,  shining  plates.  On  cooling,  this  product 
was  collected  ;  its  weight  amounted  to  2  grams,  and  the  substance, 
when  recrystallised  from  chloroform,  melted  at   95 — 96°  and  proved 
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to  be  piperidine  thiocyanate.  The  naother  liquor  reacted  strongly  for 
thiocyanic  acid,  and  was  freely  desulphurised  by  alkaline  lead  or  silver 
salts,  but  no  sign  of  solid  matter  was  observed  in  the  viscid  residue, 
even  after  very  prolonged  standing.  After  several  months,  the  residue 
was  mixed  with  alcohol,  whereupon  the  odour  of  ethyl  acétate  soon 
became  distinctly  pei-ceptible,  increasing  gradually  to  a  maximum  and 
then  slovvly  passing  off  ;  meanwhile,  very  fine  large  crystals  began  to 
be  deposited,  of  which,  after  a  few  weeks,  two  grams  were  obtained  : 
they  melted,  both  before  and  after  recrystallisation,  from  a  mixture  of 
alcohol  with  benzène  at  126 — 127°,  but  proved  net  to  be  the  expected 
acetylpiperidylthiourea. 

The  product  exhibited  the  gênerai  propeities  of  a  thiourea,  being 
readily  desulphurised,  for  instance,  by  ammoniacal  silver  nitrate  even 
in  the  cold  ;  but  an  analysis  gave  S  =  22'l,  whilst  the  compound 
AcN-C(SH)-NC-Hio  would  require  S=  17-21  per  cent.  But  the  pro- 
perties,  the  melting  point,  and  the  amount  of  contained  sulphur  are  ail 
consistent  with  the  view  that  the  substance  is  identical  with  the 
"  piperidylthiourea  "  obtained  by  Wallach  {Ber.,  1899,  32,  1872)  from 
cyanogen  bromide,  pipei'idine,  and  hydrogen  sulphide.  The  experi- 
ment  was  twice  repeated  with  precisely  similar  results  ;  in  one  case, 
every  précaution  was  taken  against  access  of  moisture  and  a  slightly 
increased  quantity  of  the  aminé  was  used  ;  no  différence  whatever 
was  obsex'ved  in  the  course  of  the  process,  but  ultimately  larger  yields 
of  piperidine  thiocyanate  and  the  thiourea  were  obtained,  amounting 
to  3-2  grams  of  the  former  and  4-0  grams  of  the  latter,  reckoned  on 
the  same  quantity  of  acetyl  thiocyanate  as  before. 

Assuming  that  acetylpiperidylthiourea  is  first  formed,  a  possible 
explanation  of  the  production  of  piperidylthiourea  is  the  following  : 

AcNH-C(SH)-NC5Hio  +  EtOH  =  EtOAc  +  NHo-C(SH)-NC5Hjo. 

Two  difficulties,  however,  stand  in  the  way  of  its  acceptance.  The 
first  is  that,  as  a  rule,  trisubstituted  thioureas  are  not  very  easily 
saponified,  and  therefore  it  is  scarcely  crédible  that  cold  alcohol  should 
be  able  to  remove  the  acetyl  group  ;  on  the  other  hand,  piperidylthio- 
urea is  formed  with  exceptional  difficulty  by  the  ordinary  method,* 
and  hence  the  acetyl  derivative  might  conceivably  présent  features 
differing  from  those  of  other  compounds  of  this  class.  However, 
acetylpiperidylthiourea  can  be  prepared  by  the  direct  acetylation  of 
this  supposed  piperidylthiourea,  and  its  properties  constitute  the 
second  difficulty  as  regards  the  suggested  explanation. 

On  warming  the  supposed  piperidylthiourea  on  the  water-bath  with 
excess  of  acetic  anhydride,  it  soon  dissolved,  and  crystals  separated  on 

*  The  compiler  lias  made  several  unsuccessful  attenipts  to  convert  piperidine  thio- 
cyanate, by  heating,  into  the  isomeric  thiourea. 


ACETYL  THIOCYANATE.  341 

cooling  ;  when  recrystallised  from  boiling  water,  they  formeJ  long 
prisms,  easily  distinguishable  from  the  short,  thick  crystals  of  the 
parent  substance,  and  melting  at  112 — 113^.  The  new  coaipound 
dissolves  freely  in  alcohol  or  benzène  ;  it  is  easily  soluble  in  hot  water, 
but  sparingly  in  the  cold  solvent,  and  is  nearly  insoluble  in  light 
petroleum.  Moreover,  the  acetyl  group  is  very  hrmly  held,  for  the 
solution  was  not  desulphurised  by  ordinary  treatment  with  alkaline 
salts  of  lead  or  silver,  but  yielded  up  its  sulphur  only  after  boiling 
with  concentrated  potassium  hydroxide.  A  sulphur  détermination 
gave  17'3,  the  number  calculated  for  C^Hj^ONoS  being  17'21  per  cent. 
When  boiled  with  alcohol,  not  a  trace  of  ethyl  acétate  was  formed  ; 
it  is  therefore  certain  that  the  piperidylthiourea  resulting  as  described 
above  does  not  originate  through  the  action  of  alcohol  on  the  acetyl- 
piperidylthiourea  already  formed. 


(c)  Ammonia. 

In  almost  every  case  hitherto  recorded  where  ammonia  interacts 
with  the  thiocyanate  of  a  fatty  acid,  little  or  no  thiourea  is  formed, 
but  the  products  of  double  décomposition,  namely,  thiocyanic  acid, 
together  with  fatty  amide  appear  instead.  The  first  experiment  of  this 
kind  was  carried  out  by  Miquel,  who  obtained  from  his  acetyl  thio- 
cyanate an  oil,  miscible  with  water  and  having  the  empiriçal  compo- 
sition of  acetamide  thiocyanate  ;  from  this  oil,  a  very  small  quantity 
of  a  crystalline  solid  was  deposited,  which  he  conjectured  might 
possibly  be  acetylthiourea. 

Since  the  power  of  acetyl  thiocyanate  to  combine  directly  with 
aniline  is  so  greatly  enhanced  at  high  températures,  the  question 
naturally  arose  whether  this  might  also  be  favourable  to  its  union 
with  ammonia.  In  order  to  décide  this  point,  ammonia  gas  (not 
dried)  was  led  through  a  solution  of  the  acetyl  compound  in  boiling 
benzène  ;  much  fuming  occurred,  with  séparation  of  an  oil  which 
proved  to  be  ammonium  thiocyanate,  and  the  liquor  poured  ofE  from 
this  deposited  a  small  quantity  of  nearly  pure  acetylthiourea.  On 
repeating  the  experiment  with  8  grams  of  freshly  distilled  acetyl 
thiocyanate  in  boiling  toluène,  a  little  oil  separated,  which  presently 
crystallised  (ammonium  thiocyanate)  ;  some  hydrogen  .sulphide  escaped, 
and  from  the  residual  liquor  2  grams  of  acetylthiourea  were  obtained, 
or  a  little  more  than  21  per  cent,  of  the  possible  yield,  supposing  the 
acetyl  compound  to  be  purely  thiocarbimidic  in  function. 

The  above  results,  although  not  décisive,  seem  to  point  in  the  same 
direction  as  those  obtained  with  aniline. 

This  concludes  the  work  carried  out  by  the  author  (R.  E.  D.)  on 
acetyl  thiocyanate. 
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GarhoxyjÂeuyl-  and  Carboxi/guaicicol-thiocarbaiiiides. 

The  following  preliminary  experiments  were  carried  out  with  the 
assistance  of  samples  of  the  chlorocarbonates  derived  from  phénol  and 
from  guaiacol,  which  had  kindly  been  presented  to  the  author  by  the 
Farbenfabriken  vorm.  F.  Bayer  à  Co. 

In  oïder  to  prépare  carboxyphenylthiocarbimide,  phenyl  chlorocar- 
bonate,  CgHgO'COCI,  dissolved  in  benzène,  was  left  for  some  days  in 
contact  with  finely  powdered  dry  potassium  thiocyanate  until  the 
solution  ceased  to  give  the  reactions  of  chlorine  ;  the  solid  was  thea 
removed  at  the  pump  and  washed  with  more  benzène.  The  filtrate 
had  little  pungent  odour,  and  when  shaken  up  with  water  afforded  no 
thiojyanic  acid,  but  gave  with  alkaline  solutions  of  silver  and  lead 
salts  the  desulphurisation  reactions  indicating  the  présence  of  a  thio- 
carbimide,  and  when  treated  with  bases  combined  with  them,  evolving 
beat  and  producing  the  corresponding  additive  compounds. 

Carboxypheui/lmethylihiocarbamide,  O^H^'O'CO-NH-OS-NH'CHa. 

By  mixing  the  benzène  solution  with  aqueous  methylamine,  diluted 
with  alcohol,  and  allovving  the  mixture  to  concentrate  by  evaporation, 
a  somewhat  oily  solid  was  obtained,  crystallising  from  alcohol,  which 
dissolves  it  moderately  easily  when  bot,  but  sparingly  in  the  cold,  in 
long,  glistening  prisms  melting  at  175 — 176°. 

0-204  gave  0-228  BaSO^.     S  =  15-36 

CgHj^OgN^S  requires  S  =  15-27  per  cent. 

This  substance  is  isomeric  with  the  carboxymethylphenylthiocarb- 
amide,  MeO-00-NH-CS-NHPh  (m.  p.  158°),  obtained  by  the  author 
(Trans.,  1901,  79,  908)  from  carboxymethylthiocarbimide  and  aniline. 

Cavboxy2)heni/lhoaia}jlt]ùocarbaiaide,  CgH5*0'C0*NH*CS'NH'Cr,Hjj. 

XJbing  {soamylamine,  a  solid  was  obtained  together  with  a  good 
deal  of  oil,  the  latter  being  extracted  at  the  pump  :  the  crystalline 
solid,  after  washing  with  dilute  alcohol,  melted  at  99 — 100^  and  gave 
S  =  12-05  against  S=  12-03  per  cent.,  calculated  for  C^glIjgOoNgS. 

Carboxyisoamylphenylthiocarbamide,  CgHiiO-CO-NH-CS^NH-CgHj 
{loc.  cit.,  p.  914),  isomeric  with  the  above  compound,  melts  at  97 — 98°. 
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Carboxi/di2)heni/lthiocarbamide,  Cglî^-O-CO'l^R-Cti-NK'C^M^. 

Aniline  gave  the  diphenylated  derivative,  which  melted  at  148  — 149"^ 
and  was  easily  desulphurised  by  alkaline  lead  tartrate. 

Found,  S  =  11-78.     Cj^Hj20o'N'2S  requires  S  =  11-76  par  cent. 

Acebylphenylthiocarbamide  (2  grams),  when  warmed  on  the  water- 
bath  with  excess  of  plienyl  chlorocarbonate,  gradually  dissolved,  wbilst 
acetyl  chloride  escaped,  and  the  résultant  mixture,  when  cooled  and 
treated  with  alcohol,  yielded  the  above  carboxydiphenyl  compound 
(1-5  grams),  melting  at  148 — 149"^  : 

PhCOoCl  +  AcNH-CS-NHPh  =  AcCl  +  PhO'CO-NH-CS-NHPh. 

Carboxyguaiacolplienyhhiocarhamide, 

CHg-O-CoH.-O-CO-NH-CS-NH-C.Hs. 

This  compound,  like  the  preceding,  was  obtained  by  expelling  the 
acetyl  group  from  acetylphenylthiocarbamide,  guaiacol  chlorocarbonate 
being  employed  for  the  purpose.  A  solid  was  obtained,  melting  at 
154 — 155°  and  giving  a  fine  mirror  of  galena  when  warmed  with  au 
alkaline  solution  of  lead  tartrate. 

The  composition  was  checked  by  means  of  a  sulphur  détermination  : 

0-208  gave  0-159  gram  BaSO^.     S  =  10-5. 

Cj.Hj^OgN.^S  requires  8=  10-59  per  cent. 

By  treatiug  with  alcoholic  ammonia  the  solution  containing  the  pro- 
duct  of  the  action  of  phenyl  chlorocarbonate  on  potassium  thiocyanate, 
a  solid  was  obtained  melting  at  169 — 170°  3  it  was  desulphurised  at 
once  in  the  cold  by  ammoniacal  silver  nitrate,  and  slowly  on  boiling 
with  an  alkaline  lead  solution.  No  analysis  was  made,  but  in  view  of 
the  mode  of  préparation  and  the  properties  mentioned,  there  can  be 
little  doubt  that  this  substance  was  carboxyphenylthiourea. 
Chemical  Depahtment, 
Queen's  Collège, 

COIIK. 
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XLI. — Piîiene  iaoNitrosocyanide  and  ils  Derivatives. 

By  William  Augustus  Tilden  and  Harry  Burrows. 

A  BRIEF  description  of  tlie  cyanide  and  some  of  its  réactions  lias  been 
given  in  the  "  Preliminary  notice  of  some  nevv  derivatives  of  pitiene 
and  other  terpenes,"  by  the  same  authors  (Proc,  1902,  18,  161). 

rinene  iso Nitrosocyanide. — In  order  to  prépare  this  compound,  a 
number  of  flasks  are  each  charged  witli  20  grams  of  pinene  nitroso- 
chloride,  8  grams  of  finely-powdered  potassium  cyanide,  and  75  ce.  of 
alcoliol  (84  per  cent.),  and  the  mixture  left  at  the  ordinary  tempéra- 
ture with  fréquent  shaking  for  at  least  twenty-four  hours.  Eight 
grams  of  cyanide  and  30  ce.  of  alcohol  are  then  added,  and  the  mixture 
slowly  heated  to  the  boiling  point  and  kept  at  that  température  until 
the  reaction  is  finished.  Suflicient  beat  is  developed  to  keep  the 
alcohol  boiling  for  a  fevv  minutes.  The  mixture  is  then  poured  into 
abont  six  times  its  volume  of  cold  water  and  left  for  a  few  hours. 
The  nitrosocyanide  is  precipitated,  and  may  be  purified  by  crys- 
tallisation  from  alcohol.  The  nitrosochloride  yields  rather  less  than 
half  its  weiglit  of  the  cyanide.  The  by-products  are  viscid  and  do  not 
crystallise  even  after  long  standing. 

This  compound  crystallises  in  thick,  colourless  prisms  which  melt 
at  171°.  When  crystallised  from  ether  and  occasionally  from  other 
solvents,  it  readily  yields  large,  transparent  prisms,  which  exhibit 
triboluminescence  in  a  remarkable  degree.  On  decanting  the  mother 
liquor  from  the  crystals,  flashes  of  light  accompanied  by  a  crackling 
Sound  were  several  times  noticed.  Thèse  phenomena  seem  to  be 
dépendent  on  the  size  and  transparency  of  the  crystals.  The  opaque 
crystals  which  are  often  formed  give  no  flash  when  crushed. 

This  niti'osocyanide  is  soluble  in  dilute  alkali,  and  is  unchanged  by 
boiliûg  with  a  coneentrated  solution  of  caustic  potash,  being  precipitated 
unaltered  on  addition  of  an  acid.  Boiled  with  dilute  hydrochloric  acid,  it 
yields  hydroxylamine  and  uncrystallisable  products.  It  behaves  as  a 
saturated  comjiound  towards  bromine,  and  is  not  oxidised  by  alkaline 
permanganate.  The  nitrosocyanide  and  its  derivatives  are  optically 
inactive. 

01948  gave  0-4916  (JO.  and  0-1436  H.O.     C- 68-83;  H  =  8-19. 
0  2220     „    28-4  ce.  moist  nitrogen  at  24°  and  766  mm.  N  =  14-47. 
CiiHjgONo  requires  C  =  68-75  ;  H  =  8-33  ;  N  =  14-58  per  cent. 

Dissolved  in  benzène,  it  gave  by  the  cryoscopic  method  a  molecular 
weight  188,  whilst  the  formula  CioIIi5(INOH)'CN  corresponds 
with  192. 
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The  only  compound  of  tlie  kind  which  appears  to  hâve  been  investi- 
wated  is  the  cyanide  obtained  by  WaUach  from  amylene  nitrosate 
{Annalen,  1888,  248,  164).  That  compound  is,  however,  fairly  easily 
liydrolysed  by  caustic  potash,  yielding  t.he  coiresponding  amide  and 
acid.  This  différence  of  l^ehaviour  can  only  be  attributed  to  the 
différence  of  constitution  of  the  parent  hydrocarbons,  amylene  being 
an  open  chain,  whilst  pinene  has  a  cyclic  structure.  In  both  com- 
pounds,  the  oxime  and  nitrile  groups  a»  e  in  the  ortho  position  relatively 
to  each  other. 

Meihyl  Ether  of  Pinene  iso Xitrosocyanide.- — Five  grams  of  pinene  iso- 
nitrosocyanide,  2  grams  of  caustic  soda,  and  5  grams  of  methyl  iodide 
were  dissolved  in  100  ce.  of  methyl  alcohol  and  boiled  for  six  hours. 
After  evaporation  of  the  alcohol,  the  residue  was  washed  with  water  and 
erystallised  from  petroleum.  _Large,  colourless  prisms  were  obtained 
melting  at  67^. 

0-2611  gave  31-4  ce.  moist  nitrogen  at  19°  and  750  mm.  N^  1.3-64. 
C\2HjsON.,  requires  N=  1.3 '60  per  cent. 

Benzoyl  Ester. — Treated  with  benzoyl  chloride  and  caustic  soda,  the 
cyanide  yields  a  benzoyl  derivative  which,  after  crystallising  from 
alcohol,  melts  at  102°. 

Nitro-compoiind,  CjoH,5(NOo)o'CN. — ^\"hen  pinene  fçonitroso- 
cyanide  is  added  to  a  cooled  mixture  of  equal  volumes  of  nitric  acid 
(sp.  gr.  142)  and  acetic  anhydride,  it  dissolves  with  évolution  of 
red  fumes,  and  on  diluting  with  water  a  compound  is  precipitated 
which  may  be  erystallised  from  a  mixture  of  ether  and  light  petroleum. 
It  melts  at  105°  with  évolution  of  red  fumes.  This  compound  responds 
to  Liebermann's  test,  but  is  insoluble  in  aqueous  alkalis.  The  same 
compound  is  prodiiced  when  gaseous  nitrogen  peroxide  is  passed  into  a 
cooled  solution  of  the  cyanide  in  chloroform. 

01187  gave  0-2258  COg  and  0-0676  H^O.     0  =  5187;  H  =  6-35. 
0-1241    „     18-4  ce.  moist  nitrogen  at  17°  and  757  mm.  N  =  17-07. 
CjiHjjO^Ng  requires  C  =  52-17  ;  H  =  5-92  ;  N=  16-60  per  cent. 

Dissolved  in  benzène,  it  gave,  by  the  crjoscopic  metlied,  the  molecular 
weight  248  :  the  above  formula  requires  254. 

When  the  nitro-compound  is  reduced  by  zinc  and  acetic  acid  or  by 
hydrogen  sulphide,  the  original  isonitrosocyanide  is  reproduced.  Réduc- 
tion by  sodium  and  alcohol  leads  to  the  évolution  of  much  ammonia 
and  formation  of  pinylamine.  Thèse  reactions  appear  to  indicate  that 
in  the  formation  of  this  compound  the  oxime  group  is  oxidised,  and 
that  the  second  nitro-group  is  attached  to  the  same  carbon  atom  as  the 

tirst,  IC'.N'OH  becoming  't^^C-vrrv^- 
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Pinene  \&oNitrosocarho;njlamide,  C,qH^j,(INOH)*CO'NHo.— A  solution 
of  the  cyanide  in  three  to  four  times  its  weight  of  concentrated  sul- 
phuric  acid,  kept  at  a  température  about  80°  for  two  hours,  yields  this 
compound,  with  little  loss,  on  diluting  tlie  acid  with  water.  The 
mother  liquor  gives  a  small  additional  quantity  of  the  amide,  and 
a  small  purple  precipitate  which  is  soluble  in  alcohol,  forming  a  bright 
red  solution.  The  amide  crystallised  from  alcohol  yields  colourless 
prisms  which  melt  at  220°  with  décomposition.  The  amide  is  slightly 
soluble  in  dilute  alkali,  but  is  unaltered  by  strong  boiling  caustic 
soda.  It  is  soluble  in  concentrated  hydrochloric  acid,  and  is  partly 
precipitated  unchanged  on  dilution  with  water.  It  is  unaffected  by 
bromine  or  alkaline  hypobromite. 

I.  0-1132  gave  0-2602  CO.,  and  00857  H.,0.    C  =  62-67;  H  =  8-41. 

ir.  0-1712     „     0-3943  COg    „    0-1318  ïïp.    C=  62  80  ;  H  =  8-55. 

Iir.  0-2629     ,,     32-6  ce  moist   nitrogen  at    24-5°  and   767  mm. 

N=  13-78. 
IV.  0-1901    gave   22-7    ce.    moist    nitrogen  at   24°  and  762  mm. 
N"=  13-43. 
C'uHisO.^Ng  requires  C  =  62-85  ;  H  =  8-57  ;  N  =  13-3. 

Methyl  FAher,  CioHj^(:NO-CH:.^)-CO'NH2.— Prepared  in  the  same 
manner  as  the  ether  of  the  cyanide,  it  crystallises  from  methyl  alcohol 
in  large,  colourless  prisms  melting  at  145°.  The  same  compoimd  is 
obtained  when  the  caustic  soda  in  the  process  is  replaced  by  silver 
oxide. 

0-1230  gave  14-4  ce.  moist  nitrogen  at  25°  and  764  mm.     N  =  12-6. 
CjjHgoOgNo  requires  N  =  12-5  per  cent. 

Benzoyl  Ester,  CioHi^(:NO-C-H50)-CO-NHo.— This  compound  was 
prepared  by  the  aid  of  benzoyl  chloride  and  caustic  soda  in  the  usual 
manner.  It  forms  colourless  crystals  which  melt  at  197°,  and  on 
saponification  by  means  of  alcoholic  soda  yield  the  unaltered  amide. 
The  benzoyl  compound  is  incapable  of  interacting  with  methyl  iodide 
and  silver  oxide. 

0-1260  gave  10-6  ce  moist  nitrogen  at  25°  and  764  mm.     N  =  9-05. 
CjgFg.^OglSrg  requires  N  =  8-91  per  cent. 

Pinene  î'sonitrosocarboxylic  acid  corresponding  with  the  amide  has 
not  been  obtained.  When  the  amide  is  heated  to  100°  with  about  four 
times  its  weight  of  20  per  cent,  hydrochloric  acid,  it  dissolves,  and 
af ter  a  time  a  viscid  oil  séparâtes  in  considérable  quantity.  The  acid 
solution  evaporated  to  dryness  leaves  abundance  of  ammonium 
chloride  mixed  with  unchanged  amide.  On  distillation  in  steam,  part  of 
the  oil  pas.ses  over  and  forms  a  nearly  colourless  liquid  which  floats  on 
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water  and  is  very  soluble  in  alkalis,  Tt  contains  no  nitrogen  and 
appears  to  consist  of  the  ketonic  acid  OiC^QH^j'COgH,  whicli  would 
residt  from  the  liydrolysis  of  both  the  amide  and  oxime  groups.  No 
erystalline  compounds  could  be  obtained  from  it,  nor  would  it  react 
with  hydroxylamine  in  alkaline  sohition.  It  gives  no  colonr  with 
ferrie  chloride. 

Pinene  Carhoxylic  Amide  Pseudoxime or  Lactani. — When  a  sohition  of 
the  amide  in  concentrated  sulphuric  acid  is  heated  to  100°  for  about 
six  hours,  a  further  change  occurs,  and  the  colour  of  the  solution 
darkens  considerably.  Care  is  necessary  to  avoid  any  rise  of  tempéra- 
ture above  100°,  otherwise  the  product  is  destroyed  with  évolution  of 
sulphur  dioxide.  On  diluting  the  liquid  with  water  and  neutralising  with 
ammonia,  crystals  are  deposited  which,  after  recrystallisation  from 
alcohol,  melt  at  209°.  This  compound  has  the  same  composition  as 
the  amide,  together  with  a  molécule  of  water  of  crystallisation.  It  is 
insoluble  in  cold  alkali,  but  on  boiling  with  concentrated  solution  of 
caustic  soda  it  gradually  dissolves,  while  ammonia  is  evolved.  It  gives 
no  methyl  derivative. 

I.  0-1274  gave  0-2672  CO2  and  0-1014  Hf).     C  =  57-3;    H  =  8-86. 
IL  0-1670     „     0-3564CO2    .,    0-1304  HgO.     C  =  58-2;   H  =  8-67. 

III.  0-1572     „     1 7  ce.  moist  nitrogen  at  16° and 769  mm.  N  =  12-75. 

IV.  0-1736  at  110°  lost  0-0142,  and  0-2294  at  110°  lost  00186. 

H20  =  8-l  and  8-1. 
C„H,,0.2N„H20  requiresC  =  57-9;  H  =  8-7;  N"  =  12-28;  H30  =  7-9 
per  cent. 

Pinene  Carhoxylic  Acid  Pseudoxime  or  Lactam. — This  compound  is 
obtained  by  boiling  the  amide  just  described  with  concentrated  aqueous 
solution  of  caustic  soda  till  évolution  of  ammonia  ceases,  then  neutral- 
ising with  hydrochloric  acid.  The  acid  recrystallised  from  alcohol 
forms  small,  colourless  prisms  which  contain  water  of  crystallisation 
and  melt  at  220°.     Its  alkali  salts  are  very  soluble  in  water. 

The  acid  does  not  react  with  hydroxylamine  in  alkaline  solution. 

I.  0-2012  heated  at  110°  lost  00156.'    H,0  =  7-75. 
II.  0-1850  gave  0-3870  CO,,  and  0-1373  YLp.     0  =  5705  ;  11  =  8-25. 

III.  0-1059     „     0-2210  COj    „    0-0796  HgO.     C  =  5692  ;  H  =  8-35. 

IV.  0-1678  ,,  9-0  ce.  moist  nitrogen  at  18°  and  765  mm.  N  =  6-24. 
C„H,-03N,H20    requires    ^^  =  7-86;    C  =  57-6;  H  =  8-29;  N  =  6-ll 

per  cent. 
0-4829  titrated  with  X'ilO  caustic  soda  required  for  its  neutralisation 
20  ce,  corresponding  with  O'SOO  NaHO,  instead  of  0*843  as  required 
by  theory. 

S(dts.—T\\Q  acid  suspended  in  absolute  alcohol  and   saturated  with 
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ammonia  gas  dissolves,  and  the  solution  by  spoutaneous  evaporation 
leaves  liât  prisms  of  the  ammonium  sait.  The  ammonium  sait,  dis- 
solved  in  water  and  mixed  with  the  calculated  amount  of  silver 
nitrate,  gives  the  silver  sait  as  a  white,  crystalline  precipitate  which  is 
somewhat  sensitive  to  light. 

0-3214  gave  on  heating  0-1088  of  silver  corresponding  with  33-85 
par  cent.  :  C^^HjgOgNAg  requires  Ag  =  33-96. 

The  methyl  ester  was  prepared  from  the  silver  sait  by  action  of 
methyl  iodide  diluied  with  ether.     It  melts  at  132°. 

0-1 190  gave  68  ce.  moist  nitrogen  at  23°  and  756  mm.     N  =  6-37. 
CjoH^gO^N  requires  N  =  6-22  per  cent. 

When  the  acid  is  heated  to  about  120°  with  20  per  cent,  hydro- 
chloric  acid,  a  colourless  solution  is  formed,  which,  on  evaporation  to 
dryness,  gives  a  white,  crystalline  residue  soluble  in  water.  No  gas  is 
evolved  on  opening  the  tube.  The  compound  crystallises  from  water 
in  long  prisms,  and  was  found  to  consist  of  the  hydrochloride  of  an 
amino-acid. 

After  drying  at  100°,  the  crystals,  by  direct  titration  with  silver 
nitrate,  were  found  to  contain  13-64  per  cent,  of  chlorine.  The 
formula  Cj^Hjf,O^N,HCl  requires  Cl=  13-37  per  cent. 

An  attempt  to  obtain  this  compound  by  heating  the  amide,  instead 
of  the  acid,  with  hydrochloric  acid  failed,  as  only  uncrystallisable 
products  were  formed.  This  amino-acid  is  now  undergoing  inves- 
tigation, 

Theoretical. 

Pinene  being  represented  by  the  following  expression, 

ÇÏÏ3 

(C,-H,o)"<^jjJjj' 

the  nitrosochloride  and  compounds  derived  from  it  may  be  represented 
by  the  following  formulée  : 

Çïïg 

Nitrosochloride  (bimolecular),    CCI 

-CHo-CH-NO 

ÇH3 
î'soNitrosocyanide  (m.  p.  171",  unimolecular),    C'CN     . 

-ch,-c:noh 

Amide  (m.  p.  220"),    C'CO-NHg  . 
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ÇH, 

Ketonicacid  (oil),    Ç-COoH  . 

-CK/CO 

Amide  psendoxime  (m.  p.  209'^), 

C-CO-NH,  C-CO-NH. 

I                 -                  or  I                 ^ 

NH  CO 

-CHo-CO  -CH^-NH 

Acid  psetidoxiiue  (m.  p.  220^), 

ÇH3  ÇH3 
C-COoH                                    C-COoH 


NH  CO 

-CH,-CO  -CH^-NH 

The  amino-acid  is  derived  therefrom  by  opening  the  ring,  thus 

CH3  CH3 

c-œ,n  ç-co^H 

a.H,/NH.,  ""''        aa/cOoH    • 


CH,-CO,H 


It  is  lioped  that  the  further  study  of  the  products  of  this  change 
may  throw  light  on  the  constitution  of  pinene. 
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XLII. — Gyyiocardin,  a  New  Cyanogimctic  Glucoside. 

By  Frederick  Belding  Power  and  Frédéric  Herbert  Lees. 

In  a  pi'eliminary  note  it  was  recorded  by  one  of  us  and  F.  H.  Gornall 
(Proc,  1904,  20,  137)  that  when  the  seeds  of  Gynocardia  odorat  a 
(R.  Br.)  were  crushed  and  brought  into  contact  with  water,  a  strong 
odeur  of  hydrogen  cyanide  was  developed,  and  this  behaviour  was 
shown  to  be  due  to  the  présence  of  a  cyanogenetic  glucoside,  which 
was  isolated  and  designated  gynocm-din.  Since  then  we  hâve  been 
able  to  procure  a  large  quantity  of  gynocardia  seeds,  which  were 
specially  collected  for  us  in  India,  and  hâve  succeeded  in  isolating 
gynocardin  in  a  pure  state  and  in  an  amount  sufficient  to  admit  of  its 
further  study.  The  yield  of  this  substance  was  equal  to  5  per  cent,  of 
the  weight  of  the  seeds. 
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Gynocardin  crystallises  fi'om  water  in  colourless,  glistening,  pi-ism- 
atic  needles  containing  1^  raolecules  of  water  of  crystallisation, 
with  which  it  readily  parts  at  a  température  of  115°,  The  anhydrons 
substance  melts  at  162 — 163°  with  only  slight  décomposition,  and  has 
the  formula  Cj^gH^gOgN.  It  is  dextrorotatory,  the  anhydrous  substance 
having  in  aqueous  solution  the  spécifie  rotatory  power  [ajo-t- 7'2-5°. 
Definite  proof  of  the  cyanogenetic  nature  of  gynocardin  is  afforded  by 
the  fact  that  when  the  enzyme  of  the  seeds,  gynocardase,  is  brought 
into  its  aqueous  solution,  hydrogen  cyanide  is  quickly  evolved. 

ITntil  recently,  the  only  definite  cyanogenetic  glucoside  known  was 
amygdalin,  CgoHg^Oj^N,  which  has  the  constitution 

Ca2H2iOio-0-CH(CeH,)-CN, 

and  is  the  maltose  ether  of  benzaldehydecyanohydrin,  but,  in  a  séries 
of  researches  entitled  "  Cyanogenesis  in  Plants,"  Dunstan  and  Henry 
hâve  isolated  and  studied  three  other  definite  members  of  this  class. 

,  the  lotoflavin  ether  of    maltosecyano- 

O         OH 


hydrin,  Ci.Ho^Oio-ÇH-O-/    Y    >— ^      ^OH    {Phil.    Trans.,     1901, 

OH  CO 
194,  515)  ;  dhurrin,  Cj^Hj^O-N,  the  dextrose  ether  of  p-hydroxy- 
benzaldehydecyanohydrin,  C6Hn05-0'CH(CN)-CeH^-OH  {Phil.  Trans., 
1902,  199,  399);  and  phageolunatin,  C,oHi^O,.N,  the  dextrose  ether 
of  acetonecyanohydrin,  C^Hi^O,,-0-C(CH3)2-c'n  {Proc.  Roy.  Soc,  1903, 
72,  285).  It  is  seen  that  whereas,  on  the  one  hand,  amygdalin, 
dhurrin,  and  phaseolunatin  are  sugar  ethers  of  the  cyanohydrins  of 
substances  other  than  sugars,  lotusin,  on  the  other  hand,  is  an 
aromatic  ether  of  a  sugar  cyanohydrin. 

The  constitution  of  gynocardin,  the  fifth  member  of  the  class  of 
cyanogenetic  glucosides  which  has  been  isolated  in  a  pure  condition, 
being  thought  of  some  interest,  the  elucidation  of  the  question  has 
been  attempted. 

When  gynocardin  is  treated  with  acetic  anhydride  and  sodium 
acétate,  hepta-acetylgynocardin,  C]3Hj._,Og(CoH30)-N,  is  formed  ;  it 
crystallises  in  needles  melting  at  118 — 119°  and  has  [a][,  +40-4°  in 
chloroform, 

A  most  remarkable  property  of  gynocardin,  which  brings  it  into 
sharp  conti-ast  with  the  other  members  of  its  class,  is  its  great  stability 
towards  the  usual  acid  hydrolysing  agents.  Dhurrin,  for  example, 
after  heating  for  five  minutes  with  dilute  acid,  alïorded  p-hydroxy- 
benzaldehyde  on  extracting  with  ether,  whereas  with  gynocardin 
practically  no  hydrolysis  had^taken  place  on  heating  for  half  an  hour 
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with  5  per  cent,  hydrochloric  acid,  and  complète  hydrolysis  was  not 
effected  until  the  solution  had  been  heated  for  9  hour?;.  During  the 
hydrolysis,  hydrogen  cyanide  is  generated,  and  the  solution  continually 
becomes  darker  in  colour,  being  ultinaately  dark  brown.  Among  the 
products  of  the  l'eaction,  it  has  been  possible  to  identify  only  rf-glucose 
and  hydrogen  cyanide,  although,  excluding  the  contingency  of 
secondary  décomposition,  which  undoubtedly  occurs,  it  should  hâve 
been  possible  to  obtain,  in  addition  to  the  above  hydrolytic  products, 
a  substance  of  the  formula  CgHgO^,  in  accordance  with  the  équa- 
tion : 

C'igH^OgN  +  HgO  =  CgHj.Og  +  CgHsO^  +  HCK 

In  view  of  the  above-mentioned  secondary  décomposition,  which  was 
thought  to  be  due  solely  to  the  prolonged  heating  necessary  to  effect 
hydrolysis,  the  enzyme,  gynocardase,  appeared  to  be  better  adapted  for 
this  purpose.  Gynocardin  is  very  readily  hydrolysed  at  the  ordinary 
température  by  the  enzyme,  but,  as  in  the  case  of  the  hydrolysis  by 
acid,  the  reaction  is  attended  with  the  formation  of  dark-coloured 
resinous  matter,  and  only  glucose  and  hydrogen  cyanide  could  be 
identified  among  the  products, 

Gynocardin  readily  reacts  Avitli  hot  barium  hydroxide,  with  the 
libération  of  ammonia  and  the  formation  of  harium  gynocardinafe, 
(CjoH^çiOg'COojoBa,  according  to  the  équation  : 

CjgHjgOgN   +    2H2O  =    Cj  ^H  j,Og  '  CO.H  +  NH3. 

Gynocardinic  acid,  Ci,Hj,,0,/COoH,  prepared  from  its  barium  sait, 
is  extremely  soluble  in  water,  and  was  only  obtained  as  a  neariy 
colourless  syrup  ;  it  is  dextrorotatory,  and  does  not  reduce  Fehling's 
solution. 

When  gynocardinic  acid  is  heated  with  dilute  sulphuric  acid,  it  is 
hydrolysed  in  accordance  with  the  équation  : 

Ci.2H,„0,/C0.2H  +  H2O  =  C„Hi,0,.  +  C.H.O.-COoH. 

There  are  formed,  cZ- glucose  (phenylglucosazone,  m.  p.  205 — 206^) 
and  an  acid,  which  must  hâve  the  formula  C-Hj^Og.  This  acid  could 
not  be  separated  in  a  free  state  from  the  sugar  which  accompanied  it, 
but  by  conveiting  it  into  its  quinine  sait  a  small  amount  of  the  latter 
could  be  isolated  in  a  state  of  purit3\  This  sait  formed  needles. 
melting  at  224^  with  décomposition,  and  on  analysis  gave  numbers 
agreeing  fairly  well  with  the  formula  C.,oH.,^02No,C;Hj^O,.,. 

The  facts  from  which  we  draw  a  conclusion  respecting  the  structure 
of  gynocardin  are  as  follows  : 

(1)  It  has  the  formula  CigHj.A,^. 

(2)  It  gives  a  hepta-acetyl  derivative. 
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(3)  It  is  hydrolysed  by  dilute  acids  or  the  enzyme,  giving  rZ-glucose, 
hydrogen  cyanide,  and  a  third  substance. 

(4)  It  is  hydrolysed  by  baryta,  giving  gynocardinic  acid, 

and  ammonia. 

(5)  Gynocardinic  acid,  on  treatment  with  acid,  gives  rZ-ghicose  and 
an  acid. 

From  the  foregoing  facts,  it  follows  that  gynocavdin  is  the  rZ-ghicose 
ether  of  the  cyanohydrin  of  a  substance  which  may  be  either  a  tri- 
hydroxyaldehyde,  C5H^(OH)3*CHO,  or  a  trihydroxyketone, 
0-H,(OH),:CO. 

Since  it  has  been  impossible  to  isolate  this  substance,  and  as  the 
quinine  sait  of  its  corresponding  carboxylic  acid  was  not  obtained  in 
an  amount  sufficient  for  the  further  investigation  of  the  latter,  its 
actual  constitution  could  not  be  determined. 

In  accordance  with  the  above  view,  the  constitution  of  gynocardin 
can  be  represented  by  one  of  the  following  formulte  : 

CN  '  "    "  CN 


Gynocardinic  acid  may  then  be  expressed  as  follows  : 

•Çïï-0 
COoH 


C-H^(0H)3-Çïï-0-C,,Hi^0-  or  C-H-(OH)3:Ç-0-C,HiiO^ 


Expérimental. 

Estimation  of  the  Hydrogen  Cyanide  afforJed  by  the  Seeds  of  Gyvocardia 
Odorata  (R.  Br.). 

For  this  purpose,  25  grams  of  the  seeds  were  divested  of  the  shells, 
and  the  kernels,  weighing  17 "7  grams,  ground  to  a  powder,  which  was 
allowed  to  remain  in  contact  with  water  (100  ce.)  in  a  tightly-corked 
flask  for  3  days.  The  liberated  hydrogen  cyanide  was  then  driven  over 
by  steam,  collected  in  a  dilute  solution  of  potassium  hydroxide,  and 
estimated  by  titration  with  a  decinormal  solution  of  silver  nitrate,  of 
which  20-5  ce.  were  required,  whence  HCN  =  0-63  per  cent,  in  the 
kernel  and  0  44  per  cent,  in  the  entire  seed. 

Isolation  of  Gynocardin,  CjgHjjjOgNjl^HoO. 

Four  kilograms  of  the  powdered  seeds  were  first  extracted  with  cold 
petroleum  for  the  complète  removal  of  the  fatty  cil,  and  then  with 
95  per  cent,  alcohol.  On  the  removal  of  the  alcohol,  a  dark  syrupy 
residue  resulted,    which   soon   formed  a   paste,  consisting   chiefly   of 
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a  ci-ystalliue  substance,  which  was  .separatecl  from  tlie  mothei-liijuor 
at  tlie  pump.  In  order  to  remove  the  adhering  syiupy  mother-li(|uoi", 
the  ciystalline  cake  was  digested  for  several  minutes  with  waim  ethyl 
acétate,  and  again  collected  by  filtration,  when  it  was  obtained  in 
a  nearly  white  condition.  A  fuvther  amount  of  the  crude  glucoside 
can  readily  be  obtained  from  the  syrupy  alcoholic  mother-liquor  by 
tirst  mixing  it  with  prepared  sawdust,  drying  the  mass,  and  then 
extracting  it  with  ethyl  acétate,  which  slowly  removes  the  glucoside. 
The  whole  of  the  crude  glucoside  was  then  dissolved  in  water,  the 
solution  digested  with  animal  charcoal,  and  the  colourless  liquid  con- 
centrated  under  diminished  pressure  to  the  consistency  of  a  syrup, 
which,  after  a  short  time,  formed  a  hard  cake  of  colourless  crystals. 
This  was  drained  and  subsequently  dried  on  porous  eai-thenware. 
Two  hundred  grams  of  the  perfectly  white,  crystalline  glucoside  were 
thus  obtained.  For  analysis,  the  whole  was  again  crystallised  from 
water,  and  obtained  in  two  successive  crops  (a)  and  (b),  consisting  of 
glistening,  colourless,  prismatic  needles.  Thèse  were  dried  on  porous 
earthenware  in  the  air.  The  water  of  crystallisation  was  determined 
by  heating  the  substance  at  115°  until  the  weight  was  constant,  and 
this  is  not  attended  by  any  décomposition  of  the  glucoside.  The 
analyses  and  déterminations  of  the  spécifie  rotatory  power  were  ail 
conducted  with  the  anhydrous  substance. 

(rt)  0-7381  lost  00560  H2O.     H20  =  7-6. 

0-1465  gave  0-2500  CO^  and  00760  H..0.     C  =  46-5  ;  H  =  5-8. 
0-2071     „     0-3568  COo    „    0-1058  H^O.     C  =  46-9  ;  H-5-7. 

A  solution  of  05341  in  water,  made  up  to  25  ce,  gave,  in  a  1  dm. 
tube,  ai,  +  l°33',  whence  [a]ï}°-|  72-5°. 

(b)  0-6856  lost  0-0464  H.O.     H^O  -  6-8. 

0-1865  gave  0-3213  COa  and  0-0985  HgO.     C  =  47-0  ;  H  =  5-9. 

A  solution  of  0-4497  in  water,  made  up  to  25  ce,  gave,  in  a  1  dm. 
tube,  aD  +  l°18',  whence  [a]D  +  72-3°. 

The  portion  (è)  was  again  crystallised  from  water,  and  the  recrys- 
tallised  substance  dried  on  porous  earthenware  in  the  air,  and  analysed 
as  before. 

0-9568  lost  0-0764  ïïgO.     H2O  =  8-0. 

0-2279  gave  0-3934  CO.^  and  0-1166  U.fl.     C  =  47-l  ;  H  =  5-7. 

0-6900     „     24-2  ce  nitrogen  (over  KOH  sol.,  sp.  gr.   1-3)  at  16° 

and  775  mm.     N  =  4-2. 
CigïïigOgN,!^.^  rcquircs  H20  =  7-5. 

C13H19O9N  requires  C  =  46-8  ;  H  =  5-7  ;  N  =  4-2  per  cent. 

It  will  be  observed  that  the  amount  of  water  initially  contained  in 


354  POWER  AND   LEES:   GYNOCARDIN,   A   NEW 

(b)  was  less  than  in  (a),  but  that  af  ter  recrystallisation  tlie  percentage 
of  water  was  increased.  The  explanation  of  this  is,  that  when  the 
substance  is  allowed  to  separate  slowly  from  a  not  too  concentrated 
solution  it  always  contains  the  larger  amount  of  water,  but  when  the 
conditions  are  the  converse  of  thèse,  smaller  amounts  of  water  are 
always  found. 

The  molecular  weight  of  gynocardin  was  very  kindly  determined  for 
us  by  Dr.  Barger,  by  his  microscopical  method  (Trans.,  1904,  85, 
286). 

A  solution  containing  0"130  gram  of  anhydrous  gynocardin  in 
1"878  grams  of  water  was  found  to  be  isotonic  with  a  solution  of  cane 
sugar  of  the  mean  concentration  of  73-3  grams  of  the  latter  in  1000 
grams  of  water  : 

0-130x1000        342 
^^~        1-878         ""  73^  =  ^^^ 
CigH^gOgN  requires  M  =  333. 

It  was  thus  shown  that  gynocardin  crystallises  in  gênerai  with  Ih 
molécules  of  water,  and  that  the  anhydrous  substance  has  the  formula 

Anhydrous  gynocardin  melts  at  162 — 163°  with  slight  décomposition  ; 
it  is  very  sparingly  soluble  in  ail  the  usual  organic  solvents  except 
alcohol,  in  which  it  readily  dissolves  on  warming,  and  from  which  it 
slowly  séparâtes  in  small  needles. 

Gynocardin  is  best  ci-ystallised  from  water,  in  which  it  is  readily 
soluble,  even  in  the  cold,  and  from  a  concentrated  solution  it  séparâtes 
in  glistening,  colourless,  prismatic  needles.  It  reduces  Fehling's 
solution.  No  precipitate  is  formed  when  either  lead  acétate  or 
subacetate  is  added  to  its  aqueous  solution.  It  gives  no  coloration  with 
ferrie  chloride  or  with  concentrated  sulphuric  or  nitric  acid. 

Gynocardin  is  only  slowly  hydrolysed  by  boiling  5  per  cent,  hydro- 
chloric  or  sulphuric  acid  ;  it  is  readily  attacked  by  gynocardase,  the 
enzyme  contained  in  the  seeds  (p.  357),  and  by  emulsin,  with  généra- 
tion of  hydrogen  cyanide,  but  is  not  hydrolysed  either  by  diastase 
or  by  the  animal  ferments,  ptyalin,  pepsin,  and  pancreatin.  In  this 
connection,  it  may  also  be  stated  that  gynocardin  has  been  ascertained 
to  be  devoid  of  any  appréciable  physiological  action. 

Hepta-acetylgynocardin,  Qy^-^^O^iG.^^^fi)-^ . 

Gynocardin  was  dissolved  in  an  excess  of  hot  acetic  anhydride,  a 
small  amount  of  anhydrous  sodium  acétate  introduced,  and  the  mixture 
boiled  on  a  sand-bath  during  40  minutes.  On  shaking  with  water,  the 
acetyl  derivative  separated  as  a  white,  flocculent  precipitate;  this  was 
washed,  dried  on  porous  earthenvvare,  and  recrystallised,  first  from  a 
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mixture  oî  ethyl  acétate  aiid  light  petroleum,  tlien  from  a  mixture  of 
chloroform  and  petroleum,  and  finally  from  the  former  mixture  of 
solvents,  without  any  appréciable  change  in  the  melting  point. 

Hepta-acetylgynocardin  forms  aggregates  of  fine,  white  needles  melt- 
ing at  118—119°. 

01532  gave  02907  CO.,  and  0-0736  H,0.     C  =  51-8;  H  =  5-3. 
0-1672     „      0-3180  CO!,    „    0-0808  H."o.     C  =  51-8  ;  H  =  5-4. 
Cj3Hj209(CoH30)-]Sr  reqiiires  C  =  51-7  ;  H  =  5-3  per  cent. 

A  solution  of  0-4740  in  chloroform,  made  up   to   25  ce,  gave,  in  a 
1  dm.  tube,  au  +  0°46',  whence  [a]u  +  40-4°. 


Hydrolijsi'i  of  Gjrtocardiio  hy  Dilute  Aclds.     The  Furniatio)L  of 
à.-Glucose. 

Gynocaidin  is  only  very  slowly  hydrolysed  by  lieating  with  5  per 
cent,  hydrochloric  or  sulphuric  acid,  and  the  reaction  is  alvvays 
attended  with  the  formation  of  a  dark  secondary  product,  even  when 
the  opération  is  conducted  in  an  atmosphère  of  carbon  dioxide.  In 
experiuieuts  in  which  two  portions  of  gyuocardin  of  10  grams  each 
were  heated,  in  the  one  case  for  2  hours  on  a  water-bath  with  100  ce. 
of  5  per  cent,  hydrochloric  acid,  and  in  the  other  by  boiling  for  4  hours 
with  5  per  cent,  sulphuric  acid,  it  was  possible  to  recover  some 
unchanged  gynocardin,  hydrolysis  having  been  far  from  complète,  even 
with  thèse  prolongea  periods  of  heating.  The  following  experiment 
represents  the  resuit  of  the  complète  hydrolysis  of  gynocardin  with 
hydrochloric  acid. 

Twenty  grams  of  gynocardin  were  dissolved  in  200  ce.  of  5  per 
cent,  hydrochloric  acid  and  the  solution  heated  on  a  water-bath. 
Hydrogen  cyanide  was  not  présent  in  the  liquid  until  the  heating  had 
been  in  progress  for  half  an  Iiour.  After  7  hours'  heating,  when  the 
solution  smelt  strongly  of  hydrogen  cyanide  and  had  become  brown 
in  colour,  steam  was  passed  through  it.  It  then  became  aj^parent  that 
hydrolysis  had  not  been  complète,  for  it  was  necessary  to  continue  the 
distillation  until  2-^-  litres  of  liquid  had  collected  before  ail  the  hydrogen 
cyanide  was  removed.  The  residual  liquid,  which  contained  the  non- 
volatile  products  of  the  completely  hydrolysed  glucoside,  was  vei'y  dark 
brown,  considérable  secondary  décomposition  appearing  to  hâve  taken 
place.  This  solution  was  ueutralised  with  sodium  hydroxide,  concen- 
trated  considerably  under  diminished  pressure,  and  extracted  with  ether, 
but  nothing  was  removed  by  the  latter.  It  was  therefore  mixed  with 
previously  extracted  sawdust,  the  mass  dried,  and  extracted  with  ether, 
ethyl  acétate,  and  ethyl  alcohol  respectively.  The  ether  and  ethyl 
acétate   extracted    nothing,    but    from    the   alcoholic    extract    there 
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separated  a  quant.ity  of  well-foiuied  crystals  ;  thèse  were  collected  and 
recrystallised  from  water,  when  they  were  found  to  coosist  of  a  double 
compound  of  (Z-glucose  and  sodium  cbloi-ide.  By  recrystallisation  from 
methyl  alcohol,  it  was  possible  ta  remove  some  of  the  sait  and  obtain 
crystals  containing  85  per  cent,  of  tbe  sugar.  That  tbis  crystalline 
substance  consisted  cbiefly  of  fZ-glucose  was  definitely  proved  by  tbe 
formation  from  it  of  a  pbenylglucosazone  melting  at  206°,  and  by  tbe 
détermination  of  its  spécifie  rotatory  power,  wben  tbe  pbenomenon  of 
mutarotation  was  observed,  tbe  value  falling  to  one-balf  of  tbat  tirst 
recorded, 

A  solution  of  0"672  in  water,  made  up  to  10  ce,  gave,  in  a  1  dm. 
tube,  ai,  +  5°52',  and,  after  tbe  addition  of  a  trace  of  alkali,  ai,  +  2°57', 
wbence  [a]o  + 87-3°  and  +  43-9°  respectively. 


Action  of  Barium  Hydroxide  on  Gynocardin.     Fonnaiion  of  Gynocar- 
dinic  Acid,  Q^^^,f),fGO.^. 

Ten  grams  of  gynocardin  were  dissolved  in  a  bot  solution  of 
20  grams  of  barium  bydroxide  in  100  ce.  of  water.  Ammonia  was 
immediately  evolved,  and  tbe  solution  was  therefore  boiled  until 
tbe  latter  was  entirely  expelled.  Tbe  excess  of  barium  was  tben  com- 
pletely  removed  as  carbonate,  and  tbe  clear,  faintly-coloured  solution 
of  tbe  barium  sait  concentrated  to  a  syrupy  consistency.  By  adding 
alcobol,  again  evaporating,  and  repeating  tbis  opération  several  times, 
tbe  barium  gynocardinate  formed  a  bard,  wbite,  crystalline  cake.  For 
analysis,  it  was  beated  at  115 — 120°. 

0-5845  gave  0-1605  BaSO^.     Ba-=  16-2. 

CoeïïgyOggBa  requires  Ba  =  16"4  per  cent. 

Gynocardinic  acid  was  prepared  from  tbe  barium  sait  by  exact 
removal  of  tbe  barium  by  sulphuric  acid.  A  strongly  acid  liquid  was 
tbus  obtained.  Tbis,  on  concentration  under  diminisbed  pressure, 
afforded  a  nearly  colourless  syrup,  wbicb,  even  on  standing  for  several 
days,  sbowed  no  tendency  to  crystallise.  Gynocardinic  acid  does  not 
reduce  Febling's  solution  ;  its  aqueous  solution  is  dextrorotatory. 


Action  of  Dilute  i^ulplturic  Acid  on  Gynocardinic  Acid.     Fonnaiion  of 
à-Glucose  and  an  Acid. 

A  quantity  of  gynocardinic  acid  was  beated  for  several  bours  on  a 
water-batb  witb  dilute  sulpburic  acid.  Tbe  latter  was  tben  exactly 
removed  as  barium  sulpbate  and  tbe  faintly-coloured  acid  liquid  con- 
centrated under  diminisbed  pressure.     A  syrup  was   tbus   obtained 
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wliich  would  not  crystallise.      lu  addition  to  the  acid^  it  also  contained 
(Z-glucose,  for  it  veadily  afforded  a  phenylglucosazone  melting  at  205^. 

In  an  attempt  to  separate  the  acid,  the  warm.  aqueous  solution  of 
the  above  syinip  was  neutralised  by  the  addition  of  freshly  precipitated 
quinine.  The  aqueous  solution  of  the  quinine  sait  and  glucose,  after 
digesting  with  animal  charcoal,  was  concentrated  considerably  under 
diminished  pressure.  From  the  viscous  liquid,  a  small  amount  of 
a  crystalline  sait  slowly  séparât  éd.  ïhis  was  first  recrystallised  from 
water,  in  which  it  was  extremely  easily  soluble,  and  then  from  methyl 
alcohol,  from  which  it  separated  in  glistening  needles,  melting  at  224° 
with  décomposition.     It  was  dried  at  115°  and  then  analysed  : 

0-1659  gave  0-3884  COg  and  0-0988  HgO.     C  =  63-8;  H  =  6-6. 
C^oH.^O^N.^C^HioO^  requires  C  =  63-0  ;  H  =  6-6  per  cent. 

Although  the  amount  of  quinine  sait  thus  obtained  was  too  small  for 
further  investigation,  its  isolation  is  of  value,  since  it  affords  direct 
proof  that  by  the  hydrolysis  of  gynocardinic  acid  a  carboxylic  acid  is 
formed  in  addition  to  cZ-glucose. 

Isolation  of  the  Hydrolytic  Enzyme,  Gynocardase. 

One  kilogram  of  the  finely-ground  seeds  was  first  extracted  with 
cold  light  petroleum  for  the  removal  of  the  fatty  oil,  and  su.bsequently 
digested  with  water  at  the  ordinary  température  for  about  24  hours. 
To  the  filtered  liquid,  about  twice  its  volume  of  alcohol  was  added,  and, 
after  standing  for  some  hours,  the  precipitate  was  collected  on  a  filter, 
washed  with  alcohol,  and  dried  in  a  vacuum  over  sulphuric  acid. 
When  di-y,  it  could  be  reduced  to  a  light  brown  powder.  The  yield 
corresponded  to  2  per  cent,  of  the  weight  of  the  seeds. 

Gynocardase  responds  to  most  of  the  usual  tests  for  proteid  sub- 
stances. As  already  stated,  it  readily  hydrolyses  gynocardin,  and  it 
also  hydrolyses  amygdalin.  It  appears,  however,  to  hâve  no  action  on 
potassium  myronate,  in  this  respect  differing  from  the  enzyme  con- 
tained in  Taraktogenos  seeds  (Trans.,  1904,  85,  841). 

The  Wellcome  Chemical  Eesearch  Labokatoeies, 
london,  e.c. 
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XLIII. — The  Action  of  Ethyl  Dihromopropanetetra- 
carhoxylate  on  the  Disodiwn  Derivative  of  Ethyl 
Propanetetracarhoxylate.     A  Correction. 

By  William  Heniiy  Perkin,  jun. 

A  SHORT  time  ago  (Trans.,  1903,  83,  780),  T.  W.  D.  Gregory  and  the 
author  published  the  results  of  a  research  on  the  action  which  takes 
place  when  the  disodium  derivative  of  ethyl  propanetetracarboxylate  is 
digested  with  ethyl  dibromopropanetetracarboxylate.  It  was  shown 
that  the  décomposition  proceeds  almost  quantitatively  with  élimination 
of  sodium  bromide  and  formation  of  a  beautifully  crystalline  ester 
which  melts  at  46°. 

Some  years  previously,  Perkin  and  Prentice  (Trans.,  1891,  59, 
990)  had  investigated  a  very  similar  décomposition,  namely,  the 
action  which  takes  place  when  the  disodium  derivative  of  ethyl 
propanetetracarboxylate  is  digested  with  trimethylene  bromide. 
Since  the  product  obtained  in  this  latter  case  yielded,  on  hydrolysis 
and  subséquent  élimination  of  carbon  dioxide,  the  cis-  and  irans- 
modifications  of  hexahydrozsophthalic  acid,  there  can  be  no  doubt  that 
it  was  ethyl  hexamethylenetetracarboxylate,  the  formation  of  which 
is  readily  understood  from  the  équation 

(C02Et)2CNa-CH./C]S'a(C02Et)2  ^ 

Arguing  from  this  expérience,  as  well  as  from  the  results  which  had 
been  obtained  in  the  investigation  of  many  other  analogous  ring 
synthèses,  Gregory  and  the  author  concluded  that  the  décomposition 
which  had  taken  place  when  the  disodium  derivative  of  ethyl  propane- 
tetracarboxylate was  digested  with  ethyl  dibromopropanetetracarb- 
oxylate was  to  be  represented  as  follows  : 

(CO2Et)2CNa-CH2-CNa(C02Et)2  _ 

(C02Eb)^CBr'CH2-CBr(C02Et)2 

(C02Et)2Ç-CH2-Ç(C02Et)2 
(C02Et)2C-CH2-C(C02Et)2  ' 

that  is  to  say,  the  ester  melting  at  46^  was  ethyl  hexamethylene- 
octocarboxylate.  On  hydrolysis,  this  ester  yielded  the  corresponding 
acid  (m.  p.  220°),  which,  when  heated  above  its  melting  point,  was 
decomposed   into   carbon  dioxide   and  an  acid  melting  at  175°.     This 
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acid   was   described  as   iraHS-hexamethylenetetracarboxylic   acid,   the 
change  just  mentioned  being  repvesented  in  the  followiug  way  : 

(C0,H),Ç-CH,,-Ç(C0,H)2  CO,H-ÇH-CH,-ÇH-CO,H         ^^^ 

(COJÏ)Jc-CH2-C(C02H),    ~    CO.^H-CH-CHg-CH-COoH   +  '' 

Lasbly,  on  treatment  with  acetic  anhydride,  the  trans-Sicid  yielded  the 
anhydride  of  the  corresponding  cts-acid,  which  melted  at  60°,  and  was, 
on  hydrolysis,  readily  converted  into  the  cis-acid  (m.  p.  139 — 140°). 

During  the  course  of  a  séries  of  expérimenta  similar  to  those  just 
described,  Dr.  Max  Guthzeit  requested  Mr.  Martin  Lobeck  *  to  repeat 
the  above  research,  with  the  resuit  that,  while  able  to  contirm  our 
expérimental  work  in  every  détail,  he  came  to  the  conclusion  that  the 
interprétation  of  the  results  given  by  Gregory  and  the  author  is 
certainly  incorrect.  After  carrying  out  a  séries  of  molecular  weight 
déterminations,  he  arrived  at  the  remarkable  conclusion  that  the  com- 
pounds  just  mentioned  are,  without  exception,  trimethylene  deriva- 
tives,  that  is  to  say,  the  molecular  weights  are  exactly  half  those 
of  the  hexamethylene  derivatives  which  Gregory  and  the  author 
assumed  had  been  produced.  There  is  no  doubt  that  Dr.  Guthzeit's 
view  is  correct,  since  most  of  the  trimethylene  derivatives  in  question 
hâve  been  obtained  by  other  means,  and  a  careful  comparison  shows 
that  their  properties  agrée  alniost  exactly  with  those  of  the  substances 
obtained  by  Gregory  and  the  author.  The  folio wing  corrections  are 
therefore  necessary  in  the  original  paper  (Trans. ,  1903,  83,  780). 

For  "  ethyl  hexamethyleneoctocarboxylate  "  read  "  ethyl  trimethyl- 
enetetracarboxylate." 

For  "  hexamethyleneoctocarboxylic  acid  "  read  "  trimethylenetetra- 
carboxylic  acid." 

For  "  cis-  and  ^rans-hexamethylenetetracarboxylic  acids  "  read  "  cis- 
and  ^rans-trimethylenedicarboxylic  acids." 

The  quantitative  formation  of  a  trimethylene  derivative  by  the  action 
of  ethyl  dibromopro})anetetracarboxylate  on  the  disodium  derivative  of 
ethyl  propanetetracarl)oxylate  is  most  extraordinary,  and,  as  far  as  the 
author  knows,  entirely  without  analogy. 

When  a  bronioethereal  sait  acts  on  a  sodium  derivative,  the  reaction 
proceeds  in  such  a  way  that  sodium  bromide  is  eliminated  and  the  two 
residues  join  together.  Thus,  for  example,  when  ethyl  bromoacetate 
reacts  with  the  sodium  derivative  of  ethyl  malonate,  ethyl  ethanetri- 
carboxylate  is  formed  : 

CHNa(CO,Et),  _  ÇH(CO,Et), 
CH.Br-CO.Et     ~  CH,-CO,Et     ^ 

But  the  action  which  takes  place  between  ethyl  dibromopropanetetra- 

*  ïhe  accoLiut  of  thèse  experiiueuts  will  shortly  a]ipear. 

c  c  2 
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carboxylate  and  the  tlisodium  derivative  of  ethyl  propanetetracarb- 
oxylate  is  very  différent  fvom  this.  The  élimination  of  sodium  bromide 
leads,  appaiently,  to  the  formation  of  two  unsaturated  molécules  which, 
instead  of  combining  in  the  usual  way  to  form  ethyl  hexamethylene- 
octocaiboxylate  (p.  358),  are  each  converted  into  ethyl  trimethylene- 
tetracarboxylate  by  internai  saturation  : 

(CO,Et)2CNa-CH2-CNa(CO,Et),  _      (C0.,Et).,C-CH./C(C0oEt)2 
(CO.^Et),CBr-CH,-CBr(CO,Ët)/  (CO',Et)",C-CH2-C(C02Et), 

CH2 

(C0oEt)2C^y  C(CO,^Et)o  ' 
CH2 

This  réaction  is  another  instance  of  the  remarkable  ease  with  which 
trimethyleue  derivatives  are  formed  during  the  course  of  reactions 
which  might  be  expected  to  yield  either  unsaturated  compounds  or 
hexamethylene  dei'ivatives. 

Many  such  cases  are  now  known,  and  the  ollowing  may  be 
instanced  in  illustration  of  this  point. 

(1)  Trimethylene  bromide  reacts  with  zinc  to  form  trimethylene, 

Br-CH2-CH,-CH,Br-^CH2<V^'. 

anl  apparently  no  traces  either  of  propylene  (Gustavson,  J.  pr.  Cheni., 
1899,  [ii],  59,  302)  or  of  hexamethylene  are  formed  during  the 
reaction. 

(2)  Acetyltiimethylene  is  produced  quantitatively  when  acetyl- 
propyl  bromide  is  digested  with  caustic  potash  (Lipp,  Ber.,  1889,22, 
1207  ;  Idzowska  and  E.  Wagner,  J.  Jiuss.  Phjs.  Chem.  Soc,  1898,  30, 
259,  269;  Chem.  Centr.,  1898,  ii,  474)  : 

CHg-CO-CR/CH./CHgBr  ->  CH3-C0-CH<  1  ^^^ 

(3)  Ebhyl  a-bromoglubai'ate  is  converted  by  treatment  with 
alcoholic  potash  or  quinoline  into  trimethylenedicarboxylic  acid  or  its 
ethyl  sait  : 

CH2 
CJ2Et-CH2-CH.-CHBr-C02Et  -^  CO^H-CH^^CH-COgH 

(Bowtelland  Perkin,  Proc,  1899,  15,  241  ;  see  also  the  following  paper 
by  Perkin  and  TattersalL  p.  362). 

Caronic  acid  is  formed  in  an  exactly  similar  way  when  ethyl  bromo- 
dimethylglutarate  is  digested  with  alcoholic  potash: 
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CMeg 
C0,Et-CÏÏ2-CMe^-CHBi-C0^Et   ->  C02H•CH^^-CH•C0,H 

(Perkin  and  Thorpe,  Trans.,  1899,  75,  50). 

Preliminary  experiments,  which  hâve  already  been  made,  seem  to 
show  that  tetra-,  penta-,  and  hexa-methylene  rings  are  not  readily 
formed,  if  at  ail,  when  bromo-compounds  similar  to  those  mentioned 
above  are  treated  with  alcoholic  potash. 

Observations  such  as  thèse  tend  to  throw  doubt  on  the  gênerai 
applicability  of  the  "  Spannungs  Théorie"  because,  according  to  that 
theory,  four,  five,  and  six  membered  saturated  carbon  rings  ought  to  be 
produced  with  much  greater  ease  and  be  much  more  stable  than  the 
three  membered  carbon  ring. 

In  conclusion,  I  hâve  to  thank  Dr.  Guthzeit  for  his  kindness  in 
communicating  with  me  privately  in  regard  to  this  matter  and  for 
allowing  me  to  make  this  correction. 

TiiE  Victoria  University, 
Manchester. 


XLIA^. — Glutaconic  Acid  and  the  Conversion  oj  Glutciric 

Acid  into  Trimethylenedicarhoxylic  Acid. 

By  William  Henry  Perkin,  jun.,  and  George  Tattersall,  B.Sc. 

Glutaconic  acid  has,  so  far,  only  been  obtained  in  one  modification, 
although  stereochemical  theory  indicates  that  the  two  modifications 

H-C-CHo-COoH  ^  H-C-CH,-COoH 

Il  mid  II  -         '^ 

H-C-CO,H  CO,H-C-H 

ci  s.  trans. 

corresponding  to  maleic  and  fumaric  acids,  should  exist. 

It  has  been  shown  by  W.  H,  Perkin,  jun.,  and  Alice  E.  Smith 
(Trans.,  1903,  83,  8,  771  ;  1904,  85,  155)  that  aa-dimethylglutaconic 
acid,  CO.^H-CMe^-CHICH-COgH,  and  aaaj-trimethylglutaconic  acid, 
COgH'CMeg'CHICMe-CO^H,  both  occur  in  cis-  and  ^rems-modifica- 
tions, and  this  fact  makes  it  ail  the  more  remarkable  that  the  parent 
substance— glutaconic  acid  itself — is  only  known  in  one  form. 

Glutaconic  acid  melts  at  134°,  and  when  heated  with  acetyl  chloride 
yields  an  anhydi^ide  which  melts  at  87°  and  was  first  prepared  by 
Buchner  {Ber.,  1890,  23,  706).  In  investigating  this  anhydride,  the 
authors   find  that  it   may  be   distilled   without   décomposition   under 
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reduced  pressure,  and  that,  as  Buchner  lias  stated,  it  yields,  on  hydro- 
lysis,  the  glutaconic  acid  from  which  it  was  propared.  It  is  therefore 
certain  that  the  only  known  modification  of  gkitaconic  acid  is  the 
Cïs-modification,  a  view  which  has  ah^eady  heen  put  forward  by 
Buchner.  A  large  number  of  experiments  were  instituted  by  the 
authors  in  the  hope  of  being  able  to  isolate  the  corresponding  trans- 
modification  of  gkitaconic  acid,  but  without  success.  Several  new  and 
interesting  facts  were,  however,  brought  to  light,  which  may  be  briefly 
stated  as  follows. 

When  glutaconic  acid  is  distilled,  it  décomposes  into  vinylacetic  acid 
and  Carbon  dioxide, 

CO^H-CHg-CHICH-COaH  =  COaH-CH^-CHICH.,  +  CO,, 
biit   when   heated   with  water   in  a  sealed   tube  at  180^   the  décom- 
position takes  place  in  another  direction  and  crotonic  acid  results, 

C02H-CH2-CH:CH-C02H  =  CO2  +  CHg-CHICH-COgH. 
Glutaconic  acid  yields  a  characteristic  anilic  acid  (m.  p.  132°)  and  is 
readily  acted  on   by  bromine  with  formation  of    ajS-dibromoglutaric 
acid,  C02H-CH2-CHBr-CHBr-C02ÏÏ  (m.  p.  154-155°). 

A  séries  of  experiments  was  next  made  on  the  élimination  of 
hydrogen  haloids  from  halogen  substitution  products  of  glutaric  acid, 
in  the  hope  that  by  one,  at  least,  of  the  methods  employed  the  trmis- 
modification  of  glutaconic  acid  might  be  formed. 

^-Hydroxyglutaric  acid,  C02H-CH2-CH(OH)-CH2'C02H,  was  pre- 
pared  by  the  réduction  of  acetonedicarboxylic  acid  (Pechmann  and 
Jenisch,  Ber.,  1891,  24,  3250),  and  then  converted  into  ethyl  /?-chloro- 
glutarate,  C02Et*CH2"CHCl-CH2-C02Et,  by  the  action  of  phosphorus 
pentachloride  and  then  of  alcohol.  This  ester,  when  treated  with 
diethylaniline  and  subsequently  hydrolysed,  yielded  c?s-glutaconic 
acid.  This  resuit  is  remarkable  because,  under  exactly  the  same 
conditions,  ^-hydroxy-aaa^-trimethylglutaric  acid, 

C02H-CMe2-CH(OH)-CHMe-C02H, 
is    converted    into    ^rrtns-aaaj^-trimethylglutaconic    acid    (Perkin    and 
Smith,  Trans.,  1903,  83,  777). 

An  experiment  was  also  made  in  which  j8-hydroxyglutaric  acid  was 
subjected  to  distillation,  but  the  distillate  was  found  to  consist  of  a 
mixture  of  c«s-glutaconic  acid  and  its  anhydride, 

Ethyl  a-bromoglutarate  was  then  prepared  from  gltitaric  acid  in  the 
usual  manner  and  digested,  in  one  experiment,  with  alcoholic  potash, 
and  in  another  with  diethylaniline,  and  in  both  cases  the  product  was 
found  to  be  ^r««s-trimethylene(licarboxylic  acid  : 

,CHBr-CO,Et  ,,,,   ^ÇH-C02H 


This  remarkable  formation  of  a  trimethylene  derivative  had  previously 
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been  observée!  by  Bowtell  and  Perkin  (Proc,  1899,  15,  241),  and  the 
experitnents  described  in  the  présent  paper  entirely  confirm  the  results 
obtained  by  thèse  avithors. 

Lastly,  the  ethyl  a-bromoglutarate  just  mentioned  was  converted 
into  ethyl  a-iodoglutarate  by  digesting  in  alcoholic  solution  with 
potassium  iodide,  and  afterwards  hydrolysed  by  means  of  alcoholic 
potash,  but  in  this  case  aiso  the  product  obtained  was  trans-tvi- 
methylenedicarboxylic  acid. 

The  séries  of  experiments  just  described,  together  with  those  carried 
out  by  Miss  Smith  and  one  of  the  authors,  make  it  appear  probable 
that  the  formula  usually  assigned  to  glutaconic  acid,  namely, 

COoH-Cïï^-CHICH-CO.H, 

does  not  always  correctly  represent  the  constitution  of  this  acid. 

The  gênerai  behaviour  of  glutaconic  acid  seems  to  indicate  that  its 
molécule  is  symmetrical,  and  the  expression 

seems  to  explain,  in  a  more  satisfactory  manner,  many  of  the  remark- 
able  properties  of  the  acid.  Such  an  expression  may  be  considered  as 
a  tautomeric  modiBcation  of  the  old  formula,  and  therefore  capable  of 
being  converted  into  the  latter  during  the  course  of  certain  reactions. 
The  new  formula  may  possibly  offer  an  explanation  of  the  probable 
existence  of  only  one  modification  of  glutaconic  acid,  since  a  substance 
of  this  constitution  would  hardly  exist  in  cis-  and  irans-modifications, 
at  ail  events,  of  the  kind  met  with  in  the  case  of  fumaric  and  maleic 
acids. 

As  further  évidence  in  faveur  of  the  new  formula  may  be  mentioned 
the  fact,  recently  proved  by  Dr.  J.F.  Thorpe,  that  the  positions  a  and  a^ 
(a  and  y)  in  glutaconic   acid  are  identical,  whereas  this  could  hardly 

be  the  case  if  the  acid  had  the  constitution  C02H-CHo*Cïï:CH-CO^H. 
Another  interesting  observation  is  the  fact  that  aa^-dimethylglut- 
aconic  acid,  which  according  to  the  new  formula  would  be  repre- 
sented  thus  : 


exists,  like  glutaconic  acid  itself,  apparently  in   one  modification  only 
(compare  Reformatsky,  Chem.  Centr.,  1898,  ii,  886). 

As  soon,  however,  as  two   methyl  groups  become  attached  to  one 
a-carbon  atom,  as  in  the  case  of  the  dimethylglutaconic  acid, 

CO.^H-CMe.-CHICH-CO^H, 

and  the  trimethylglutaconic  acid,   COgH'CMeg-CH.'CHMe-CO.H,  the 
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substances  become  derivatives  of  the  old  formiila  of  glutaconic  acid, 
and  at  once,  just  as  in  the  case  of  fumai-ic  and  maleic  acids,  cis-trans- 
isomerism  is  observed. 

A  further  discussion  of  the  constitution  of  glutaconic  acid  will 
appear  in  a  paper  by  Dr.  Thorpe,  which  is  shortly  to  be  published. 

Expérimental. 
Glutaconic  Acid,  ils  Anhydride  and  Décomposition  Products. 

The  glutaconic  acid  employed  in  thèse  experiments  was  prepared  by 
the  method  of  Conrad  and  Guthzeit  {Ber.,  1882,  15,  2841),  and,  after 
sevei-al  crystallisations  from  water,  it  melted  at  134°. 

When  glutaconic  acid  is  heated  in  a  retort  under  the  ordinary  pressure, 
it  melts  and  gradually  darkens  in  colour  ;  carbon  dioxide  and  water  are 
eliminated,  a  small  quantity  of  a  pungent-smelling  acid  liquid  distils 
over,  and  a  considérable  amount  of  a  carbonaceous  mass  remains  in  the 
retort.  The  distillate  from  a  number  of  opérations  was  dissolved  in  a 
little  ether,  dried  over  calcium  chloride,  the  ether  evaporated  and  the 
residue  twice  fractionated,  when  a  mobile  liquid  was  obtained  which 
distilled  at  about  165°  and  gave  the  following  results  on  analysis  : 

0-1568  gave  0-3196  CO2  and  0-1022  H2O.     C  =  55-6;  H  =  7-2. 
C^HgOg  requires  C  =  55-8;  H  =  7-0  per  cent. 

This  acid  is  obviously  produced  by  the  élimination  of  carbon  dioxide 
from  glutaconic  acid  and  might  thei-efore  be  either  crotonic  acid,  iso- 
crotonic  acid,  or  vinylacetic  acid.  When  cooled  in  a  freezing  mixture, 
it  showed  no  signs  of  crystallising,  and,  since  the  crotonic  acids  readily 
solidify  under  thèse  conditions,  it  is  probably  vinylacetic  acid. 

When  glutaconic  acid  is  distilled  under  a  12  mm.  pressure,  an  oil 
passes  over  between  150 — 210°  and  crystallises  on  cooling.  The 
crystals  consist  of  glutaconic  anhydride  mixed  with  a  considérable 
quantity  of  the  unchanged  acid. 

An  experiment  was  next  made  on  the  action  of  dilùte  hydrochloric 
acid  on  glutaconic  acid.  The  pure  acid  was  dissolved  in  5  per  cent, 
hydrochloric  acid  solution  and  heated  in  a  sealed  tube  at  180°  for  one 
hour.  On  opening  the  tube,  a  quantity  of  gas  escaped  which  proved  to 
be  carbon  dioxide.  The  liquid  was  extracted  with  ether,  the  ethereal 
solution  dried  and  evaporated,  and  the  residue  distilled,  when  an  oil 
passed  over  at  170 — 180°  which,  on  cooling,  partially  solidified.  The 
oil  was  remov'ed  by  contact  with  porous  porcelain  and  the  residue 
crystallised  from  light  petrjleum,  Avhen  neeJle-shaped  ci^ystals  were 
obtained  which  melted  at  71 — 72°  and  gave  the  following  results  on 
analvsis  : 


I 
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0-0838  gave  0-1721  CO^  an.i  0-0520  HgO.     C  =  56-0;  H  =  6-8. 
C^HjjOg  requii-es  C  =-•  55-8  ;  H  =  7*0  per  cent. 

The  pvoperties  of  this  acid  leave  no  doubt  that  it  was  crotonic  acid, 

ch3-ch:oh-cOoH. 

In  order  to  investigate  f urther  the  properties  of  glutaconic  anhydride, 
a  considérable  quantity  of  this  substance  was  prepared  by  the  method 
recommended  by  Buchner  (Ber.,  1890,  23,  706),  namely,  by  treating 
the  acid  with  acetyl  chloride.  As  observed  by  Buchner,  this  anhydride, 
when  heated  under  the  ordinary  pressure,  décomposes  at  about  130°; 
but  the  authors  find  that,  when  heated  under  15  mm.  pressure,  it 
distils  for  the  most  part  unchanged  at  152 — 153°.  The  oily  distillate 
solidifies  quickly  to  a  mass  of  needies  which,  after  draining  on  porous 
porcelain  and  recrystallising  from  ether,  melt  sharply  at  87°. 

When  the  solution  of  the  anhydride  (1  gram)  in  dry  ether  (150  ce.) 
is  mixed  with  aniline  (1  gram),  a  white  solid  séparâtes,  but,  on  boiling, 
this  again  passes  into  solution.  If  the  bulk  of  the  ether  is  distilled 
off  and  the  residue  allowed  to  stand,  colourless  prisms  separate,  which, 
after  recrystallisation  from  ether,  melt  at  128 — 132°  and  consist  of 
glutaconanilic  acid. 

0-2120  gave  12-7  ce.  of  nitrogen  at  18°  and  755  mm.     N  =  7-2. 
Cjj^Hj^OgN  requires  N  =  6-9  per  cent. 


Experiments  lolth  Glutaric  Acid  and  its  Derivatives. 

The  first  séries  of  experiments  was  made  with  )8-hydroxyglutaric 
acid,  C02H-CH2-CH(OH)-CK/C02H,  which  was  prepared  in  quantity 
by  the  réduction  of  acetonedicax'boxylic  acid  (Pechmann  and  Jenisch, 
Ber.,  1891,  24,  3250).  It  was,  however,  found  unnecessary  to  carry 
out  the  tedious  pui'ification  by  means  of  the  copper  sait  which  thèse 
chemists  recommend.  The  product  of  the  réduction  is  acidifie  1  with 
hydrochloric  acid,  evaporated  to  dryness,  and  extracted  with  ether  in  a 
large  Soxhlet  apparatus.  The  ethereal  solution,  after  drying  over 
calcium  chloride  and  evaporating  to  a  small  bulk,  slowly  deposits 
crystals  of  pure  ^-hydroxyglutaric  acid.  When  this  hydroxy-acid  is 
distilled  under  18  mm.  pressure,  water  is  eliminated  and  the  boiling 
point  rises  continuously  to  about  210°.  The  distillate,  which  quickly 
solidifies,  consists  of  a  mixtux'e  of  glutaconic  acid  and  glutaconic 
anhydride,  and  not  of  the  acid  alone  as  stated  by  Pechmann  and 
Jenisch  (loc.  cit.). 

Ethyl  ^-chloroglutarate  was  prepared  from  the  j8-hydroxy-acid  in 
the  folio wing  way.  The  hydroxy-acid  (6  grams)  was  left  in  contact 
with  phosphorus  pentachloride  (25  grams)  in  the  cold  until  ail  action 
had  ceased  ;  the  product  was  then  heated  for  a  short  time  on  the  water- 
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bath  and  poured  into  200  ce.  of  absolute  alcohol.  The  alcoholic 
solution  was  mixed  witli  water,  extracted  with  ether,  the  ethereal 
solution  washed  well  with  dilate  sodium  carbonate,  dried  over  calcium 
chloride,  evaporated,  and  the  residue  left  over  sulphuric  acid  in  a  vacuum 
desiccator  for  two  days. 

The  analysis  gave  numbers  agreeing  only  approximately  with  those 
required. 

0-2525  gave  0-1430  AgCl.     Cl  =  14-0. 

CgHjjO^Cl  requires  Cl=  16-0  per  cent. 

The  ester  thus  obtained  was  heated  with  about  twice  its  volume  of 
freshly  distilled  diethylaniline  at  150°  for  15  minutes;  the  dark  pro- 
duct  was  poured  into  dilute  hydrochloric  acid,  extracted  with  ether, 
the  ethereal  solution  washed  with  dilute  acid,  dried  over  calcium 
chloride,  and  evaporated,  The  residual  oil  was  hydrolysed  with  methyl- 
alcoholic  potash  and,  after  removal  of  the  alcohol  by  the  addition  of 
water  and  evaporation,  the  residue  was  acidified  and  extracted  with 
ether.  The  solid  mass  obtained  on  distilling  off  the  ether  was  re- 
crystallised  from  water,  when  nearly  colourless  crystals  were  obtained 
which  melted  at  130—132°  and  consisted  of  cts-glutaconic  acid. 

The  last  séries  of  experiments  made  was  with  the  a-halogen  substi- 
tution products  of  glutaric  acid.     Ethyl  a-bromoglutarate, 

COoEt-CHBr-CR/CHo-COoEt, 
was  prepared  by  heating  glutaric  acid  (5  grams)  first  with  phosphorus 
pentachloride  (16  grams)  on  the  water-bath  and  then  with  bromine 
(6  5  grams)  in  a  sealed  tube  for  one  hour.  '  The  product  was  poured 
into  excess  of  alcohol,  and,  after  several  hours,  water  was  added  and 
the  bromo-ester  extracted  with  ether.  The  ethereal  solution  was  well 
washed  with  dilute  sodium  carbonate,  and  evaporated,  when  ethyl 
a-bromoglutarate  was  obtained  as  an  oil  which,  after  standing  for 
some  days  over  sulphuric  acid  in  a  vacuum  desiccator,  was  analysed  : 

0-1803  gave  0-1256  AgBr.     Br  =  29-4. 

Ci^Hj-O^Br  requires  Br  =  300  per  cent. 

The  ethyl  a-bromoglutarate  thus  obtained  was  mixed  with  a  large 
excess  of  a  strong  solution  of  methyl-alcoholic  potash  and  heated  to 
boiling  for  one  hour,  during  which  opération  a  quantity  of  potassium 
bromide  separated.  After  adding  water  and  evaporating  almost  to 
dryness,  the  product  was  acidified  with  hydrochloric  acid  and  extracted 
several  times  with  ether.  The  ethereal  solution  was  dried  over  calcium 
chloride  and  evaporated,  when  a  yellow,  oily  residue  was  obtained, 
which  soon  deposited  a  quantity  of  crystals.  The  crystals  wei-e  freed 
from  adhering  oil  by  spreading  on  porous  porcelain,  and  then  crystal- 
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lised  from  water,  from  which  the  acid  separated  in  prisms  melting  at 
173—174°. 

0-1623  gave  0-2755  CO.,  and  0-0672  H.^O.     G  -  46-3  ;  H  =  4-6. 
CgHi-P^  requires  0  =  46-1  ;  H  =  4-6  per  cent. 

Since  this  acid  was  found  to  be  quite  stable  towards  permanganate, 
it  could  not  be  unsaturated,  and  the  only  other  alternative  was  that  it 
was  a  trimethylene  dex'ivative.  Careful  comparison  showed  that  it 
was  /î-rt7is-trimethylenedicarboxylic  acid  (l,  2),  a  resuit  which  confirms 
the  previous  experiments  of  Bowtell  and  Perkin  (Proc,  1899,  15, 
241).  The  action  of  diethylaniline  on  ethyl  a-bromoglutarate  was  also 
investigated,  and  an  ester  was  obtained  which,  on  hydrolysis,  again 
yielded  ^ra?îs-triinethylenedicarboxylic  acid. 

Lastly,  ethyl  a-iodoglutarate  was  prepared,  and  its  behaviour  on 
hydrolysis  investigated.  Ethyl  a-bromoglutarate  (10  grams)  was 
digested  in  alcoholic  solution  with  finely  powdered  potassium  iodide 
(7  grams)  for  four  hours,  during  which  opération  much  potassium  brom- 
ide  separated.  After  diluting  with  water,  the  product  was  extracted 
with  ether,  the  ethereal  solution  washed  with  sodium  hydrogen  sulphite 
until  free  from  iodine,  dried  over  calcium  chloride,  and  ovaporated, 
After  remaining  for  some  hours  over  sulphuric  acid  in  an  exhausted 
desiccator,  the  following  results  were  obtained  on  analysis  : 

01896  gave  0-1349  Agi.     1  =  38-7. 

G.^HijO^T  requires  1  =  40-4  per  cent. 

This  crude  iodo-ester  was  treated  with  alcoholic  potash  in  the  manner 
described  in  the  case  of  the  corresponding  bromo-ester,  with  the  resuit 
that  <r«ws- trimethylenedicarboxylic  acid  was  again  obtained  as  the 
principal  product  of  the  reaction. 

In  conclusion,  the  authors  désire  to  express  their  thanks  to  the 
Kesearch  Fund  Committee  of  the  Chemical  Society  for  a  grant,  out  of 
which  much  of  the  expense  of  this  reseai-ch  was  defrayed. 

The  Victoria  Uxiversity, 
Manchester. 
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XLV. — Studies  in  the  Camj^hanc  Séries.     Part  XVIII. 
A   Neiv  Formation  of  Acetylcamphor. 

By  Martin  Onslow  Forster  and  Hilda  Mary  Judd,  B.Sc. 

CoNCURRENTLY  witli  experiments  on  the  behaviour  of  hydroxymethyleue 
camphor  towards  magnésium  alkyl  halides,  we  hâve  studied  the  course 
of  the  Grignard  reaction  on  a-cyanocamphor,  and  find  that  whilst 
about  80  per  cent,  of  the  latter  escapes  attack  by  magnésium  methyl 
iodide,  this  agent  con  verts  theremainder  into  the  compound 

which  bears  to  acetylcamphor  that  relation  which  the  deriv.itive 
obtained  by  heating  together  ammonium  formate  and  benzoylcamphor 
has  to  the  last-named  substance  (Forster,  Trans.,  1903,  83,  108)  : 

Phenyliininomethylcamphor.  Benzoylcamphor. 

Dilute  hydrochloric  acid  résolves  the  new  imino-compound  quantita- 
tively  into  ammonia  and  acetylcamphor,  the  properties  of  which  are  in 
complète  agreement  with  those  described  by  Briihl  (^er.,  1903,  36, 
4282),  who  first  obtained  this  ;8-diketone  on  hydrolysing  methyl 
C'-acetylcamphorcarboxylate,  and  more  recently  by  the  action  of  zinc 
on  a  bromocamphor  dissolved  in  ethyl  acétate  {Ber.,  1904,  37,  755). 

The  Grignard  reaction  has  been  applied  to  niti'iles  alieady  by  Biaise 
{Compt.  rend.,  1901,  132,  839,  978,  and  133,  1217),  who  obtained 
crystalline  magnésium  compounds  of  the  type  CPtI»'IN*MgI,Et.,0, 
yielding  ketones  when  decomposed  with  water,  but  the  expérimental 
conditions  were  not  favourable  to  the  isolation  of  an  imino-compound. 
Moreover,  the  nitriles  examined  were  simple  in  structure,  and  in  view 
of  the  behaviour  of  other  camphor  derivatives  towards  magnésium 
methyl  iodide  (Forster,  this  vol.,  p.  232),  it  was  considered  désirable  to 
ascertain  whether  the  organo-metallic  compound  attacked  the  carbonyl 
group  in  préférence  to  the  cyanogen. 

The  conversion  of  a-cyanocamphor  into  the  iniine  of  acetylcamphor 
led  us  to  expect  that  the  action  of  magnésium  phenyl  bromide  would 
give  rise  to  the  phenyliininomethylcamphor  already  mentioned  ; 
although  there  is  no  difficulty  in  isolating  this  comjsound  from  the 
products  of  reaction,  the  yield  is  inferior  to  that  of  the  acetylcamphor 
derivative,  which  is  obtainable  in  quantities  comparing  favoui'ably 
with  the  return  from  Brlihl's  process. 
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The  action  of  magnésium  alkyl  iodides  on  hydroxymethylene- 
camphor  is  less  easy  to  intei'pret,  owing  to  the  fact  that  there  is 
produced  in  each  case  a  mixture  of  two  liquid  substances  which  are 
separated  with  difficulty.  IMoreover,  although  the  chemical  investi- 
gations of  Claisen  {Annalen.  1894,  281,  306)  and  the  physical  studies 
of  BrUhl  {J.  ]n:  Chem.,  1894,  [ii],  50,  209  ;  Zeit.  fhysihcd.  Cheia., 
1900,  34,  31)  hâve  definitely  established  the  enolic  constitution  of 
hydroxymethylenecamphor,  it  is  necessary  to  keep  in  view  the  possi- 
bility  of  that  substance  behaving  tovvards  magnésium  alkyl  halides  in 
the  uianner  associated  with  aldéhydes  : 

the  alternative  course, 

being  that  followed  by  /sonitrosocamphor. 

In  the  caise  of  magnésium  methyl  iodide,  the  possible  isomeric  products 
would  bave  the  empirical  formula  Cj^H^yOg,  but  in  spite  of  several 
modifications  in  the  experiments,  the  liquid  obtained  has  invariably 
given  results  on  analysis  between  those  required  by  this  formula  and 
by  that  of  its  anhydride.  Ultimately  an  individual  substance  liaving 
the  composition  CjoHj^O  was  isoluted  by  treating  with  zinc  dust  in 
alcohol  the  crystalline  dibromide,  O^.iïï^^OBrg,  produced  when  the  liquid 
mixture  is  treated  with  bromine  dissolved  in  light  petroleum.  Evi- 
dently,  therefore,  the  initial  product,  C^.^HoqO.,,  becomes  transfornied  to 
some  extent  into  its  anhydride,  which  might  hâve  the  constitution 
represented  by  any  of  the  formulai 

Indifférence  towards  phosphorus  pentachloride  and  the  behaviour  of 
the  compound  towards  bromine  preclude  expres.->ion  II,  whilst  the 
spécifie  rotatory  power  [a]o  195°  seems  inconsistent  with  that  of 
ethylidenecamphor,  Minguin  having  shown  that  the  latter  substance  has 
[a]]j  113'^.  Moreover,  we  find  that  when  the  a-benzoyl  derivative  of 
hydroxymethylenecamphor  is  treated  with  magnésium  methyl  iodide 
the  product  is  a  mixture  of  the  compound  Cj.^HisO,  obtained  from 
hydroxymethylenecamphor  itself,  with  a  substance  having  the  empirical 
formula  C^iH^^Og,  from  which  it  doubtless  arises  by  the  élimination  of 
benzoic    acid  ;    the  production   of    ethylidenecamphor  eau    hardly  be 
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leconciled    with    this    observation,     as    the    a-benzoyl    deiivative    of 
hydroxymethylenecamplior  probably  bas  the  constitution 

It  is  moi-e  likely,  therefore,  that  the  compound  CjgHjgO  belongs 
to  the  oxide  class  and  has  the  constitution  'represented  by  formula 
III,  an  expression  which  accords  with  its  indiiîerence  towards  phos- 
phorus  pentachloride,  phenylcarbimide,  hydroxylamine,  and  ammo- 
niacal silver  oxide,  whilst  agreeing  with  the  behaviour  of  the  dibrom- 
ide  towards  zinc  dust,  and  the  readiness  with  which  potassium 
permanganate  oxidises  it  to  camphoric  acid. 

The  action  of  magnésium  ethyl  iodide  on  hydroxymethylenecamphor 
proceeds  on  similar  lines.  In  this  case,  also,  a  mixture  is  obtained, 
consisting,  we  believe,  of  the  normal  compound  and  the  unsaturated 
oxide  derived  from  it  by  loss  of  water  : 

_^  ^      X:CH-OH  r<  Ti   ^Ç  ===  9H 

^«^-<C(C,H,).OH  ""''^         ^«^-<C(C,H,).0     • 

Although  fractional  distillation  fails  to  separate  thèse  two  compounds, 
treatment  with  bromine  gives  rise  to  a  crystalline  dibromide, 

C,3H,,OBr2, 
from  which  the  unsaturated  oxide,  C^glIg^O,  may  be  regenerated  by  the 
action  of  zinc  in  alcohol.     The  properties  of  the  substance  correspond 
with  those  of  the  lower  homologue,  Cj2Hi8^- 

Expérimental. 

Conversion  of  a-Cyanocamjihor  into  Acetylcaviphor  and  Benzoylcamphor. 

Twenty  grams  of  a-cyanocamphor  were  added  to  an  ice-cold  ethereal 
solution  of  magnésium  methyl  iodide  prepared  from  100  grams  of 
methyl  iodide  and  14  grams  of  magnésium  powder,  the  action  being 
very  vigorous.  On  decomposing  the  j)i"oduct  with  ice  and  adding 
sufËcient  acetic  acid  to  dissolve  the  magnésium  compounds,  a  considér- 
able proportion  of  unchanged  cyanocamphor  was  precipitated,  and  a 
further  amount  was  extracted  from  the  ethereal  layer  by  potassium 
hydroxide.  After  this  treatment,  the  ether  deposited  four  grams  of  a 
crystalline  substance  on  evaporation,  and  this  compound  has  been 
identified  as  the  imine  of  acetylcamphor, 

The  crude  material  was  dissolved  in  dilute  hydrochloric  acid,  pre- 
cipitated   with    potassium    hydroxide,    dried    in    the    desiccator,    and 
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recrystallised  from  light  petroleum,  whicli  deposited  striated  prisms 
meltiug  at  126°.  A  solution  containing  0'2659  gram  in  25  ce.  of 
cMoroform  gave  a^  5°36'  in  a  2-dcm.  tube,  whence  [aj^  263*2". 

0-1099  gave  0-2987  CO,  and  0-0975  H^O.     C  =  74-12  ;  H  =  9-86. 
CjoHigON  i-equïres  0  =  7461  ;^H  =  9-84  per  cent. 

The  imine  obtained  in  tins  way  decolorises  a  solution  of  bromine  in 
chloroform,  and  when  the  substance  dissolved  in  dilute  sulphuric  acid 
is  treated  with  potassium  permanganate,  the  latter  is  immediately  re- 
duced,  a  transient  yellow  coloration,  suggesting  camphorquinone, 
being  followed  by  a  white,  crystalliue  precipitate,  probably  consisting 
of  camphoric  acid.  Hot  aqueous  alkalis  hâve  no  effect  on  the  substance, 
which  does  not  reduce  ammoniacal  silver  oxide  or  Fehling's  solution, 
but  ferrie  chloride  develops  an  intense  blue  coloration  in  alcoholic 
solutions.  Phosphorus  pentachloride  slowly  transforms  the  com- 
pound  into  an  oily  product,  and  benzoyl  chloride  acts  in  pyridine 
without  yielding  a  crystalliue  derivative.  If  platinic  chloride  is 
added  to  a  solution  in  alcohol,  no  change  occurs  at  lirst,  but  a 
precipitate  of  ammonium  platinichloride  séparâtes  slowly. 

The  picrate  séparâtes  in  minute,  yellow  needles  on  mixing  warm 
alcoholic  solutions  of  the  imine  and  picric  acid.  Recrystallisation 
résolves  a  portion  of  the  sait  into  ammonium  picrate,  which  séparâtes 
in  cbaracteristic,  transparent  prisms,  from  which  the  lustrous  needles 
of  the  imine  sait  can  be  sorted  mechanically.  The  latter  substance 
melts  at  143°,  forming  a  deep  red  liquid  which  does  not  evolve  gas. 

0-1296  gave  15-2  ce.  nitrogen  at  22=  and  760  mm.     N  =  13-65. 
CigHi.jON.CgHgO^Ng  requires  N  =  13-27  per  cent. 

llydrolysis  to  Acetylcamjihor  and  Ammoiiia. — The  substance  was 
dissolved  in  dilute  hydrochloric  acid,  forming  a  solution  which  was 
clear  at  first,  but  gradually  became  turbid,  developing  the  odour  of 
peppermint.  On  w^arming  gently,  a  colourless  oil  sépara ted,  quickly 
becoming  pale  yellow  ;  this  was  collected  with  ether  and  dried  with 
calcium  chloride,  the  acid  liquid  being  treated  with  platinic  chloride, 
which  immediately  gave  an  orange-red,  crystalliue  precipitate  of 
ammonium  platinichloride.  After  recrystallisation  from  boiling 
water, 

0-2849  gave  0-1234  Pt.     Pt  =  43-31. 

(NH4)2PtCl6  requires  Pt  =  43-91  per  cent. 

On  evaporating  the  dried  ethereal  extract,  a  pleasant-smelling  oil 
remained,  having  ail  the  properties  ascribed  by  Briihl  to  acetyl- 
camphor  {Ber.,  1903,  36,  4282),  the  odour  recalling  that  of  pepper- 
mint.      It    dissolves    readily    in    alkali    hydroxides,  and  in    alcoholic 
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solution  develops  with  ferrie  cbloride  an  intense  bluish-violet  colora- 
tion, wliicli  becomes  reddish-violet  on  dilution  with  water,  and  yields 
a  beautiful  dark  red  precipitate  with  sodium  acétate.  The  charac- 
teristic  copper  derivative  described  by  Briihl  was  obtained  also  from 
our  produet,  and  crystallised  from  petroleum  in  dark  olive-green 
leaflets  melting  at  200°. 

0-2227  gave  0-0377  CuO.     Cu  =  13-51. 

(C^^HjkOoJoCu  requires  Cu=  1414  per  cent. 

Formation  of  Phenyliiainomethylcaiiiplior. — Ten  grams  of  a-cyano- 
camphor  were  added  to  a  solution  of  magnésium  phenyl  bromide 
prepared  from  70  grams  of  bromobenzene  and  9-6  grams  of  magnésium 
powder  ;  the  ethereal  layer  obtained  on  decomposing  the  magnésium 
derivative  with  ice  and  acetic  acid  was  freed  from  cyanocamphor  by 
50  per  cent,  potassium  hydroxide,  evaporated  in  boiling  water,  and 
distilled  in  a  current  of  steam  in  order  to  remove  bromobenzene  and 
diphenyl.  The  residue  formed  a  sticky  solid,  which  became  granular 
by  treatment  with  a  small  quantity  of  cold  alcohol.  Dilute  hydro- 
chloric  acid  extracted  from  this  material  a  substance  which  crystallised 
from  light  petroleum  in  long,  tough,  lusti-ous  needles  melting  at  118°, 
ideiitical  with  the  compound  obtained  by  heating  enolic  benzoylcamphor 
with  ammonium  formate  (Forster,  Trans.,  1903,  83,  108). 

Action  of  Magnésium  Methyl  lodide  on  Hydvoxt/methyleiiecamplior. 

Ten  grams  of  dry,  finely  powdered  hydroxymethylenecamphor  were 
added  in  small  portions  to  an  ice-cold  solution  of  magnésium  methyl 
iodide  prepared  from  150  ce.  of  absolute  ether,  50  grams  of  methyl 
iodide,  and  7  grams  of  magnésium  powder,  a  somewhat  vigorous  action 
taking  place.  After  12  hours  crushed  ice  was  added,  folio wed  by  18 
grams  of  acetic  acid  diluted  with  water,  the  bright  pink  ethereal 
layer  being  washed  with  water  and  sodium  carbonate  ;  on  agitation 
with  aqueous  potassium  hydroxide,  the  colour  disappeared,  and  a  small 
quantity  of  unchanged  hydroxymethylenecamphor  was  removed, 
the  ether  being  then  evaporated  and  the  residue  distilled  in  a  current  of 
steam.  A  colourless  oil  passed  over  rapidly,  having  a  pleasant, 
refreshing  odour  ;  it  was  collected  with  ether,  quickly  dried  with 
calcium  cbloride,  freed  from  ether,  and  distilled,  7  grams  boiling  at 
234°  under  765  mm.  pressure  being  obtained. 

0-2186  gave  0-6265  CO2  and  0-1968  H,0.     0  =  7816;  H  =  1000. 
01983     „     0-5659  CO._j    „    0-1790  11^^0.     0  =  77-83  ;  H  =  10-03. 

C12H20O2  requires  C  =  73-47  ;  H  =  10-20  per  cent. 

^i^xP         "        C  =  80-90;   H=  10-11  percent. 
This  produet  had  a  sp.  gr.  09639  at    19^  and  gave  a^,  329°20'   in  a 
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2-(lcm.  tube,  whence  [ajo  170-8°;  a  solution  containing  0-4647  gram 
in  20  ce.  of  absolute  alcohol  at  19^  gave  aj,  7°40',  whence  [ajo  165-0^. 
As  the  analytical  results  agreed  more  closely  with  the  composition  of 
the  anhydride,  CoiHggO.^,  than  with  either  of  the  formulœ  quoted, 
déterminations  of  molecular  weight  were  made  in  benzène,  giving  as  a 
mean  resuit  M  =  170  (C^oHjgO  requires  M  =178;  Cg^Hg^Og  requires 
M  =  374).  The  oil  decolorised  bromine  in  chloroform  and  an  acidified 
solution  of  permanganate  immediately  in  the  cold,  but  gave  no 
coloration  with  ferrie  chloride,  and  although  elïervescing  with 
pho.sphorus  pentachloride,  the  action  quickly  subsided,  and  appeared 
dispi'oportionately  slight  for  the  amount  of  material  involved. 

Thèse  observations  indicating  a  mixture,  we  prepared  60  grams 
from  100  gz-ams  of  hydroxymethylenecamphor,  and  attempted 
to  isolate  an  individual  by  fractional  distillation,  obtaining  30  grams 
boiling  at  229 — 231°  under  757  mm.  pressure,  the  température  then 
risiug  to  240°  ;  the  spécifie  rotatory  power  of  this  material  in  alcohol 
was  [ajo  173-5°,  succeeding  fractions  having  [aj^  170-4°  (b.  p. 
231—232°)  and  [a]o  '166-3°  (b.  p.  232—236°).  On  redistilling  the 
first  fraction,  the  major  portion  boiled  at  229 — 230°,  but  the  analytical 
results  still  lay  between  those  required  by  the  formulai  Cj.^HoqOo  and 


The  Dibromide,  Q^.M^f)Bv^. 

Although  treatment  with  alcoholic  potassium  hydroxide  and  with 
concentrated  sulphuric  acid  failed  to  hydrolyse  the  anhydride  or  to 
dehydrate  the  hydroxy-derivative,  respectively,  and  so  furnish  a  single 
substance,  it  is  possible  to  isolate  the  anhydride,  Cj,H]gO,  from  the 
foregoing  mixture  in  the  form  of  the  dibromide,  Cj2ÏÏ^j;OBr2. 

The  oily  product  from  hydroxymethylenecamphor  and  magnésium 
methyl  iodide  was  mixed  with  chloi'oform,  cooled  in  ice,  and  treated 
with  its  own  weight  of  bromine  in  the  same  solvent.  The  colour  of 
the  halogen  was  destroyed,  and  hydrogen  bromide,  which  did  not 
appear  at  first,  was  liberated  in  some  quantity  as  the  liquid  evaporated  ; 
the  residue  consisted  of  a  yellow  oil,  in  which  crystals  were  embedded, 
and  thèse  were  then  drained  on  earthenware  and  recrystallised  twice 
from  boiling  light  petroleum. 

0-2263  gave  0-3491  CO2  and  0-1105  Hp.     C  =  4207;  H  =  5-43. 
0-3403     „     0-3803  AgBr.     Br  =  47-54. 
0-2574     „     0-2866  AgBr.     Br  =  47-37. 
CjgHjsOBra  requires  C  =  42-60_;  H  =  5-32;  Br  =  47-34  per  cent. 

The  dibromide  is  readily  soluble  in  cold  ether,  acétone,  chloroform, 
ethyl  acétate,  and  glacial  acetic  acid,  moderately  so  in  alcohol  and 
light  peti'oleum,  crystallising  from  the  last  named  in  long,  transparent, 
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hexagonal  prisms,  which  melt  at  152 — 153°  without  decomposing.  A 
solution  containing  0'2664  gram  in  25  ce.  of  chloroform  gave  a^  3°2r 
in  a  2-dcm.  tube,  whence  [aju  157"2°. 


Twenty  grams  of  the  dibromide  (m.  p.  152 — 153°)  were  dissolved 
in  100  ce.  of  absolute  alcohol  suificiently  warm  to  keep  the  substance 
in  solution  while  20  grams  of  zinc  dust  were  added  slowly  ;  it  is  neces- 
sary  to  conduct  the  treatment  with  zinc  very  carefully,  as  the  action 
is  liable  to  proceed  beyond  control,  After  half  an  hour  on  the 
water-bath  in  a  reflux  apparatus,  the  alcohol  was  distilled  off  and  a 
current  of  steam  passed  through  the  residue  without  filtering  the 
excGBs  of  zinc  The  colourless  oil  was  collected  with  ether,  dried  with 
calcium  chloride,  and  distilled,  boiling  at  227 — 228°  under  764  mm. 
pressure.  Considérable  difliculty  was  experienced  in  analysing  the 
compound  and  its  homologue,  the  percentage  of  carbon  being  per- 
sistently  nearly  1  par  cent,  too  low,  but  the  production  from,  and 
conversion  into,  the  dibromide,  C^j^isOErg,  seem  to  px-eclude  other 
empirical  formulée. 

0-2361  gave  0-6929  CO2  and  0-2202  HgO.     C  -  80-04  ;  H  =  10-36. 
Ci^HjgO  requires  C  =  80-89  ;  H  =  lO'll  per  cent. 

The  liquid  has  a  pleasant,  camphor-like  odour,  and  is  readily 
volatile  in  steam.  The  solution  in  chloroform  decolorises  bromine 
immediately,  and  on  evaporation  yields  the  dibromide  from  which  the 
substance  arises  by  the  action  of  zinc.  The  spécifie  rotatory  power 
corresponds  more  nearly  with  the  lower  fractions  of  the  mixture 
obtained  from  magnésium  methyl  iodide  and  hydroxymethylene- 
eamphor  than  with  the  less  volatile  portion;  a  solution  containing 
0-5257  gram  in  20  ce  of  chloroform  gave  aj,  10°15',  whence  [ajo  195-0°. 

Oxidation  with  Potassium  Permcmganate. — One  gram  of  the  oil  was 
shaken  with  a  2  per  cent,  solution  of  potassium  permanganate,  100  ce. 
of  which  were  required  to  produce  a  permanent  pink  coloration  ;  the 
tiltered  liquid  was  evaporated  to  small  bulk  and  rendered  faintly  acid 
with  dilute  sulphuric  acid.  On  dissolving  the  precipitate  in  sodium 
carbonate  and  repreeipitating,  camphoric  acid  was  identified  ;  the 
spécimen,  when  recrystallised  from  boiling  water,  did  not  depress  the 
melting  point  of  the  pure  substance. 

Action  of  Magnésium  Methyl  Iodide  on  the  a-Benzoyl  Derivative  of 
Hydroxymethylenecamjihor. 

In  their  paper  on  hydroxymethylenecamphor  {Annalen,  1894,  281, 
314),    Bishop,  Claisen,   and   Sinclair   describe   two   isomeric   benzoyl 
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derivatives,  the  relationship  of  which  has  not  been  explained,  Of 
thèse,  the  a-compound  (m.  p.  119 — 120°)  is  obtained  by  the  Schotten- 
Baumann  process  of  benzoylation,  and  we  hâve  studied  the  action  of 
magnésium  methyl  iodide  on  this  compound  under  the  conditions 
prescribed  for  hydroxymethylenecamphor  itself .  The  action  was  less 
vigorous,  and  the  ultimate  product,  of  which  50  grams  were  obtained 
from  90  gram.s  of  material,  was  an  oil  having  an  odour  of  peppermiut  ; 
this  product  boiled  over  a  somewhat  wide  range  of  température,  the 
fraction  distilling  at  230 — 235°  forming  the  major  portion  and  giving 
[a]o  122-1°. 

0-2207  gave  0-6457  CO^  and  0-1993  H.A     C  =  79-79  ;  H- 1003. 
C19H24O3  requires  C  =  76-00  ;  H  =    8-00  per  cent. 
C19H22O2        „        C  =  80-85  ;H=    7-80 
Ci.^H^sO         „        C  =  80-90;  H  =  10-11 

The  substance,  therefore,  resembles  the  compound  C^.^IIjgO,  and 
further  decolorises  bromine  in  chloroform  and  acid  potassium  per- 
manganate solutions.  Its  identity  with  that  material  was  established 
by  converting  it  into  the  dibromide,  Avhich  crystallised  from  petroleum 
in  lustrous,  hexagonal  prisms  melting  at  152°. 

0-3183  gave  0-3524  AgBr.     Br- 47-12. 

CYjH.ioOgBr.,  requires  Br=36-20  per  cent. 
CjoH^sOBr.^        „        Br  =  47-34        „ 

A  solution  containing  0-4196  gram  in  25  ce.  of  chloroform  gave 
tto  5°  15',  whence  [aj^  156*4°.  Thus  the  principal  resuit  of  tï-eating 
the  a-benzoyl  derivative  of  hydroxymethylenecamphor  with  magnésium 
methyl  iodide  is  to  produce  the  oxide,  C^-^H^gO,  identical  with  that 
obtained  from  hydroxymethylenecamphor  itself.  Nevertheless,  a 
benzoyl  compound  is  présent  also,  because  on  passing  a  current  of 
steam  through  the  oil  which  was  drained  from  the  crystalline 
dibromide,  C^gH^gOBro,  a  heavy  oil  came  over  having  the  irritating 
effect  on  the  eyes  produced  by  benzyl  bromide  ;  on  heating  this 
liquid  with  alcoholic  potash  during  several  hours  and  distilling  the 
product  in  steam,  a  colourless,  heavy,  unsaturated  oil  was  obtained, 
still  rich  in  bromine.  Although  this  compound  decolorised  bromine 
in  chloroform  without  losing  hydrogen  bromide,  no  crystalline  deriv- 
ative was  obtained  from  it. 


Action  of  Magnésium  Ethyl  Iodide  on  Hydroxymethylenecamphor. 

Proceeding  in  the  manner  described,  we  obtained  from  20  grams  of 
hydroxymethylenecamphor,  14  grams  of  magnésium,  and  100  grams  of 
ethyl  iodide  dissolved  in  400  ce,   of  absolute  ether,   16  grams  of  a 
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pleasant-smelling,  colourless  oil,  the  major  portion  of  which  distilled 
at  249 — 251°  under  770  mm.  pressure.  A  solution  containing  0-4484 
gram  in  20  ce.  of  chloroform  gave  a^  6°46'  in  a  2-dcm.  tube,  whence 
[a]D  150-9°. 

01964  gave  0-5614  CO2  and  0-1815  H^O.     0  =  77-96;  H  =  10-27. 
CigHgoO   réquires  0  =  81-24;  H  =  10-41  percent. 
C13H2A        "        0  =  74-28;  H  =  10-48 

As  in  the  cases  already  described,  the  normal  product  of  action 
appears  to  undergo  conversion  into  the  anhydride,  which  we  hâve 
isolated  by  the  process  indicated  for  the  compound  OjoHj^O.  The  oil 
■was  mixed  with  light  petroleum  and  treated  with  its  own  woight  of 
bromine  in  the  same  médium  ;  the  first  portions  of  the  halogen  were 
decolorised,  the  liquid  afterwards  remaining  red,  and  yielding  on 
evaporation  crystals  embedded  in  oil.  The  solid  product,  the  weight 
of  Avhich  was  roughly  the  same  as  that  of  the  material  employed,  after 
drainage  on  earthenware  was  recrystallised  fii'st  from  light  petroleum 
and  afterwards  from  hot  alcohol,  which  deposited  long,  colourless 
prisms  melting  at  88°. 

0-2458  gave  0-3925  00,  and  0-1255  HgO.     0  =  43-55;  H  =  5-67. 
0-3347     „     0-3561  AgBr.     Br  =  45-27. 
C^^U.^ffBr.^  requires  0  =  44-32  ;  H  =  5-68  ;  Br  =  45-45  per  cent. 

The  dibromide  is  moderately  soluble  in  petroleum  and  in  alcohol, 
dissolving  freely  in  chloroform,  benzène,  acétone,  and  glacial  acetic 
acid,  crystallising  from  the  last  named  in  long,  flat,  striated  needles 
on  diluting  with  water.  A  solution  containing  0-5108  gram  in  25  ce. 
of  chloroform  gave  a^  5°20',  whence  [ajo  130-5°. 

On  dissolving  the  dibromide  ia  warm  absolute  alcohol  and  adding 
zinc  dust  in  small  quantities,  a  very  vigorous  action  took  place,  and 
when  this  had  ceased  a  current  of  steam  was  passed  through  the  liquid, 
the  receiver  being  changed  as  soon  as  the  alcohol  had  been  removed. 
A  colourless,  limpid  oil  was  thus  obtained,  lighter  than  water,  and  having 
an  agreeable,  refreshing  odour  ;  it  boiled  at  236 — 238°  under  745  mm. 
pressure,  and  in  spite  of  the  difficulty  experienced  in  the  combustion 
of  this  substance  we  hâve  no  doubt  that  it  is  the  unsaturated  con- 
stituent O13H20O,  forming  the  major  portion  of  the  product  from 
hydroxymethylenecamphor  and  magnésium  ethyl  iodide. 

0-1240  gave  0-3649  OOg  and  0-1148  H^O.     0  =  80-26  ;  H  =  10-28. 
C13H20O  requires  0  =  81-24;  H  =  10-41  percent. 

A  solution  containing  0-3834  gram  in   20  ce   of  chloroform  gave 
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od  6°27'  in  a  2-dcm.  tube,  whence  [aj^  168'2°.  Potassium  permanganate 
is  immediately  reduced  by  the  oil,  which  decolorises  bromine  in  chloi-o- 
form,  regenerating  the  dibromide,  C^gHggOBr^,  which  melts  at  88^. 

RoïAL  Collège  of  Science,  London, 
South  Kensington,  S.W. 


XL VI. — Photographie  Radiation  of  some  Mercury 
Compounds. 

By  Robert  de  Jersey  Fleming  Struthers  and  James  Ernest 
Marsh. 

While  working  on  the  cyanides  we  lately  prepared,  by  combining 
mercuric  cyanide  with  phenylhydrazine,  a  mercury  compound 
having  the  composition  HgC^ÎSr2,2(NH2*NÏÏ*CeH-),  this  substance, 
when  freshly  obtained,  being  a  coloui'less,  crystalline  solid.  After 
studying  the  compound  for  a  time  the  idea  was  impressed  on  us 
that  it  evolved  something  of  the  nature  of  an  émanation  or  radia- 
tion. This  impression  was  tested  by  the  following  experiments. 
The  film  of  an  "  Ilford  Ordinary  "  dry  plate  was  covered  by  a  pièce 
of  white  paper,  and  on  this  a  small  portion  of  the  substance  was 
laid.  The  plate  thus  prepared  was  allowed  to  stand  in  the  dark 
for  about  ten  hours,  development  being  effected  by  a  pyrogallol  and 
sodium  carbonate  developer.  On  development,  the  plate  darkened 
markedly,  showing  a  dai-k  patch  underneath  the  spot  where  the 
substance  had  rested;  the  compound  had  therefore  acted  on  the 
film  through  the  paper.  Another  slightly  différent  experiment  was 
made.  A  plate  of  zinc,  perforated  with  holes,  was  enclosed  between 
two  sheets  of  paper,  and  the  whole  interposed  between  the  photo- 
graphie plate  and  the  active  substance.  The  exposure  lasted  thirty- 
four  hours;  on  development  the  plate  darkened  markedly  in  spots 
corresponding  with  the  perforations.  There  was  a  little  darkening 
observed  beneath  the  zinc,  but  since  Dr.  Russell  has  shown  that 
metallic  zinc  exerts  an  action  on  a  photographie  plate,  this  is  easily 
explicable. 

Thèse  experiments  being  so  far  satisfactory,  a  sevei'er  test  was 
applied.  Since  certain  kinds  of  radiation  pass  through  aluminium, 
a  plate  was  covered  with  a  sheet  of  this  métal  about  0003  cm.  in 
thickness.  On  this  the  substance  was  placed;  no  effect,  however, 
was  producd,  even  after  many  days'  exposure.  This  resuit  is,  how- 
ever, by  no  means  surprising,  as  Rutherford  has  shown  that  000 17 
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cm.  of  aluminium  is  sufficient  to  absorb  ail  the  a-rays  from  radium. 
Wlien  thinner  aluminium  was  employed,  quite  a  différent  resiilt  was 
obtaiued.  The  substance  was  not  jDlaced  in  contact  but  exposed  at 
some  distance  from  the  plate,  which  was  wrapped  in  the  foil, 
the  film  being  covered.  It  was  then  laid  face  downwards  on  a 
watch-glass  contaiuing  a  small  portion  of  the  su.bstance,  and  to  this 
it  was  secured  by  india-rubber  bands.  After  about  two  days,  the 
plate  was  removed  and  developed,  when  a  dark  circular  patch 
appeared,  coinciding  with  the  area  of  the  watch-glass.  It  was,  how- 
ever,  much  denser  over  the  space  occupied  by  the  substance.  The 
action  was  in  no  way  due  to  the  aluminium,  for  although  covered 
with  the  foil,  no  action  took  place  outside  the  part  enclosed  by  the 
watch-glass.     The  exposure  lasted  about  forty  hours. 

Since  quartz  is  a  médium  very  transparent  to  certain  rays,  it  was 
thought  désirable  to  ascertain  whether  the  substance  could  act 
through  a  layer  of  rock-crystal.  A  portion  of  the  compound  was 
accordingly  placed  in  a  watch-glass,  covered  by  a  dise  of  quartz, 
and  the  whole  exposed  under  a  dry  plate  for  a  couple  of  days.  On 
the  first  trial  there  appeared  to  be  a  vei'y  slight  action;  but,  on 
repeatiug  the  experiment,  no  darkening  of  the  film  was  observable. 

Having  thus  made  out  a  2}fi^^(^  facie  case  in  favour  of  some  sort 
of  radiation  or  émanation  from  the  substance,  this  was  likewise 
tested  for  any  signs  of  electrical  activity.  Mr.  P.  J.  Kirkby  kindly 
undertook  this  for  us,  but  failed  to  detect  any  such  action. 

The  photographie  action,  however,  takes  place  through  pajjer  and 
aluminium  foil,  both  of  which,  as  we  hâve  shown,  readily  stop  the 
massive  a-radiation  of  radium. 

We  hâve  prepared  a  copper  compound  similar  in  constitution  to 
the  active  mercuric  compound,  and  bave  tested  it  similarly  on  a 
plate  covered  with  a  perforated  sheet  of  zinc  and  two  pièces  of 
paper.  There  appeared,  however,  to  be  no  action — in  fact,  the 
space  under  the  perforations  seemed  in  some  cases  to  be  clearer 
than  the  surrounding  film.  This  effect,  again,  is  readily  explicable 
by  Dr.  Russell's  researches. 

To  prove  whether  the  mercury  compound  emits  a  vapour  which 
might,  directly  or  indirectly,  act  on  a  photographie  plate,  rather 
more  than  a  gram  of  substance  was  kept  for  several  weeks  in  a 
desiccator  over  concentrated  sulphuric  acid.  Any  phenylhydrazine 
vapour,  should  such  be  evolved,  would  at  once  be  absorbed.  The 
substance  was  weighed  at  intervais  of  a  day  or  two.  At  first  there 
seemed  to  be  practically  no  loss,  but  on  extending  the  investigation 
over  a  jaeriod  of  some  weeks,  a  small  decrease  in  weight  became 
apparent.  After  four  weeks,  the  loss  had  only  amounted  to  014 
per  cent.,  equal  to  five  joarts  per  hundred  thousand  per  diem. 
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The  generators  of  the  active  mercury  compound,  namely,  mercuric 
cyanide  and  phenylhydrazine,  were  tested  separately  to  ascertain 
whether  they  wovild  hâve,  fer  se,  any  effect  on  a  sensitive  film, 
Phenylhydrazine  was  found  to  be  active,  but  the  effect  was  more 
diffused  and  slnggish  than  when  in  combination.  A  few 
drops  in  a  watch-glass  placed  under  a  dry  plate  foi-med  an 
image,  which  covered  the  whole  space  enclosed  by  the  watch-glass, 
whereas  with  our  mercury  compound  the  photographie  effect  was 
densest  immediately  above  the  substance,  and  much  lighter  round 
the  edge  of  the  watch-glass.  When  similarly  tested,  the  other  con- 
stituent, mercuric  cyanide,  gave  some  quite  tinexpected  results.  We 
were  prepared  to  find  that  this  was  an  inactive  substance.  How- 
ever,  on  exposing  a  plate  over  a  small  quantity  contained  in  a 
watch-glass  for  about  twenty-four  hours,  it  produced  a  fairly  strong 
image,  which  coincided  with  the  outline  of  the  substance,  and  did 
not  extend  to  the  edge  of  the  watch-glass.  It  had  a  striated  appear- 
ance,  and  seemed  such  as  might  hâve  been  caused  by  a  sort  of 
bombardment  of  particles  from  the  substance  rather  than  by  a 
slowly  diffusing  vapour.  We  therefore  determined  to  investigate 
the  action  of  this  substance  more  fully.  Some  of  the  cyanide  was 
placed  in  a  tube,  and  heated  by  the  flame  of  a  bunsen  burner. 
After  the  usual  decrepitation  had  ceased  and  the  substance  was  on 
the  verge  of  décomposition,  it  was  allowed  to  cool.  The  cyanide 
thus  prepared  was  exposed  under  a  photographie  plate  as  before. 
On  development,  no  trace  of  action  was  visible.  The  heating  had 
rendered  the  mercuric  cyanide  inert. 

Having  devised  a  method  by  which  mercuric  cyanide  might  be 
distilled  in  a  high  vacuum  without  any  décomposition  such  as  occurs 
when  it  is  heated  under  ordinary  atmospheric  pressure,  some  of  the 
substance  was  placed  in  a  small  retort  and  volatilised  by  this 
method.  The  tube  of  the  retort  in  which  the  distillate  had  con- 
densed  was  eut  into  cross  sections,  and  the  contents  of  each  exposed 
separately  under  a  photographie  plate  to  find  whether  the  active 
principle  had  again  condensed  at  any  part  of  the  tube.  None  of 
thèse  sections,  however,  proved  to  be  active. 

Mercuric  cyanide,  therefore,  is  not  active  under  ail  conditions. 
We  desired  to  find  out  whether  this  activity  is  gênerai  or  acquired, 
or  whether  it  is  owing  to  an  impurity  contained  in  the  sait  ?  To 
throw  some  light  on  this  subject  we  tested  as  many  spécimens  of 
the  cyanide  as  were  to  be  found  in  our  laboratories.  Of  several 
samples,  ail  were  found  active  but  one,  and  this  was  apparently  a 
very  old  spécimen.  A  spécimen  of  the  sait  prepared  from  inactive 
mercuric  oxide  and  carefully  prepared  hydrocyanic  acid  was  found 
to  be  active.     When  mercuric  cyanide  was  covered  by  a  layer  of 
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water  and  the  wliole  exposed  under  a  plate,  there  was  no  action. 
When,  however,  inactive  mercuric  cyanide  was  slightly  moistened 
with  water,  it  became  active. 

After  liaving  discovered  that  mercuric  cliloride  is  very  active, 
whicli  we  did  early  in  the  investigation,  we  thonglit  it  higlily 
probable  that  the  somewhat  weaker  activity  of  the  cyanide  might 
be  due  to  the  présence  of  traces  of  the  chloride.  This  idea  was 
strengthened  by  the  fact  that  mère  traces  of  mercnric  chloride,  when 
added  to  inactive  cyanide,  produced  an  active  mixture.  The  most 
careful  investigation,  however,  failed  to  reveal  the  slightest  con- 
tamination with  mercuric  chloride  in  some  of  the  most  active 
spécimens  of  mercuric  cyanide.  The  active  effect  is,  therefore, 
apparently  quite  independent  of  the  présence  of  chloride,  and  as  it 
still  appeared  in  the  mercuric  cyanide,  which  was  prepared  by  us 
with  the  greatest  care  from  pure  materials,  as  above  stated,  this 
idea  may  be  dismissed  as  most  improbable. 

The  tests  to  which  we  subjected  mercuric  chloride  showed  this 
substance  to  be  very  active.  A  plate  exposed  over  a  small  quantity 
in  a  watch-glass  darkened  strongly  on  development.  In  order  to 
test  whether  this  resembled  the  cyanide  in  its  behaviour  after  heat- 
ing,  a  few  grams  were  distilled  under  ordinary  atmospheric  pressure 
until  about  two-thirds  had  passed  over  into  the  receiver.  Small 
portions  of  distillate  and  residue  were  each  exposed  in  a  separate 
réceptacle  under  the  same  dry  plate.  Ou  developing  the  plate, 
both  portions  produced  images  of  about  equal  intensity.  The  dis- 
tillate formed  rather  a  larger  and  wider  image,  but  this  différence 
may  hâve  been  merely  accidentai.  The  chloride,  therefore,  is 
unlike  the  cyanide,  since  its  activity  persists  unchanged  after  heat- 
ing  and  distilling. 

Merciiric  cyanide  and  chloride  havirig  proved  to  be  active,  it 
seemed  i^ossible  that  other  compovmds  of  the  métal  might  produce 
similar  effects.  Accordingly,  mercui-ic  bromide,  iodide,  nitrate, 
sulphate,  acétate,  sulphide,  oxide,  and  mercuric  ammonium  chloride 
were  tested,  as  were  also  mercurous  chloride,  nitrate,  sulphate, 
acétate,  and  oxide.  Of  thèse,  the  bromide  and  both  the  nitrates 
were  active,  but  ail  the  other  salts  were  inactive  or  at  most  very 
slightly  active. 

Redistilled  metallic  mercury  was  found  to  be  quite  inactive  as 
regards  an  ordinary  dry  plate. 

Silver  cyanide,  either  white  or  when  darkened  by  light,  had  no 
action;  neither  was  cuprous  cyanide  active. 
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XLVII. — Nitrogen  Halogcn  Derivatives  of  the  Aliphatic 

Diamines. 

By  Frederick  Daniel  Chattaway. 

Although  a  few  substances  obtained  by  the  direct  action  of  the 
halogens  on  simple  aliphatic  primary  aminés  were  among  the  earliest 
nitx'ogen  chlorides  and  bromides  to  be  prepared,  and  although  the 
quinonedichloroimides  derived  from  aromatic  diamines  hâve  long  been 
known  and  hâve  recently  received  important  industrial  applications, 
no  compounds  of  this  nature  hâve  hitherto  been  obtained  from  the 
aliphatic  diamines. 

The  aliphatic  diamines  themselves,  however,  and  the  diacyldiamines 
readily  yield  compounds  in  which  the  whole  of  the  hydrogen  attached 
to  nitrogen  is  replaced  by  halogen,  and  in  the  course  of  a  systematic 
investigation  of  compounds  of  this  type  on  which  the  author  is 
engaged,  a  number  of  derivatives  of  ethylenediamine  and  trimethylene- 
diamine  hâve  been  prepared.  The  most  noteworthy  compounds 
obtained  are  those  yielded  by  ethylenediamine  itself,  ethylenetetra- 
chlorodiamine,  ISICl/OHg'CHg'NClg,  and  ethylenetetrabromodiamine, 
NBr^'CHg'CHg'NBr.^,  which  approach  the  simple  halogen  derivatives 
of  nitrogen  more  nearly  in  composition  than  any  compounds  yet  known 
or  which  are  likely  to  be  prepared.  Both  are  stable  substances  ;  the 
former  is  a  limpid,  yellow  liquid  resembling  nitrogen  chloride  in 
colour,  pungent  odour,  and  explosibility,  the  latter  a  beautifully  cx'ys- 
talline,  orange-red  solid  which  is  also  extremely  explosive. 

EthylenetetracJdoroaiainodiamine,  NCl2'CH2'CH2'NClo. 

This  compound  was  prepared  by  dissolving  ethylenediamine  (1  mol.) 
in  50  per  cent,  acetic  acid  (6  mois.)  and  adding  this  liquid  slowly  to  a 
large  excess  of  a  cooled  saturated  solution  of  bleaching  powder.  The 
tetrachloroamine  then  separated  as  a  pale  yellow  liquid  and  was 
extracted  by  chloroform  ;  on  separating  the  chlorofoi'm  solution,  dry- 
ing  it  with  fused  calcium  chloride,  and  evaporating  olï  the  solvent  in  a 
current  of  air,  it  was  obtained  anhydrous  and  iu  a  pure  state. 

Ethylenetetrachlorodiamine  is  a  limpid,  bright  yellow  liquid,  which 
does  not  solidify  when  cooled  in  a  mixture  of  ice  and  sait  ;  it  décom- 
poses, sometimes  with  explosion,  when  heated  under  the  ordinary 
atmospheric  pressure,  but  can  be  distilled  unchanged  under  diminished 
pressure;  it  boils  at  116°  under  50  mm.  pressure.  Wheu  a  small 
quantity  contained  in  a  capillary  tube  is  placed  directly  in  a  flame,  it 
explodes  with  great  violence.   It  is  comparatively  stable  at  the  ordinary 
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température,  not  undergoing  any  appréciable  décomposition  when  kept 
for  some  weeks  in  a  dry  atmosphère. 

It  gives  ofE  a  very  pungent  and  irritating  vapour,  which  violently 
attacks  the  eyes  and  lias  a  peculiar  smell  very  chai-acteristic  of  the 
chloroamines  and  recalling  that  of  nitrogen  chloride  itself. 

This  compound  and  ail  others  described  in  the  paper  were  analysed 
by  dissolving  them  in  acetic  acid,  adding  to  the  solution  potassium 
iodide,  and  titrating  the  iodine  thus  liberated  with  standard  sodium 
thiosulphate. 

0-1767  liberated  1  =  71-5  ce.  JVIIOI.     Cl  (as  NC1)  =  71-72. 
CoH^N^Cl^  requires  Cl  (as  NC])  =  71-65  per  cent. 

Ethi/lenetetrabromodiamine,  NBrg'CHg'CHg'NBrg. 

A  solution  of  ebhylenediamine  in  the  e«]^uivalent  quantity  of  acetic 
acid  was  poured  into  a  considérable  excess  of  a  cooled  decinormal  solu- 
tion of  hypobromous  acid,  when  a  pale  yellow  solid  at  once  separated. 
Chloroform  was  then  added  and  the  whole  shaken  for  some  time,  but 
the  solid  only  partially  dissolved.  The  undissolved  portion  was 
filtered  ofE  and  dried  over  phosphoric  oxide  in  a  vacuum.  It  slowly 
evolved  bromine  at  the  ordinary  température,  and  could  not  be  recrys- 
tallised  from  any  solvent  without  décomposition  ;  it  appears  to  be  a 
bromine  additive  product  of  a  partially  substituted  ethylenediamine. 
As  its  composition  varied  with  the  manner  of  drying  and  the  length  of 
time  it  was  kept,  it  was  not  further  investigated. 

The  filtered  chloroform  solution,  on  drying  and  evaporating  off  the 
solvent,  deposited  the  ethylenetetrabromoamine  as  a  beautifully 
crystalline,  orange-coloured  solid.  When  crystallised  from  chloroform, 
in  which  it  is  easily  soluble,  it  separated  in  brilliant,  orange-red,  short, 
six-sided,  flattened  prisms  with  domed  ends. 

0-4084  liberated  I  =  86-8  ce.  ^Y/10  I.     Br  (as  NBr)  =  84-97. 
CgH^NgBr^  requires  Br  (as  NBr)  =  85-07  per  cent. 

It  melts  at  62°,  and  if  heated  a  few  degrees  higher  gives  off  gas,  and 
almost  at  once  explodes  with  a  very  violent  détonation.  It  remains 
unchanged  for  some  days  in  a  dry  atmosphère,  but  if  kept  for  several 
weeks  slowly  décomposes  giving  off  bromine  and  leaving  behind  a 
black,  tarry  mass. 

&-DiacetijIeth}jlenecUc]i  lorodiam  ine, 
CHg-CO-NOl-CHg-CHo-NCl-CO-CHa. 

s-Diacetylethylenediamine  was  dissolved  in  water  and  mixed  with 
an  excess  of  a  solution  of  hypochlorous  acid  made  by  dissolving  potass- 
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ium  hydrogen  carbouate  in  a  solution  of  sodium  hypochlorite.  The 
dichloroamine  produced,  being  soluble  in  water,  remained  dissolved,  and 
was  extracted  by  sbaking  tbe  solution  several  times  with  chloroform. 
After  separating  and  drying  the  chloroform  solution  with  calcium 
chloride,  the  solvant  was  driven  olï  in  a  current  of  air,  when  the 
dichloroamine  was  left  as  a  white,  crystalline  mass  ;  it  is  moderately 
soluble  in  chloroform,  very  sparingly  so  in  petroleum.  It  was 
dissolved  in  chloroform,  and  a  little  warm  petroleum  added,  when  it 
crystallised  in  short,  colourless,  transparent  prisms  terminated  by 
pyramids  (m.  p.  94°). 

0-2190  liberated  1-41  ce.  i\710  I.     Cl  as  N01  =  33-18. 

C^HioO^NoClg  requires  Cl  as  NCl  =  33-27  per  cent. 

It  is  a  comparatively  stable  substance,  but  décomposes  slightly, 
giving  oiï  chlorine,  when  kept  for  some  months,  even  in  a  dry  atmos- 
phère and  when  the  light  is  excluded. 

&'Diacetylethylenedibromodiamme, 
Cïïg-CO-NBr-CHo-CHo'NBr-CO-CHs. 

This  compound  wasprepared  and  crystallised  exactlyas  thecorrespond- 
ing  dichloroamine,  using,  however,  adecinormal  solution  of  hypobromous 
acidmadebyshakingprecipitatedmei'curic  oxide  suspended  in  water  with 
bromine  ;  it  crystallises  in  short,  transparent,  very  pale  yellow  prisms. 
On  heating,  it  reddens  and  melts  at  about  150  — 155°,  giving  o£f  bubbles 
of  gas,  and  almost  immediately  explodes. 

0-2418  liberated  1  =  31-9  ce.  iVVlO  I.     Br  as  NBr  =  52-74. 
CgHjQOgNgBrg  requires  Br  as  NBr=  52  94  per  cent. 

&-Di2:)ropionylethylenediamine,  Q.^^(^1S-'Q0'(^.^^.2- 

This  and  a  number  of  other  diacyl  derivatives  of  the  aliphatic  diamines 
not  previously  described  were  prepared  by  adding  the  diamine  cautiously 
to  the  calculated  quantity  of  the  corresponding  acid  anhydride  or  chloride 
dissolved  in  ether.  After  the  first  vigorous  action,  which  was  always 
accompanied  by  the  séparation  of  the  diacyl  derivative,  was  over  the 
product  was  warmed  on  the  water-bath  to  drive  off  the  ether  and  the 
residue  heated  for  a  short  time  with  an  aqueous  solution  of  the 
calculated  quantity  of  potassium  hydrogen  carbonate.  The  product 
was  then  recrystallised  from  a  suitable  solvent,  chloroform,  alcohol,  or 
glacial  acetic  acid  being  used  according  to  the  solubility  of  the 
compound. 

s-Dipropionylethylenediamine  crystallises  from  alcohol,  in  which  it  is 
easily  soluble,  in  small,  colourless  plates  (m.  p.  192°). 
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s-Dipropionylethylenedichlorodiamine, 
CHg-CH^-CO-NCl-CH^-CHg-NCl-CO'CHg-CHg. 

Tbis  compound  was  prepar-ed  by  shaking  a  solution  of  s-dipropionyl- 
ethylenediamine  in  chloroform  with  excess  of  a  solution  of  hypochlorous 
acid  and  treating  as  before  ;  it  was  obtained  as  a  pale  yellow,  limpid, 
highly  refractive  liquid  with  a  smell  resembling  hypochlorous  acid  ;  it 
showed  no  sign  of  crystallisation,  even  af ter  standing  in  a  vacuum  over 
phosphoric  oxide  for  several  weeks.  When  strongly  heated,  it  décom- 
poses almost  explosively. 

0-3244  liberated  1=53-7  ce  iV^/10  I.     Cl  as  NC1  =  29-34. 
CgHj402N2Cl2  requires  Cl  as  NC1  =  29-41  per  cent. 

^-Dipropionylethylenedibromodiamine, 
CÏÏ3'CH2-CO-NBr-CH2-CH2-NBr-CO'CH2-CH3. 

This  compound,  prepared  as  previously  described,  crystallises  in  trans- 
parent, slender,  flattened,  pale  yellow  prisms;  itmelts  at  112°  and  when 
moi-e  stroDgly  heated  décomposes  explosively  at  about  160°. 

0-2306  liberated  1  =  27-9  ce.  i\^/10  I.     Br  as  NBr  =  48-37. 
CgHj^O^NgBr^  requires  Br  as  NBr  =  48-44  per  cent. 

%-Diphenylacetylethylenediar)iine,  C^^Çï^H.'CO'Q'K.^'G^ï^ii  crystal- 
lises from  alcohol,  in  which  it  is  moderately  soluble,  in  large,  thin, 
glittering,  six-sided,  colourless  plates  (m.  p.  207°). 

a-Diphenylacetylethylenedichlorodiamine, 
C,H5-CH2-CO-NCl-CH2-CH,-NCl-CO-CH2-C6H5, 
prepared  as  previously  described,  is  obtained  as  a  viscid,  oily,  pale  yellow 
liquid  which  very  slowly  solidifies  ;  it  crystallises  from  a  mixture  of 
chloroform  and  light  petroleum  in  small,  colourless,  four-sided  plates 
which  melt  at  65°. 

0-3978  liberated  I  =  43*1  ce  i^VlO  I.     Cl  as  NCl  =  19-2. 

CjgH^sO^NgClg  requires  Cl  as  NCl  =  19-42  per  cent. 

s-Dij^henylacetylethylenedibromodiamine, 

C6H5-CH2-CO-NBr-CH2-CH2-NBr-CO-CH2-C6H5, 

crystallises  from  a  mixture  of  chloroform  and  peti'oleum  in  clusters  of 

transparent,  very  pale  yellow  plates;  it  melts  at  128°,  and  if  heated 

rapidly  above  this  température  explodes  at  about  150°. 

0-2272  liberated  I  =  19-8  ce  iV^/10  I.     Br  as  NBr  =  34-84. 
CjgH^gOgNgBrg  requires  Br  as  NBr  =  35-21  per  cent. 
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s-Dihenzoylethjlenedichlorodiamine, 
C^;H5-CO-NCl-(JH2-CH/]SrCl-CO-C6ll5. 

This  compound  was  pi^epared  by  slowly  adding  an  excess  of  a  solution 
of  bleaching  powder  to  a  well-cooled  solution  of  s-dibenzoylethylene- 
diamine  in  glacial  acetic  acid.  The  dichloroamine,  which  separated  at 
first  as  a  yellow,  viscid  liquid,  was  extracted  with  chloroform,  and  this 
solution  shaken  with  a  fresh  solution  of  hypoclilorous  acid  made  froni 
Ijotassium  hydrogen  carbonate  and  sodium  hypochlorite.  On  separating 
and  drying  the  solution,  and  driving  olî  the  chloroform  in  a  current 
of  air,  the  dichloroamine  was  left  as  a  beautifully  crystalline  solid. 
It  crystallises  from  chloroform,  in  which  it  is  sparingly  soluble,  in 
glittering,  transparent,  colourless,  four-sided,  rhombic  plates,  which  are 
apparently  flattened  rhombs.  It  melts  at  162°,  and  when  heated  a 
few  degrees  higher  décomposes,  giving  olî  bubbles  of  gas. 

0-3160  liberated  I  =  37-7  ce.  7^710  I.     Cl  as  NCl  =  2M4. 
CjqHj^O^N^CIo  requires  Cl  as  NCl  =  21 -03  per  cent. 

s-Dîbenzoylethi/lenedibromodiamine, 
C,H,-CO-NBr-CH2-CH2-NBr-CO-C,H,. 

This  compound  was  prepared  by  adding  a  solution  of  s-dibenzoyl- 
ethylenediamine  in  glacial  acetic  acid  to  a  well-cooled  solution  of 
hypobromous  acid.  The  solid  which  separated  wa?  dissolved  in  glacial 
acetic  acid  and  the  solution  again  added  to  well-cooled  hypobromous  acid 
solution.  The  dibromoamine  was  then  dried  and  recrystallised  from 
chloroform,  in  which  it  is  sparingly  soluble  ;  it  crystallises  in  small, 
brilliant,  transparent,  four-sided,  very  pale  yellow  plates.  When 
quickly  heated  at  about  180 — 182°,  it  melts  with  reddening  and 
décomposition,  but  the  meltiug  point  varies  with  the  time  taken  in 
heating,  as  décomposition  begins  before  the  compound  melts. 

0-3032  liberated  1  =  28-4  ce.  7^710  I.     Br  as  NBr  =  37-45. 
Cjgïïi^OoN.^Br^  requires  Br  as  NBr  =  37-53  per  cent. 

s-Di-m.-nitrohenzoylethylenediamine,  Q.^J^Y{.'Ç!,0'G^^''SO.^.,,  crys- 
tallises from  glacial  acetic  acid,  in  which  it  is  very  sparingly  soluble,  in 
small,  colourless  needles  with  a  faint  yellow  tint  (m.  p.  257°). 

s,-Di-m.-nitrohenzoyhthylenedichlorodiamine, 
/     ^CO-NCl-CHo-CH^'NCl-CO^     N 

This  and  the  other  dichloroamines  derived  from  diacyl  compounds 
only  sparingly  soluble  in  glacial  acetic   acid  were   prepared  by  rapidly 


386  CHATTAWAY:   NITROGEN   HALOGEN 

adding  bleaching-powder  solution  to  a  warm  solution  of  the  amide  in 
glacial  acetic  acid.  It  crystallises  from  chloroform,  in  which  it  is  very 
sparingly  soluble,  in  brilliant,  sniall,  transpai-ent,  colourless  plates  with 
a  slight  yellow  tint.  It  melts  at  173°,  and  onfurther  treating  remains 
apparently  unchanged  up  to  220°,  but  v/lien  heated  rapidly  in  a  flame 
décomposes  explosively. 

0-2236  liberated  1  =  20-8  ce.  iVVlO  I.     Cl  as  NC1=  16-49. 
C^gHjoOyN^Cl^  requires  Cl  as  NC1  =  16-6  per  cent. 

^-Di-'ç-nitrohenzoylethylenediainine,  C2H^(NH'CO-CgH^'N02)2,  crys- 
tallises from  glacial  acetic  acid,  in  which  it  is  sparingly  soluble,  in  pale 
yellow,  irregularly  grown  prisms  (m.  p.  254°). 

&-Di-'ç-nitrohenzoylethylenediçhlorodiamine, 
N"0,<^     ^CO-NCl-CH^-CH^-NCl-CQ/^     NnO^, 

is  very  sparingly  soluble  in  chloroform,  from  which  it  crystallises  in 
small,  colourless  plates  with  a  faint  yellow  tint  (m,  p.  207°).  When 
heated  more  strongly,  it  décomposes  with  évolution  of  gas  at  about  215°, 
and  explodes  when  rapidly  heated  in  a  flame. 

0-1325  liberated  1  =  12-4  ce.  iVyiO  I.     Cl  as  NCl-  16-59. 
C^gHjgOjjN^Clg  requires  Cl  as  NC1=  16-6  per  cent, 

&-Dihenzenesul2j]ionylethylenedichlorodiamine, 
CeH5-S02-NCl-CH2-CH2-NCl-S02-C6H5. 

This  compound  was  prepared  by  adding  bleaching-powder  solution 
to  a  solution  of  the  amide  in  glacial  acetic  acid,  extracting  with  chloro- 
form, and  treating  as  before  described  ;  it  crystallises  from  a  mixture 
of  chloroform  and  light  petroleum  in  clusters  of  slender,  colourless 
prisms.  It  melts  at  113°  and  ean  be  heated  to  200°  with  very  slight 
décomposition  ;  when  heated  strongly  in  a  flame,  it  décomposes 
explosively. 

0-2787  liberated  1  =  27-2  ce  NjlO  I.     Cl  as  N'Cl  =  17-3. 

Cj^Hj^O^lSTgCl^So  requires  Cl  as  NC1  =  17-32  percent. 

s-Dibenzenesulphonylethylenedibromodiamine, 
CoHj-SOo-NBr-CHj-CHg-NBr-SOg-CgH,, 

crystallises  from  a  mixture  of  chloroform  and  light  petroleum  in  clusters 
of  pale  yellow  prisms  (m.  p.  134°).  On  heating  above  this  température, 
it  décomposes,  reddening  and  evolving  gas  at  about  160 — 175°.  When 
heated  rapidly  in  a  flame,  it  explodes. 
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0-3667  liberated  1  =  29-4  ce.  .V/IO  I.     Br  as  NBr  =  32-05. 
01411^^04X2 Bi-oSg  requires  Br  as  NBr  =  32-l  per  cent. 

Di--ç4oluenesul'phonylethylenedichlorodlarnine, 


This  compound  is  moderately  easily  soluble  iu  chloroform,  and  crys- 
tallises  in  long,  colourless,  very  slender  prisms.  It  melts  at  136°  and 
can  be  heated  to  200°  with  no  apparent  change,  but  at  200 — 210°  it 
décomposes  rapidly  with  évolution  of  gas. 

0-3524  liberated  1  =  32-3  ce.  .V/10  I.     Cl  as  NG1=  16-24. 

CigHigO^NgClgS^  requires  Cl  as  NC1  =  16-21  per  cent, 

Di--p-toluenesulj)honi/lethyle7ied{bro)nod{amine, 
CHg/^     ^SO.-NBr-CHg-CHg-NBr-SO^/^     ^01^. 

This  compound  crystallises  extremely  well  in  clusters  of  pale  yellow, 
transparent,  glittering  plates  ;  it  melts  at  165°,  and,  on  heating  to 
about  170°,  it  reddens  and  begins  rapidly  to  décompose,  evolving 
bubbles  of  gas;  if  heated  rapidly  at  about  180°,  it  explodes. 

0-3087  liberated  I  =  23-4  ce.  ^jlO  I.     Br  as  NBr  =  30-31. 
CifiHjgO^NgBr^S^  requires  Br  as  NBr  =  30-39  per  cent. 

Di-vsx-nitrobenzenesidphonyletliylenediamine, 

C2H4(NH-SO,-C,H4-NO,)2, 
crystallises  from  glacial  acetic  acid  in  very  small,  colourless  plates  with 
a  faint  yellow  tint  and  melts  somewhat  indefinitely  at  189 — 191°. 

.T}i-n\-nitrobenzenesulphonylethylenedichlo)-odiamine, 
<^    ^SO./NCl-CH^-CH^'NCl-SO,/     N   . 

This  compound,  which  vvas  prepared  by  adding  bleaching-powder 
solution  in  excess  to  a  hot  solution  of  the  amide  in  glacial  acetic  acid, 
is  so  sparingly  soluble  in  chloroform  that  it  was  recrystallised  from 
glacial  acetic  acid,  in  which  it  is  moderately  soluble  ;  it  crystallises  in 
very  small,  short,  pale  yellow  prisms  (m.  p.  198°).  When  heated  to 
220°,  it  apparently  undergoes  little  décomposition,  the  melted  substance 
only  slightly  reddening  ;  it  explodes,  however,  when  heated  in  a 
flame. 

0-2820  liberated  I  =  22-4  ce  #/10  I.    Cl  as  NCl  =  14  08. 

^i4lIio08N4Cl2So  requires  Cl  as  NC1  =  14-26  per  cent. 
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Dibenzoyltrî'inethylenpAicldorodiamine, 
C,H,-C0-NC1-CH,-CH,-CH,-NC1-C0-C6H5. 

The  trimetliylene-dichlorodiamines  and -dibromodiamines  are  prepared 
as  easily  as  tliose  derived  f rom  ethylenediamine  and  by  similar  methods. 
Dibenzoyltrimethylenediclilorodiamine  is  easily  soluble  in  chloroform, 
and  crystallises  from  a  mixture  of  this  with  light  petroleum  in  brilliant, 
colonrless  plates  ;  it  melts  at  84°  and  décomposes  violently  when 
rapidly  heated  to  about  160°. 

0-3005  liberated  1  =  34-3  ce.  iY/10  I.    Cl  as  NC1  =  20-23. 

t'irHioO.^N^Cl^  reqiiires  Cl  as  NC1  =  2019  per  cent. 

Dihenzenesidphonyltrimetliylenediamiiie,  C3n^;(NH'SO.,"C(jHj;)o. 

I.'his  com^îound  crystallises  from  alcohol,  in  whicli  it  is  very  easily 
soluble,  in  long,  colourless  plates  (m.  p.  96°). 

Dibenz'inesulpltonyltrimethylenedichlorodiariiine, 
C3H,(NC1.S0,-C,H5),. 

This  compound  is  easily  soluble  in  chloroform  ;  it  crystallises  from 
this  solvent  mixed  with  light  petroleum  in  small,  transparent,  colour- 
less plates  (m.  p.  134°). 

0-2668  liberated  1  =  25-3  ce.  NjXO  I.   Cl  as  NC1  =  16-81. 

Cj5HjqO^NoC1oS2  requires  Cl  as  NCl  =  16-75  per  cent. 

Other  diamines,  for  example,  pentamethylenediamine,  and  their  acyl 
derivatives  yield  similarly  chloroamino-  and  bromoamino-derivatives. 
Thèse  resemble  in  gênerai  properties  the  compounds  previously 
described,  but  hâve  not  been  yet  obtained  in  a  well-crystallised  form, 
probably  on  account  of  the  diamines  used  not  being  perfectly  pure,  for 
it  has  been  noted  with  ail  other  classes  of  substituted  nitrogen 
chlorides  and  bromides  that  the  difficulty  of  obtaining  a  crystalline 
product  is  very  greatly  inci-eased  by  quite  an  insignificant  amount  of 
impurity. 

St.  Bartiiolomew'.s  Hospital  and  Collège. 
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XLYIII. — Transformations  of  Highlij  Suhstituted  Nitro- 
aminoJjenzenes. 

By  Kennedy  Jo.'=eph  Pkevité  Orton  and  Alice  Emily  Smitii. 

A  CHARACTERiSTic  property  of  the  nitroamines  of  the  aromatic  .séries 
— the  nitroamines  derived  from  the  anilines — is  their  ready  change 
into  the  isomeric  nitroanilines,  the  nitro-group  wandering  from  the 
amino-group  to  one  of  the  carbon  atoms  in  the  nuclevis.  In  this 
change,  the  nitro-group  always  becomes  attached  to  a  carbon  atom 
which  is  either  ortho-  or  para-  with  respect  to  the  amino-group,  and 
ne  ver  to  the  carbon  atoms,  which  are  in  the  meta-position  relative  to 
this  group  (Bamberger  and  others,  Ber.,  1893,  26,  471,  485  ;  1894, 
27,  584;  1895,  28,  401).  The  2  : 4 : 6-trisubstituted  nitroamino- 
benzenes,  in  which  both  the  ortho-  and  para-positions  relative  to  the 
amino-group  are  occupied  by  atoms  or  groups  other  than  hydrogen, 
hâve  as  yet  been  little  studied  ;  they  were  first  obtained  by  one  of  us 
(Trans.,  1902,  81,  490)  by  the  carefully  regulated  action  of  nitric  acid 
ou  s-trisubstituted  anilines  dissolved  in  acctic  acid.  l-Nitroamino- 
2  :  4  :  6-trichloro-  and  l-nitroamino-2  :  4  :  6-tribromo-benzenes  were 
thus  prepared.  Later  (Trans.,  1902,  81,  806),  it  was  found  that  thèse 
and  analogously  constituted  anilines  could  be  practically  quantitatively 
converted  into  nitroamines  by  treatment  of  their  solutions  in  acetic 
acid  with  nitric  acid  and  acetic  anhydride. 

Since  the  ortho-  and  para-positions  are  occupied  in  thèse  nitroamines, 
it  is  no  longer  possible  for  thèse  compounds  to  change  into  isomeric 
nitroanilines.  It  was  found,  however,  that  a  transformation  did  take 
place,  the  products  varying  according  to  the  nature  of  the  groups  or 
atoms  attached  to  the  carbon  atoms  in  thèse  positions.  Thus,  when 
bromine  was  in  the  para-position  relative  to  the  nitroamino-group,  it 
was  displaced  by  the  nitro-group,  a  suhstituted  jj-nitroaniline  being 
formed,  thus  : 

NH-NO.,  NH., 


Br/    \Br  Br,/    ^Br 

\/  "^  \/ 

Br  NO, 

Although  chlorine  is  also  similarly  capable  of  being  replaced  by  the 
nitro-group,  such  a  change  does  not  occur  vinder  the  same  conditions  of 
température,  &c.,  as  in  the  case  of  bromine. 

The  transformation    of    the    nitroaminobenzenes  into    nitroanilines 
VOL.   LXXXVII.  E    E 
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ouly  occurs  in  acid  solution  *  and  may  be  in  many  cases  easily  brought 
about  by  keeping  for  several  hours  a  solution  of  the  nitroamine  in  acetic 
acid  to  whicli  a  f  ew  drops  of  concentrated  sulphuric  acid  hâve  been  added. 
If  a  higber  concentration  of  sulphuric  acid  is  used,  the  change  can  be 
eïïected  in  a  few  minutes. 

When  solutions  of  nitroamines  in  glacial  acetic  acid  are  treated 
Avith  sulphuric  acid,  a  characteristic  indigo,  magenta,  or  purple  colora- 
tion is  developed.  This  coloration  is  observed  with  nitroamines  of 
very  varying  constitution,  both  with  s-trisubstituted  and  with  less 
highly  substituted  nitroaminobenzenes.  ïhe  products,  however,  ob- 
tained  on  diluting  thèse  solutions  with  ice  are  very  différent  in  the 
two  cases.  If  one  of  the  ortho-positions  or  the  para-position  is  un- 
occupied,  as  in  2  : 4-dichloronitroaminobenzene  or  in  2 : 6-dibromo- 
nitroaminobenzene,  a  yellow  precipitate  of  the  isomeric  nitroanilines 
is  formed  on  dilution.  But  if  the  ortho-  and  the  para-positions  are 
occupied,  a  red  solid  is  obtained  which  may  contain  a  substituted 
^j-nitroaniline  in  the  case  of  anilines  in  which  the  para-position  relative 
to  the  nitroamino-group  is  occupied  by  bromine,  for  example,  s-tx'i- 
bromoaniline  ;  in  the  case  of  such  a  nitroamine  as  that  derived  from 
s-trichloroaniline,  no  nitroaniline  is  présent. 

It  is  the  object  of  this  investigation  to  throw  light  on  the  nature 
of  thèse  red  solids,  and,  if  possible,  on  the  mechanism  of  the  reaction 
in  which  they  and  the  nitroanilines  are  formed.  Since  the  décom- 
position of  1-nitroamino-s-trichlorobenzene  is  not  complicated  by  the 
replacement  of  the  j^-chlorine  atom  by  the  nitro-group,  this  substance 
bas  been  chosen  for  a  detailed  study. 

With  proper  précautions,  the  treatment  of  the  nitroamino-s-tri- 
chlorobenzene  leads  to  the  formation  of  the  red  solid,  s-trichloro- 
benzenediazonium  salts,  and  ammonia,  No  chlorine  is  eliminated  in 
the  reaction  if  the  température  is  not  allowed  to  rise  above  15°.  The 
red  solid  has  been  found  to  be  s-trichlorophenyliminotrichlorohenzo- 
qidnone  (hexachloi'oquinoneanil), 

_C1         C1_C1 

^   Cl         01 

since  when  heated  with  sulphuric  acid  it  is  decomposed  quantitatively 
into  s-trichloroaniline  and  trichloroquinone. 

It  will  be  noted  that  in  the  formation  of  this  compound  from  the 
nitroamine,  in  which  the  three  chlorine  atoms  are  symmetincally  placed, 

*  In  alkaline  sohition,  the  nitroamines  are  présent  as  salts,  which  are  probably 
derivatives  of  an  irainonitronic  acid,  R'NrNO'OH.  When  set  free  from  its  salts, 
this  acid  changes  into  the  isomeric  nitroamine,  the  \//--acid. 
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one  of  the  chlorine  atoms  lias  changée!  its  point  of  attachment  to  a 
neighbouring  carbon  atom. 

The  iminoquinone  can  be  reduced  to  the  corresponding  hexachloro- 
hijdroxydiphenylam  me, 

_C1  Cl^Cl 

Cl  Cl 

which  in  benzène  solution  can  be  again  oxidised  to  the  iminoquinone  by 
mercuric  oxide. 

The  phenyliminoquinone,  which  represents  about  30  per  cent,  of  the 
nitroamine,  and  the  ammonia  are  formed  in  molecular  proportions, 
the  remainder  of  the  nitroamine  being  converted  into  diazonium 
sait. 

The  hexachlorophenyliminoquinone  does  not  dissolve  in  sulphuric 
acid  with  the  indigo  or  magenta  coloration  of  the  nitroamine  from 
which  it  is  formed  ;  its  solution  is  x^ather  of  a  red  or  reddish-brown 
colour  with  no  trace  of  blue  tint.  Moreover,  other  nitroamines,  which 
are  capable  of  passing  into  isomeric  nitroanilines,  also  'give  solutions 
in  sulphuric  acid  having  a  magenta  or  purple  colour,  whilst  the  corre- 
sponding nitroanilines  with  sulphuric  acid  yield  colourless,  insoluble 
sulphates  and  pale  yellow  solutions.  It  would  seem,  therefore,  probable 
that  analogous  substances  were  présent  in  the  sulphuric  acid  solution 
of  both  classes  of  nitroamines.  In  one  case,  on  adding  water^  the 
nitroanilines  are  formed,  and  in  the  other,  where  the  production  of  the 
nitroaniline  is  only  possible  by  replacement  of  halogen  by  the  nitro- 
group,  the  phenyliminoquinone  is  the  final  pi-oduct. 

It  was  previously  suggested  that  an  iminoquinone  was  this  inter- 
mediary  stage,  and  was  présent  as  a  sait  in  the  coloured  acid  solution  ; 
thus,  the  conversion  of  l-nitroamino-2  : 6-dibromobenzene  into  2  :  6-di- 
bromo-4-nitroaniline  niay  be  represented  as  follows  : 

NH-NO,  NH(HS04)  NH. 

Br/^Br  _^  Br/^^Br  __^  Br^^^Br 

\/ 


H     NO. 

The  isolation  of  the  phenyliminoquinone  from  the  coloured  acid 
solution  is  in  harmony  with  this  suggestion.  Further,  the  transference 
of  the  chlorine  atom  from  its  original  position  in  the  nitroamine  to 
the  neighbouring  carbon  atom  tinds  analogy  in  the  reactions  of  other 
quinone  derivatives.  Thus,  Kastle  {Amer.  Chem.  J.,  1902,  27,  31)  has 
observed  the  transformation  of  s-tribromophenol  bi'omide  into  tetra- 

E  E  2 
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broraophenol,    a,nd    Auwers   {Ber.,    1902,  35,   455)   lias  descvibed   the 
conversion  of  cyclic  nitroketones  into  nitrophonols. 

The  following  observations  may  be  cited  as  bearing  on  this  point. 
In  the  oxidation  of  2  : 6-dibromo-^>phenylenediamine  by  bromine  in 
ethereal  solution,  Jackson  and  Calhane  {Amer.  Cliem.  J.,  1904,  31,  209) 
hâve  obtained  highly  coloured  (green)  salts  of  a  dibromo-base,  which 
they  believe  to  be  a  dibromoquinonedi-imine.  Schmidt  and  Saager 
[Ber.,  1904,  37,  1679)  hâve  also  prepared  by  oxidation  of  tolylenedi- 
amine  the  violet  hydrochloride  of  a  base  which  is  thought  to  be 
toluquinoneimine.  Willstatter  {Ber.,  1904,  37,  1494),  on  the  other 
hand,  has  described  a  quinoneimine  and  a  quinonedi-imine  (prepared 
from  jo-aminophenol  and  |j-phenylenediamine  respectively)  which  are 
colourless  and  form  colourless  salts.  The  highly  coloured  substances 
may  not  be  simple  iminoquinones,  but  nearly  related  compounds, 
possibly  analogous  to  the  intensely  coloured  quinhydrones. 

The  phenyliminoquinone  cannot  be  obtained  from  s-trichloroaniline 
and  trichloroquinone  under  the  conditions  in  which  it  is  produced  from 
the  niti'oamine,  nor  from  the  nitroamine  and  the  trichloroquinone. 
Thèse  facts  again  suggest  that  either  the  nitroamine  or  the  aniline 
produced  from  the  nitroamine  by  hydrolysis  reacts  with  an  imino- 
quinone  formed  in  the  manner  suggested. 

Bamberger  {Ber.,  1902,  35,  3697)  has  recorded  a  number  of  colour 
reactions  given  by  chloro-  and  bromo-anilines  when  their  solutions  in 
concentrated  sulphuric  acid  are  treated  with  a  drop  of  nitric  acid  or  of 
a  sodium  nitrite  solution.  Thèse  colours  closely  resemble  those  given 
by  the  nitroamines  in  sulphuric  acid  solution.  We  hâve  found  that 
the  purple  solutions  thus  obtained  from  s-trichloroaniline  yielded,  when 
poured  on  to  ice,  a  red  solid,  which  resembled  very  closely  that  obtained 
from  the  nitroamine.  The  mother  liquor  contained  a  diazonium  sait, 
ammonia,  and  a  considérable  amount  of  chloride.  The  red  solid, 
however,  did  not  appear  to  be  homogeneous,  although  it  had  the 
gênerai  properties  of  a  phenyliminoquinone,  and  when  treated  with 
sulphuric  acid  yielded  s-trichloroaniline. 

The  study  of  other  similarly  constituted  nitroaminobenzenes  is  being 
continued. 

Expérimental. 

Préparation  of  \-Nitroamino-1  :  4  :  ^-trichlorohenzene, 
NH-NO., 


CI/   \ci 


Cl 

This  substance  is  readily  prepared  in  quantity  from  s-tiichloroanil- 
ine.     Fifty  grams  of  the  substituted  aniline  are  dissolved  in  450  ce.  of 
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glacial  acetic  acid,  and  36 — 40  ce.  of  nitric  acid  (90 — 95  per  cent.), 
which  lias  been  carefuUy  freed  from  nitrous  acid  by  addition  of  solid 
urea  nitrate,*  added.  The  solution  is  then  cooled  to  about  12^  and  30  ce. 
of  acetic  anhydride  slowly  added.  The  solid  triehloroaniline  nitrate 
which  has  separated  gradually  dissolves,  the  liquid  assuming  a  pale 
red  colour.  The  mixture  is  now  poured  on  to  600  grams  of  ico  and 
water,  when  a  copions  bulî  precipitate  of  the  nitroamine  appears.  Tlie 
solid  is  colleeted,  washed  with  water,  and  dissolved  in  a  solution  of 
sodium  carbonate  in  order  to  remove  a  very  small  quantity  of  an 
insoluble  red  substance.  The  nitroamine  is  again  preeipitated  with 
hydrochloric  acid,  washed,  and  dried  at  a  low  température.  This  nitro- 
amine is  stable  and  can  be  easily  kept  without  any  spécial  précautions, 
but  in  time  it  becomes  faintly  coloured  and  smells  slightly  of  nitrous 
fumes. 

Interaction  of  \-Nitroamino-2  :  4  :  Q-trlchlorohenzene  ivith  Sulphuric 
Acid. — This  nitroamine  dissolves  as  do  other  highly  substituted  nitro- 
aminobenzenes  in  eoncentrated  sulphurie  acid,  giving  a  purple  or  violet 
solution,  which,  in  the  présence  of  a  small  quantity  of  water,  assumes  a 
magenta  tint.  If  the  solution  is  allowed  to  become  warm,  or  water 
added,  and  eonsequently  beat  developed,  the  colour  entirely  disappears. 
"When  the  coloured  solution  in  sulphurie  acid  is  poured  on  to  iee,  a  red 
solid  is  preeipitated  which  is,  however,  not  homogeneous,  but  probably 
a  mixture  of  chlorophenyliminoquinones.  The  liquid  contains  mainly 
a  diazonium  sait,  but  at  the  same  time  both  chloride  and  ammonia  are 
présent.  The  solution,  whieh  has  been  rendered  colourless  by  heating, 
yields  on  dilution  with  water  a  solid  product  in  whieh  chloroanil  and 
s-trichloroaniline  can  be  recognised  ;  both  chloride  and  ammonia  are 
présent  in  the  aqueous  liquor. 

Préparation  of  &-Trichlorophenyliminotrichlorohenzoquinone, 
_C1  Cl_Cl 

<_>-<:>^o- 

Cl  Cl 

When  the  action  of  sulphurie  acid  on  the  nitroaminotrichlorobenzene 
is  moderated  by  dilution  with  acetic  aeid,  a  single  produet, 
s-trichlorophenyliminotrichlorobenzoquinone,  can  be  isolated. 

Two  grams  of  the  nitroamine  are  dissolved  in  40  ce.  of  glacial  acetic 
acid  (it  is  essential  that  the  acetic  acid  should  not  contain  more  than 
1 — 2  per  cent,  of  water),  and  a  solution  of  20  ce.  of  eoncentrated 
sulphurie  aeid  in  20  ce   of  glacial  acetic  acid  is   slowly  added  ;  the 

*  The  addition  of  urea  nitrate  forms  a  very  convenieut  method  of  removing  tlie 
last  traces  of  nitrous  acid  without  materially  diluting  the  uitric  acid  ;  a  small  fjuan- 
tity  of  ammonium  nitrate  remains  in  the  nitric  acid. 
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température  is  so  regulated  that  the  acetic  acid  begins  to  solidify,  A 
deep  indigo  coloration  develops,  but  if  water  is  présent  in  the  sulphuric 
or  acetic  acid  only  a  red  or  magenta  coloration  is  seen.  Any 
évolution  of  nitrous  fumes  points  to  a  too  rapid  addition  of  sulphuric 
acid.  The  mixture  is  now  allowed  to  stand  for  twenty  minutes,  and 
then  poured  on  to  ice,  when  the  colour  disappears  and  a  red  solid  is 
precipitated.  ïhis  solid  consists  mainly  of  the  iminoquinone  mixed 
with  a  varying  amount  of  unchanged  nitroamine,  which  is  removed  by 
extraction  with  dilute  sodium  carbonate  solution.  The  red  solid  is 
washed  and  dried,  and  purified  by  recrystallisation  from  dilute  acétone, 
or,  better,  from  petroleum  (b.  p.  80 — 100°).  From  the  former  solvent 
it  séparâtes  in  bronze-red,  flattened  needles,  and  from  the  latter  in  deep 
red  prisms  melting  at  143°.  It  sublimes  at  225 — 240°  under  40  mm. 
pressure.  It  dissolves  vex-y  readily  in  chloroform,  benzène,  or  acétone, 
is  fairly  soluble  in  acetic  acid,  and  sparingly  in  alcohol  or  petroleum  ; 
from  the  latter,  it  crystallises  exceedingly  well.  On  analysis,  the 
following  numbers  were  obtained  : 

0-1250  gave  0-1697  COg  and  0-0132  H2O.     C  =  37-02;  H- M. 
0-1514    „      0-2020  CO2    „    0-0168  HgO.     0  =  36-39  ;  H=  1-23. 
0-241       „      8-2  ce.  of  moist  nitrogenat  20°and  773  mm.  ^  =  3-92. 
0-1748    „     0-3855  AgOl.     01  =  54-52. 

0-186 dissolved  in  8-8  gramsof  benzène  gave  A«  =  0-266°.  M.  W.  =  389. 
OjoHgONOls  requires  0  =  36-93;    H  =  0-78;   N  =  3-6;  and  01  =  54-54 
per  cent.,  M.  W.  =  389-77. 


Récognition  of  other  Products  of  Decomjwsitio)!  of  the  Nitroamine. 

The  diazonium  sait  could  be  easily  recognised  in  the  acid  filfcrate 
obtained  in  the  préparation  of  this  red  solid  either  by  coupling  with 
/S-naphthol  or  by  warming  with  alcohol  ;  in  the  latter  case,  s-trichloro- 
benzene,  melting  at  65°,  crystallised  out.  The  amount  of  the  diazo- 
compound  was  estimated  by  slowly  adding  an  aliquot  part  of  the 
filtrate  to  a  cooled  10  per  cent,  solution  of  sodium  hydroxide,  the 
latter  being  in  sufficient  amount  to  neuti-alise  the  acid  ;  no  precipitate 
is  formed  in  this  process.  A  solution  of  ^-naphthol  in  a  few  ce.  of 
sodium  hydroxide  is  then  introduced,  and  the  alkalinity  diminished  by 
carbon  dioxide.  The  orange  precipitate  is  collected  and  washed  with 
water  and  alcohol. 
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s-  TrichlorobenzeneazO'13-naphihol, 
N^-CioHe-OH 

\./ 
Cl 

This  substance,  which  was  also  pi^epared  from  s-trichlorobenzene- 
diazonium  hydrogen  sulphate  and  ^-naphthol,  crystallised  from  glacial 
acetic  acid  in  scarlet  needles  melting  at  145 — 146'^. 

0-209  gave  14-8  ce.  moist  nitrogen  at  15°  and  755  mm.     N  =  8-24. 
C^gHgOIS'gClg  requires  N  =  7"9  per  cent. 

The  amount  of  azo-derivative  found  corresponded  to  aboat  55 — 60 
per  cent,  of  the  nitroamine  decomposed. 

The  ammonia  was  estimated  in  the  filtrate  from  the  coupled 
product.  The  liquid  was  acidified  and  evaporated  to  dryness  ;  the 
ammonia  was  then  distilled  ofï  and  estimated.  One  molecular  pro- 
portion of  ammonia  was  found  for  each  gram-molecule  of  phenyl- 
iminoquinone. 

Décomposition  of  the  Hexachlorophenyliminoquinone  ivith  iSulpImric 
Acid. — The  phenyliminoquinone  dissolves  in  sulphuric  acid  to  a  reddish- 
brown  solution.  On  adding  water,  without  cooling,  the  colour  is 
partly  discharged,  and  on  adding  more  water  golden-yellow  crystals  at 
first  and  later  colourless  needles  separate.  On  diluting  the  sulphui'ic 
acid  solution  with  acetic  acid  or  alcohol,  the  colour  is  also  discharged, 
but  no  crystals  appear. 

One  gram  of  the  quinone  is  dissolved  in  15  ce.  of  sulphuric  acid  and 
30  ce.  of  water  gi'adually  added  ;  on  cooling  the  hot  liquid,  yellow 
crystals  separated.  The  whole  of  the  solid  when  precipitated  by  water 
weighed  0'92  gram  ;  it  was  treated  with  cold  alcohol,  which  left  a 
residue  of  small,  yellow  plates  weighing  0-4  gram.  From  the  alcoholic 
extract,  colourless  needles  were  precipitated  by  water,  weighing  0'44 
gi'am  ;  they  melted  at  76°,  the  melting  point  of  s-trichloroaniline,  and 
did  not  lower  the  melting  point  of  this  substance.  When  acetylated 
with  acetyl  chloride  in  acetic  acid  solution,  they  gave  s-trichloro- 
aeetanilide,  melting  at  202°. 

The  golden-yellow  plates  melted  at  157 — 158°,  and  after  two 
crystallisations  from  hot  alcohol,  constantly  at  163°.  This  substance 
was  soluble  in  and  decomposed  by  sodium  hydroxide.  An  estimation 
of  the  chlorine  gave  the  following  numbers  : 

0-1136  gave  0-2299  AgCl.     Cl- 50-04. 

Trichloroquinone,  CgHOgClg,  requires  50-32  per  cent. 
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A  spécimen  of  trichloroquinone  was  prepared  by  oxidising  phénol 
with  potassium  chlorate  and  hydrochloric  acid,  and  freed  from 
chloranil  by  conversion  into  the  corresponding  quinol  (Knapp  and 
Schultz,  Annalen,  1881,  210,  174).  A  mixture  of  the  two  spécimens 
melted  at  163—164°. 

Attempts  to  prépare  this  quinone  directly  from  the  nitroamine  by 
prolonged  treatment  of  the  solution  in  glacial  acetic  acid  with 
sulphuric  acid,  or  by  heating  the  material  in  acetic  acid  solution  with 
sulphuric  acid,  gave,  besides  s-trichloroaniline,  a  mixture  of  quinones, 
from  which  tetrachloroquinone,  chloranil,  could  always  be  isolated. 
s-Trichlorobenzene  was  also  detected,  produced  probably  by  the 
décomposition  of  s-trichlorobenzenediazonium  sait.  At  the  same  time, 
chlorine  was  always  found  in  the  mother  liquors. 

Réduction  of  the  Trichlorojihenyliminotrichlorohenzoquinone.    s-TricIdoro- 
2)henyl-2  :  3  :  ^-tricJdoro-^-hydroxypJienyJamine. 

Cl  q_ci 

Cl<^~N-NH-^     ^-OH. 
"Cl  CT" 

The  hexachlorophenyliminobenzoquinone  (2  grams)  was  dissolved  in 
acétone  and  an  equal  weight  of  zinc  dust  added.  Glacial  acetic  acid 
was  run  in  drop  by  drop  until  the  solution  became  colourless.  After 
filtering  and  adding  water,  a  colourless  solid  separated,  which  was 
recrystallised  from  petroleum  (b.  p.  80 — 100°).  It  forms  long,  silky, 
white  needles  melting  at  186°  ;  it  is  very  soluble  in  benzène,  chloroform, 
ether,  or  acétone,  but  less  so  in  alcohol.  It  dissolves  in  aqueous  and 
more  readily  in  alcoholic  alkali  hydroxides. 

01464  gave  0-1950  COo  and  0-0240  H.-jO.     C  =  36-33;  H  =1-82. 
01521     „     0-2020  CO^"    „     0021     Kp.     C  =  3623  ;  H  =  1-52. 
0-2516     „     8-2  c.c.of  moistnitrogenatl3-5°and775mm.    ISr  =  3-89. 
0  1797     „     0-3906  AgCl.     Cl  =  53-76. 
0-1729     „     0-3771  AgCl.     Cl  =  53-92. 
C^2TT50NCl^requiresC  =  36-75  ;  H  =  1  -29  ;  N  =  3-58;  Cl  =  54-27  per  cent. 

The  diphenylamine  derivative  could  be  readily  oxidised  in  benzène 
solution  by  mercuric  oxide  to  the  original  hexachlorophenylimino- 
quinone  (m.  p.  143°). 

Benzoyl  Derivative. — The  diphenylamine  derivative  (0-5  gram)  was 
dissolved  in  3  ce.  of  pyridine  and  excess  (0-25  ce.)  of  benzoyl  chloride 
added  ;  after  24  hours,  the  liquid  was  poured  into  dilute  sulphuric  acid 
and  the  solid  which  separated  washed  successively  with  water,  aqueous 
sodium  carbonate,  and  alcohol.     From  alcohol,  it  crystallises  in  small, 
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lustrous  prisms  melting  at  169°.     It  was  insoluble  in  aqueous  sodium 
hydroxide,  and  analysis  showed  that  it  was  a  monobenzoyl  derivative. 

0094  gave  0  1627  AgCl.     CI  =  42-80. 

CigHgOoNCl^  requires  Cl  =  42-90  per  cent. 

Comparison  of  the  Behaviour  of  l-iVitroamino-s-tric/dorobe)izene  on  Treat- 
ment  loith  Sulphuric  Acid  with  that  of  \-Nitroamino-2  : 6-dibromo- 
and  \-Nitroamino-2  :  i-dichloro-benzene. 

\-Xitroamino-2  : 6-dibromohenzene, 


Br/     \Br 


l-Niti'oamino-2  : 6-dibromobenzene  can  be  readily  prepared  from 
2  :  6-dibromoaniline  in  the  same  manner  as  the  s-trichloro-derivative, 
and  thus  offers  a  marked  contrast  to  the  2  : 4-dichloro-derivative 
(compai-e  Trans.,  1902,  81,  812).  It  ci-ystallises  from  water  in  long 
needles  melting  at  108°  and  becoming  coloured  at  110°  ;  it  resembles 
the  s-trihalogen  derivatives  very  closely. 

0  2012  gave  0-2572  AgBr.     Br  =  54'43. 

C,3H^02N2Br2  requires  Br  =  54-58  per  cent. 

When  a  solution  of  this  nitroamine  (0-5  gram)  in  glacial  acetic  acid 
(10  ce.)  was  treated  with  a  solution  of  sulphuric  acid  (5  ce.)  in  acetic 
acid  (5  ce),  a  magenta  coloration  appeared.  On  pouring  this  mixture 
on  to  ice,  a  yellow  precipitate  was  formed,  which  weighed  about 
0-4  gram  and  was  nearly  pure  2  : 6-dibromo-4-nitroaniline.  The 
filtrate  contained  no  bromide,  but  coupled  with  ^-naphthol  ;  diazonium 
sait  was  therefore  présent,  but  only  in  very  small  amount. 

When  l-nitroamino-2  : 4-dichlorobenzene  was  treated  in  the  same 
manner,  the  isomeric  nitroaniline,  2-nitro-4  :  6-dichloroaniline,  was  the 
main  product,  a  very  small  amount  of  diazonium  sait  being  formed  at 
the  same  time.  Tn  the  case  of  both  the  nitroamines  above  men- 
tioned,  there  was  no  indication  of  the  présence  of  a  phenyliminoquinone 
as  one  of  the  products  of  the  reaction. 

The  authors  wish  to  express  their  indebtedness  to  the  Chemical 
Society  for  the  grant  from  the  Research  Fund,  which  bas  partly  defrayed 
the  expenses  of  this  investigation. 

Ukiversity  Collège  of  North  Wales, 
Bangor. 
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XLIX. — The    Constituents     of    Gamhier    and    Acacia 

Catechus.     II. 

By  Arthur  George  Perkin,  F.R.S. 

The  question  as  to  the  identity  of  the  catechins  which  exist  in  acacia 
and  gambier  catechus  bas  long  remained  uncertain,  but  in  a  récent 
communication  (Trans.,  1902,  81,  1160)  strong  évidence  was  given  to 
sbow  that  althougb  the  gênerai  reactions  of  thèse  substances  are  the 
same,  they  are,  however,  distinct  compounds.  It  was  found,  for  instance, 
that  air-dried  acacia  catechin  lias  the  formula  C^gH^^OgjSHgO  and  melts 
at  203 — 205°,  whereas  gambier  catechu  contains  two  catechins,  namely, 
Ci.^Hi40^,4HoO  (m.  p.  175—177°)  and  G^^YL^^O^I  (anhydrous),  melt- 
ing  at  235 — 237°.  Thèse  distinctions  were  further  enhanced  by  an 
observation  of  the  melting  points  of  certain  of  their  derivatives.  In 
a  later  investigation  by  Clauser  {Ber.,  1903,  36,  101)  on  this  subject, 
no  référence  is  made  to  the  above-mentioned  work,  and  bis  results 
suggest  that  thore  is  but  one  catechin,  and  that  this,  according  to 
the  amount  of  water  of  crystallisation  which  is  présent,  exists  in  three 
well-defined  modifications.  The  catechin  he  employed  was  obtained 
from  gambier  catechu  (Wurfel  catechu),  and  to  this  substance  when 
dried  in  the  air  he  assigned  the  formula  Çj^^^jO^^,i^^O,  in  agreement 
with  the  results  previously  described  {loc.  cit.)  and  with  those  of 
Kostanecki  and  Tambor  {Ber.,  1902,  35,  1867).  This  compound 
melts  at  96°,  and  when  dried  over  sulphuric  acid  loses  3HoO  and 
melts  at  176°;  finally,  on  drying  at  100°,  it  is  obtained  in  the 
anhydrous  condition  and  melts  at  210°.  The  first  two  of  thèse  results 
do  not  require  comment,  for  it  is  a  common  expérience  that  air-dried 
gambier  catechin  which  bas  been  crystallised  from  water  will  liquefy 
icL  the  steam  oven,  and,  again,  the  melting  point  (176°)  for  the  com- 
pound Gy^^^O^^H^O  coïncides  with  that  found  for  the  anhydrous 
substance,  The  statement,  however,  that  in  the  latter  condition 
gambier  catechin  melts  at  210°  was  difficult  to  understand,  and 
especially  so  as  this  was  near  to  the  melting  point,  203 — 205°,  of 
acacia  catechin,  and  was  suggestive  in  this  respect.  In  the  présent 
communication,  thèse  points  are  discussed  and  further  compounds 
derived  from  both  catechins  are  described.  For  a  plentiful  supply  of 
acacia  catechu  (kath),  I  am  indebted  to  the  authorities  of  the  Impérial 
Institute. 

Expérimental. 

Experiment  corroborated  the   work   of   Clauser   in   that   air-dried 
gambier  catechin,  Cj5Hj^O^,4Il20,  melts  at  96°,  and  that  this,   after 
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standing  over  sulphuric  acid,  bas  the  formula  Ci-Hj^O^jHgO  (found, 
HoO  =  5-72  per  cent.)  and  melts  at  175 — 177°.  It  was  found,  how- 
ever,  that  when  dried  at  100°  the  substance  still  melted  at  175 — 177° 
as  previously  stated,  in  tbat  at  tbis  température  tbe  colourless  crystals 
bad  congealed  togetber  to  form  viscous  globules.  To  be  certain  tbat 
tbe  compound  at  tbis  température  was  fused,  a  small  quantity  was 
beated  in  a  test-tube  under  similar  conditions,  and  on  inserting  a  glass 
rod  tbere  could  be  no  doubt  tbat  tbe  product  bad  a  treacly  consistency. 
On  furtber  beating,  tbe  substance  underwent  no  apparent  altération 
until  about  205°,  wben  décomposition  ensued  witb  tbe  usual  frotbing, 
and  it  is  évident  tbat  it  was  tbis  action  wbicb  Clauser  regarded  as  tbe 
true  melting  point  of  tbe  gambier  catecbin. 

Air-dried  acacia  catecbin,  Cj5H^^O^,3H20,  on  tbe  otber  band,  sintered 
at  about  140°,  resolidiiied  as  tbe  température  rose,  and  finally  melted 
witb  décomposition  at  203 — 205°. 

As  previously  observed,  tbe  anbydrous  substance  melts  at  203 — 205°. 
To  avoid  confusion,  tbe  term  Âcacatechin  will  now  be  applied  to  tbe 
latter  substance,  and  tbe  name  Catechin  retained  for  tbat  occurring 
in  gambier,  for  tbe  latter  product  is  better  known  and  more  largely 
employed  tban  tbe  otber  variety. 

As  an  acetylacacatecbin  bad  not  been  previously  obtained,  it  was 
interesting  to  prépare  sucb  a  compound  in  order  to  compare  it  witb 
tbe  acetylcatecbin  first  described  by  Liebermann  and  Taucbert  [Ber., 
1880,  30,  964)  and  subsequently  examined  by  Kostanecki  and  Tambor 
{Ber.,  1902,  35,  1867).  In  tbis  case,  acetylation  by  tbe  ordinary 
process  is  not  satisfactory,  but  tbe  pjTidine  metbod  gives  good  results 
wben  2  grams  of  substance,  30  grams  of  pyridine,  and  10  grams  of 
acetyl  cbloride  are  employed.  Tbe  product  was  treated  witb  water 
and  tbe  viscous  residue  crystallised  two  or  tbree  times  from  a  mixture 
of  acétone  and  alcobol. 

Found,  C  =  60-32,  59-99;  and  H  =  4-42,  4-72. 

^i^^p&{'^^^P)ô  requires  C  =  60-00  ;  H  =  4-80  per  cent. 

It  formed  colourless  needles  melting  at  158 — 160°,  sparingly 
soluble  in  alcobol.  Tbe  percentage  of  acetyl  groups  was  determined 
by  tbe  etbyl  acétate  metbod  (Trans.,  1905,  87,  107). 

Found,  acetic  acid  =  60-18.     Tbeory  for  5  acetyls  requires  60  per  cent. 

It  was  tberefore  a  2)^nta-acetyl  derivative. 

Tbe  acetylcatecbin  first  described  by  Liebermann  and  Taucbert  and 
referred  to  above  melts  at  124 — 125°,  and  altbougb  tbese  autbors  do 
not  state  tbe  source  of  tbeir  product  it  would  appear  to  be  gambier 
catecbin.  To  be  certain  on  tbe  point,  a  quantity  of  tbis  substance  was 
acetylated  by  tbe  pyridine  metbod,  and  tbe  product  was  found  to  possess 
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identical  properties  to  the  compound  described  by  thèse  authors. 
Found,  acetic  acid  =  60'24  per  cent.  Penta-acetylacacatechin  is,  there- 
fore,  not  identical  with  acetyl  catechin. 

The  methylation  of  acacatechin  was  now  studied,  and  to  prépare 
this  a  solution  of  the  substance  in  methyl  alcohol  was  treated  in  the 
usual  way  with  molecular  proportions  of  methyl  sulphate  and  potass- 
ium hydroxide  until  a  colour  change  was  no  longer  produced  in  the 
liquid  by  the  action  of  the  latter.  Addition  of  water  caused  the 
séparation  of  a  colourless  precipitate,  which  was  collected,  washed 
with  dilute  alkali,  and  drained  on  tile  ;  this  product  was  first  crystal- 
lised  two  or  three  times  from  alcohol,  by  which  a  more  soluble 
substance  was  removed,  and  finally  from  acétone  until  the  melting 
point  was  constant. 

Found,  0  =  66-03,  65-81;  H  =  5-95,  6-57;  OCHg^  34-87  percent. 
Ci5HioOo(OCH3)4requires  C  =  65-89  i  H  =  6-36  ;  OCH3  =  35-83  per  cent. 

Acacatechin  tetramethyl  etlnr  forms  colourless  needles  melting  at 
152 — 154°,  sparingly  soluble  in  cold  alcohol,  insoluble  in  aqueous 
alkaline  solutions  ;  it  crystallises  from  alcohol  in  prisms  which  contain 
alcohol  of  crystallisation,  and  as  this  is  somewhat  troublesome  to 
remove  completely  the  purification  of  the  compound  by  means  of 
acétone  is  préférable.  When  a  solution  of  this  compound  in  acetic 
acid  is  treated  with  a  few  drops  of  nitric  acid,  a  deep  indigo-blue 
coloration  is  produced,  which  is  permanent  for  several  hours.  The 
more  soluble  product  of  the  methylation  above  referred  to  was  not 
critically  examined,  but  it  seems  probable  that  this  may  contain  the 
acacatechin  pentamethyl  ether. 

To  be  certain  that  the  tetramethyl  derivàtive  contains  a  free 
hydroxyl  group,  it  was  digested  with  acetic  anhydride  and  sodium 
acétate  in  the  usual  manner.  The  colourless  product  of  the  reaction 
was  purified  by  crystallisation  from  alcohol. 

Found,  G  =  64-83;  H  =  6-44. 
Q^^'Kf>.J^Q.^fi){00'K^^  requires  0  =  64-94;  H  =  6-18  per  cent. 

3Ionacetylacacatechin  tetramethyl  ether  séparâtes  in  long  needles 
which  melt  at  135 — 137°  and  are  sparingly  soluble  in  alcohol. 

According  to  Kostanecki  and  Tambor  {loc.  cit.),  catechin  tetramethyl 
ether  melts  at  142 — 143°  and  its  acetyl  compound  at  92 — 93°,  tempéra- 
tures which  are  considerably  lower  than  those  exhibited  by  the  aca- 
catechin derivatives.  For  purposes  of  comparison,  a  small  quantity  of 
Kostanecki  and  Tambor' s  compound  was  prepared,  and  this,  on  repeated 
crystallisation  from  acétone,  melted  at  144 — 146°,  or  slightly  higher  than 
is  stated  by  thèse  authors.  In  other  respects,  this  substance  closely 
resembled  the  acacatechin  derivàtive,  and,  it  is  interesting  to  note, 
gives  with  nitric  and  acetic  acids  the  same  indigo-blue  liquid. 
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It  is,  however,  évident  tliat  tlie  tetramethyl  etliers  of  catecliin  and 
acacatecliin  are  distinct  substances. 

Oxidation  with  Potassium  Permanganate. — Acacatechin  tetramethyl 
ether,  made  into  a  thin  cream  with  water,  was  heated  on  the  water- 
bath  and  treated  with  a  strong  solution  of  the  permanganate  in  small 
quantities  at  a  time  until  the  red  colour  of  the  supernatant  liquid 
remained  permanent,  the  opération  requiring  about  two  hours.  The 
excess  of  permanganate  was  then  destroyed  with  sodium  sulphite,  the 
mixture  iiltered  by  means  of  the  pump,  and  the  residue  well  washed 
with  boiling  water.  The  colourless  filtrate  was  neutralised  with  acid 
and  extracted  with  ether,  and  the  extract  evaporated.  The  crystallino 
residue  consisted  chiefly  of  an  acid,  but  a  small  quantity  of  a  phenolic 
substance  was  also  présent,  and  thèse  were  separated  with  sodium 
hydrogen  carbonate  in  the  usual  manner.  The  acid  crystallised  from 
water  in  colourless  needles  melting  at  178 — 180°. 

Found,  C  =  59-32  ;  H- 5-48  per  cent. 

Q^B^^{0Q13..,)^'C0M  requires  C  =  59-34  ;  H  =  5-49  per  cent. 

It  had  ail  the  properties  of  veratric  acid,  and  this  was  interesting, 
as  it  clearly  proves  that  in  acacatechin  the  catechol  hydroxyls  exist  in 
the  free  condition. 

The  phenolic  product  of  the  oxidation  was  obtained  as  a  colourless, 
semicrystalline  mass,  but  in  too  small  quantity  to  be  identified  with 
certainty.  Its  alkaline  solution,  when  treated  with  diazobenzene 
chloride,  gave  an  orange-yellow  precipitate,  suggesting  that  the  original 
substance  was  pldorocjlucinol  dimethyl  ether,  because  had  phloroglucinol 
monomethyl  ether  been  présent,  an  orange-red  diazobenzene  derivative 
would  hâve  been  pi'oduced.  Attempts  to  prépare  larger  quantities 
of  this  compound  hâve  been  unsuccessful,  and  it  is  therefore  probably 
itself  somewhat  susceptible  to  oxidation  by  permanganate.  For  pur- 
poses  of  comparison,  catechin  tetramethyl  ether  was  treated  in  a 
similar  manner,  with  the  resuit  that  it  also  yielded  veratric  acid  and 
pMoroghiclnol  dimethyl  ether. 

The  action  of  chromic  acid  on  both  compounds  was  also  studied,  but 
in  this  case  only  veratric  acid  could  be  isolated. 

It  bas  been  shown  by  Kraut  and  Delden  [Ânnalen,  1863,  28,  290) 
andby  Etti  {Annalen,  1877,  186,  332)  that  catechin  yields,  by  treating 
its  solution  with  acids  and  by  other  methods,  four  distinct  amorphous 
products  which  are  termed  "  anhydrides."  To  thèse  reddish-brown 
substances,  the  following  respective  formulée  hâve  been  given  : 
Cg^H^gOg,  C^gHg^Ojs,  CgiHjgOy,  and  C^gHgQOjg,  and  the  first  or  most 
soluble  is  said  to  be  identical  with  catechutannic  acid,  which  exists  in 
the  plant  side  by  side  with  the  catechin.  The  f ourth  anhydride,  named 
"  katechuretin,"  is  insoluble  in  ail   solvents  and  is  not   dissolved  by 
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alkaline  solutions,  and  it  appeared  interesting  to  prépare  from  both 
catechins  such  a  compound  in  case  some  further  distinction  between 
thèse  two  substances  would  be  thus  detected.  An  anhydride  of  this 
nature,  but  apparently  distinct  in  composition  from  those  enumerated 
above,  is  readily  foi-med  from  acacatecliin  by  the  action  of  hydrochloric 
acid  in  the  présence  of  acetic  acid,  but  a  more  rapid  method  consists  in 
adding  a  few  drops  of  sulphuric  acid  to  the  boiling  liquid.  A  bright 
orange-red  powder  almost  immediately  séparâtes,  and  this  is  collected 
at  the  pump,  well  drained  from  the  dark-coloured  mother  liquor, 
washed  with  acetic  acid,  and  finally  several  times  with  boiling  alcohol. 
On  drying  at  100°,  the  product  became  duller  in  colour. 

(At  160°)  Found,  C  =  63'26;  H  =  3-89  per  cent. 

This  compound  does  not  possess  a  melting  point.  Dried  at  100°,  it 
retains  alcohol  or  water  with  remarkable  tenacity,  and  prolonged  heat- 
ing  at  160°  is  necessary  to  obtain  it  in  the  anhydrous  condition. 

Catechin  reacts  in  an  identical  manner  with  hydrochloric  or  sulphuric 
acid  in  the  présence  of  acetic  acid.  The  spécimen  analysed  was  pre- 
pared  with  hydrochloric  acid. 

(At  160°)  Found,  C  =  63-33;  H  =  3-94  per  cent. 

This  substance  has  similar  properties  to  the  acacatechin  product,  and 
as  the  percentage  compositions  of  both  are  practically  identical,  they 
mày  in  fact  consist  of  one  and  the  same  substance.  It  would  be  useless 
to  speculate  on  the  probable  formulœ  of  thèse  "anhydrides/'  for  their 
insoluble  nature  and  gênerai  properties  indicate  that  they  possess  a 
high  molecular  weight  ;  moreover,  their  bright  orange-red  colour 
and  the  fact  that  during  their  préparation  dark  soluble  products 
are  always  formed  suggest  that  the  reaction  is  a  complicated  one,  and 
not  to  be  regarded  as  the  effect  of  the  mère  withdrawal  of  water.  The 
above  analyses  are  not  in  accord  with  those  given  by  Kraut  and 
Delden,  who  obtained  their  substance  by  passing  hydrochloric  acid  into 
an  alcoholic  solution  of  catechin,  or  with  those  of  Etti,  who  employed 
hydrochloric  acid  in  a  sealed  tube  at  160 — 180°.  That  the  foregoing 
compound  is  a  pure  product  seems  certain,  and  it  appears  to  be 
characteristic  of  the  catechins,  for  the  closely  allied  cyanomaclurin  by 
a  similar  method  gives  an  orange-red  insoluble  anhydride  of  almost 
identical  composition. 

Found,  C  =  63-48  ;  H  =  3-94  per  cent. 

Oxidation  vnlh  Potassntm  Ferricyanide. — As  is  well  known,  catechin 
is  not  to  be  regarded  as  a  dyestuiï,  and  the  tinctorial  effects  derived 
from  it  are  assumed  to  be  due  to  a  substance  named  japonic  acid, 
produced  by  the  oxidation  of  catechin  or  catechutannic  acid  during  the 


GAMBIER    AND    ACACIA   CATECHUS.      II.  403 

dyeing  opération  (Hummel  and  Brown,  J.  Soc.  Chevi.  lud..  1896,  15, 
422).  This  substance  is  only  known  in  the  form  of  the  lake,  con- 
taining  both  copper  and  chromium  as  produced  on  the  fibre,  although 
Schiitzenberger  and  Rack  {Bull.  Soc.  chivi.,  1865,  [ii],  4,  5)  obtained  a 
dark-coloured  insoluble  compound,  Cg^H^^O^o,  by  boiling  a  catechin 
solution  with  potassium  dichromate,  which  is  no  doubt  related  to  this 
product. 

If  a  cold  aqueous  solution  of  either  catechin  or  acacatechin  (5  grams) 
is  treated  with  potassium  feiricyanide  (10  grams)  no  reaction  takes 
place,  but  if  an  alkali  acétate  (10  grams)  is  then  added  to  the 
mixture  an  orange-coloured  precipitate  is  quickly  deposited.  After 
standing  for  half  an  hour,  the  product  was  coUected  and  washed  with 
water,  and  in  this  condition  closely  resembled  an  alizarin  paste.  It 
was  drained  on  porous  tile  and  allowed  to  dry  at  the  ordinary 
température,  for  at  100°  in  the  wet  condition  it  congealed  to  résinons 
lumps,  although  when  air-dried  it  is  unaiïected  at  this  température. 
Thus  obtained,  it  forms  an  orange-red  powder,  easily  soluble  in  hot 
alcohol,  and  is  dissolved  by  alkaline  solutions  with  an  orange-brown 
coloration.  Alcoholic  potassium  acétate  gives  an  amorphous,  reddish- 
brown  potassium  sait.  Unfortunately,  up  to  the  présent  ail  attempts 
to  crystallise  or  to  obtain  crystalline  derivatives  from  this  substance 
hâve  been  unsuccessful.  Its  chief  interest,  however,  lies  in  the  fact 
that  it  is  a  new  colouring  matter,  for  it  dyes  mordanted  calico,  prefer- 
ably  in  the  présence  of  chalk  or  calcium  acétate,  orange-brown 
shades  which  are  fairly  fast  to  soap.  It  was  at  first  considered 
possible  that  this  substance  consisted  of  the  japonic  acid  above  referred 
to  in  the  free  state,  but  attempts  to  produce  the  shade  given  by  the 
latter  ou  fabrics  mordanted  Avith  copper  and  chromium  did  not  give 
the  expected  resuit,  as  the  colour  was  not  only  of  a  poorer  character, 
but  it  possessed  a  much  more  orange  tint.  It  seems  more  probable, 
therefore,  that  this  dyestuff  is  related  to  the  catechone  of  Kostanecki 
and  Tambor  {loc.  cit.),  which  they  obtained  in  the  form  of  its  trimethyl 
ether,  CjgH^gO-.,  by  oxidising  catechin  tetramethyl  ether  with  chromic 
acid  in  the  présence  of  acetic  acid,  and  which  crystallises  in  orange- 
coloured  needles.  As  methylation  by  means  of  methyl  sulphate  did 
not,  however,  yield  a  product  susceptible  of  crystallisation,  this  could 
not  be  decided,  but  the  matter  is  reserved  for  f urther  study. 

Experiments  with  catechutannic  acid  showed  that  in  this  respect 
it  behaves  in  an  analogous  manner  to  catechin  and  acacatechin, 
although  in  this  case  the  oxidation  product  is  of  a  more  sparingly 
soluble  nature. 

Solutions  of  the  catechins  in  aqueous  potassium  or  sodium  hydroxide 
rapidly  darken  when  exposed  to  air,  owing  to  oxidation.  When,  how- 
ever, they  are  suspended  in  water   through  which  a  current  of  carbon 
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dioxide  is  passing,  and  excess  of  alkali  is  added,  the  solution  remains 
colourless,  and  if  the  passage  of  the  gas  is  then  continued  erystals 
of  unaltered  catechin  or  acacatechin  thus  separate. 

Acacatechin  tetramethyl  ether  is  but  slowly  attacked  when  heated 
with  alcoholic  potash  at  180°.  Thus,  after  two  hours  at  this  tempéra- 
ture, a  considérable  quantity  was  recovered  possessing  the  correct 
melting  point,  and  in  this  respect  it  therefore  differs  considerably 
from  the  ethers  of  the  flavone  and  flavanol  class. 

During  this  work,  the  possibility  suggested  itself  that  acacatechin 
might  be  represented  as  C^^H^oO^,  but  this  cannot  be  the  case,  as  after 
long  exposure  at  160°  its  percentage  composition  was  unaltered 
(found,  C  =  62'05;  H  =  4-94).  There  can  therefore  be  no  longer  any 
doubt,  in  view  of  the  numerous  results  to  this  elïect,  that  the  formulai 
of  acacatechin  and  catechin  are  identical. 


Summary  of  Results. 

That  catechin  and  acacatechin  are  distinct  substances  is  at  once 
évident    on    comparing   the   melting    points    of    their   corresponding 

derivatives. 

*Penta-acetylcateehin    ...  124— 125°  *Catechhi  tetramethyl  etlier  144—146° 

Penta-acetylacacatecliin  158—160      Acacatechin  tetramethyl  ether..  152 — 154 

Pentabenzoylcateehiu  ...  151—153  *Acet}'lcatechin  tetramethyl  ether      92—93 

Pentabenzoylacacatechin  181—183      Acetylacacatechin  tetram'etliyl 

ether    135—137 

Azobeiizenecatechin 193—195      Acetylazobenzenecatechin 253—255 

Azobenzeneacacatecliin .  198—200      Acetylazobenzeneacacatechin  ....  227—229 

*  Kostanecki  and  Tambor,  loc.  cit. 

On  the  other  hand,  as  previously  discussed,  the  two  catechins  are  so 
similar  in  their  behaviour  with  the  ordinary  reagents  that  no  doubt 
can  be  entertained  as  to  their  intimate  relationship. 

The  formation  of  veratric  acid  and  phloroglucinol  dimethyl  ether  by 
the  oxidation  of  the  catechin  tetramethyl  ethers  has  determined  the 
position  in  each  case  of  four  of  the  five  necessary  hydroxyls,  but 
further  information  is  required  before  it  will  be  possible  to  ascertain 
with  certainty  the  constitution  of  thèse  compounds.  In  the  former 
communication,  it  was  suggested  as  likely  that  catechin  or  acacatechin 
might  be  regarded  as  a  réduction  product  of  quercetin,  thus  : 

O  OH 


OH/    Y      ÇH /       ^OH, 

i^'\^CH-OH    ^— ^ 
OH  CH2 

and  on    this  assumption  the  isomerism  existing   between   thèse  two 
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compounds  could  be  explained  by  an  altération  in  the  position  of  the 
alcoholic  group, 

0 


OH 


OH  CH(OH) 

for  this  rearrangement  should  hâve  but  little  effect  on  the  properties  of 
the  compound. 

It  was  previously  pointed  out  that  the  pi-operty  of  giving  the  phloro- 
glucinol  reaction  so  characteristic  of  the  catechins  is  not  possessed  by 
the  corresponding  flavone  derivatives,  and  it  appeared  necessary  that  in 
order  to  be  capable  of  this  efïect  ail  three  hydroxyls  of  the  nucleus 
must  exist  in  the  free  condition.  Adopting  this  view,  catechin  might 
be  regarded  as  a  reduced  chalkone  derivative  : 

oh/Noh  ^^ 


l      LcO-CH^-CH,-^     ^OH  ; 


OH 

but  it  is  more  probable  that  the  effect  produced  is  due  in  the  first 
place  to  a  hydrolysis  by  the  acid,  by  which  means  the  third  phloro- 
glucinol  hydroxyl  is  liberated. 

Experiments  were  carried  out  in  the  hope  of  isolating  a  sufficient 
quantity  of  the  catechin  of  higher  melting  point  (235 — 237^^)  for 
complète  characterisation.  The  results,  possibly  due  to  the  substance 
employed,  hâve  been  disappointing,  and  but  little  over  a  gram  of  this 
substance  could  be  obtained,  but  a  further  search  is  in  progress  which, 
it  is  anticipated,  will  give  larger  amounts  of  this  somewhat  rare 
material. 

Clothworkees'  Research  Laboeatory, 
The  Uxiversitt, 
Leeds. 


L. — Préparation    and    Properties     of    1  :  4  :  5~Tri- 
methylglyoxaline. 

By  HooPER  Albert  Dickinson  Jowett. 

In  previous  papers  on  the   constitution  of  pilocarpine  (Trans.,   1903, 
83,    438),  it    was  shown   that  this   alkaloid  must   be   regarded  as  a 
glyoxaline  derivative,  and,  furthermore,  that  the  lower  members  of 
VOL.    LXXXVII.  F   F 
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the  séries,  for  example,   1  :  4-  (or  1  :  5-)   and   1  :  2-dimethylglyoxalines, 

did  net  possess  the  physiological  action  of  pilocarpine.     It  was  tliere- 

fore    thought    désirable    to    attempt    the    préparation    of    glyoxalines 

containing   acidic  groups  analogous  to   the    homopilopic    complex    in 

pilocarpine  by  condensing  a  suitable  bromoglyoxaline  with  substances 

such  as  ethyl  sodiomalonate.     ïhe  only  bromo-derivative  of  glyoxalines 

f  ^,     ^        R'-C-N(CHA  ^.  ,   ,       ^ 

or  the  type  tt.J-I  Cr^QH  wbich  has  been  prepared  is  a  dibromo- 

dimethylglyoxaline  (Jowett  and  Potter,  Trans.,  1903,  83,  466),  mono- 
bromo-deinvatives  not  having  been  obtained.  It  niay  be  noted  that 
only  the  dibromo-derivatives  of  pilocarpine  and  isopilocarpine  hâve 
been  prepared.     The  only  monobromoglyoxalines  available  would  thus 

appear  to  be  of  the  type      ,  M     .        ^^CEr,  which,  if  condensed  with 

aliphatic  sodium  derivatives,  would  yield  bases  differing,  however,  from 
pilocarpine  in  the  point  of  attachment  of  the  acidic  complex.  It  was 
decided  to  attempt  the  préparation  of  2-bromo-l  :  4 : 5-trimethyl- 
glyoxaline  as  the  most  suitable  substance  for  the  purpose  of  con- 
densation. 

1  :  4  :  b-Trimethylglyoxaline  was  prepared  from  4  :  5-dimethylglyoxa- 
line,  which  had  previously  been  obtained  by  Klinne  (Ber.,  1895,  28, 
2039).  It  is  a  crystalline  base,  yielding  a  séries  of  crystalline  salts, 
which  were  prepared  and  characterised.  On  bromination,  the  desired 
monohromotrimethylglyoxaline  was  obtained.  It  is  a  ci-ystalline  base 
forming  crystalline  salts  which  hâve  been  prepared  and  characterised. 
In  this  respect,  it  diiïers  from  dibromopilocarpine  and  dibromoîso- 
pilocarpine,  which  possess  only  feeble  basic  properties  (Trans,,  1901,  79, 
586).  Although  the  required  bromoglyoxaline  has  been  obtained,  the 
yield,  unfortunately,  was  so  small  that  it  was  not  considered  practic- 
able  to  prépare  sufficient  material  for  the  experiments  above  men- 
tioned.  The  amount  of  bromotrimethylglyoxaline  obtained  from  one 
kilogram  of  methyl  ethyl  ketone  under  the  best  conditions  was  only 
two  to  three  grams.  Ail  attempts  to  improve  this  yield  having 
failed,  it  is  intended  to  attack  the  problem  from  another  standpoint. 


Expérimental, 

1  •A:b-Triraethylglyoxaline,  pri  .U ^^C!H. 

4 : 5-Dimethyîglyoxaline  was  prepared  from  the  corresponding 
mercaptan  by  treatment  with  nitric  acid,  the  mercaptan  being  obtained 
from  methyl  ethyl  ketone  according  to  the  method  described  by  Kiinne 
(loc.  cit.).     Despite  numerous   experiments,    the   maximum   yield   of 
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pure  base  was  only  4  par  cent,  of  the  ketone  taken.  The  base 
distilled  at  165^  under  10  mm.  pressure  and  meltecl  at  IIT*^,  this 
being  tlie  température  given  by  Kiinne.  The  nitrate,  after  recrys- 
tallisation  until  the  melting  point  was  constant,  formed  colourless, 
acicular  crystals  which  fused  at  180°  with  effervescence,  Kiinne  gave 
the  melting  point  as  164°. 

Dimethylglyoxcdine  picrate  crystallises  in  bi'illiant  yellow  needles, 
which,  after  purification  by  recrystallisation  £rom  hot  water  and 
drying  at  110°,  melt  at  196 — 197°.  The  picrates  of  the  glyoxalines 
afford  one  of  the  easiest  methods  of  identification  of  thèse  bases,  as 
they  are  readily  formed,  crystallise  witli  facility,  and  hâve  well 
defined  melting  points. 

Trimethylghjoxaline  is  besb  preparedby  the  action  of  sodium  methyl- 
sulphate  on  the  sodium  derivative  of  dimethylglyoxaline,  accordiog  to 
Titherley's  gênerai  method  (Trans.,  1901,  79,  401).  In  conducting 
this  opération,  it  was  found  necessary,  in  order  to  obtain  the  best 
yield,  to  work  with  not  more  than  5  grams  of  glyoxaline  at  a  time, 
and  to  expose  as  large  a  surface  as  possible  of  the  mixed  sodium  salts 
to  the  action  of  beat.  Even  under  the  best  conditions,  the  yield  of 
trimethylglyoxaline  was  only  32  per  cent,  of  the  dimethylglyoxaline 
taken.  The  crude  product,  obtained  by  extracting  the  sodium  salts 
with  ether  and  removing  the  ether  by  distillation,  was  fractionated 
under  20  mm.  pressure,  when  the  greater  portion  distilled  at  115 — 120^, 
a  little  unchanged  dimethylglyoxaline  being  recovered  from  the  higher 
fractions.  On  reJistillation,  the  greater  portion  boiled  at  117°  under 
20  mm.  pressure  and  solidified  in  the  receiver  to  a  mass  of  long, 
acicular  crystals.  Thèse  were  drained  on  porous  earthenware  and 
then  dried  in  a  vacuum  over  sulpburic  acid.  The  crystals  melt  at  46° 
and  are  soluble  in  ail  proportions  in  water,  alcohol,  or  ether.  On 
exposure  to  the  air  for  only  a  few  seconds  they  absorb  moisture  and 
liquefy. 

0-1386  gave  0-3340  CO2  and  0-1132  HgO.     0  =  65-7;  H=9-l. 
00972     „     21-6  ce.  nitrogen  at  18°  and  761  mm.     N  =  25-2. 
C^H^glSTg  requires  0  =  65-5  ;  H  =  9*1  ;  N  =  25-4  per  cent. 

The  base  has  the  characteristic  odour  of  the  glyoxalines  previously 
described. 

Attempts  to  prépare  the  base  by  the  action  of  dimethyl  sulphate 
on  dimethylglyoxaline  were  unsuccessful. 

Trimethylglyoxaline  nitrate,  CgHjQN^jHISIOg.H^O,  sepai-ates  from  its 
aqueous  solution  in  long,  acicular  crystals  which,  after  purifiication  by 
recrystallisation,  melt  at  46°.  It  is  readily  soluble  in  water  or 
alcohol,  but  insoluble  in  ether.  When  ciystallised  from  alcoholic 
solution  by  the  addition   of   ether,  the  crystals  melt   indefinitely   at 

!•■   F   -1 
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from  50*^  to  70°,  owing  to  partial  dehydration.  Owiug  to  the  lovv 
melting  point  of  the  hydrate,  the  water  of  crystallisation  could  not  be 
determined  by  the  ordinary  methods.  On  analysis,  the  sait  (m.  p.  46°) 
gave  the  following  resuit  : 

0-149  gave  0-210  CO2  and  0-0962  HgO.     C  =  38-4  ;  H  =  7-2. 
CgHioN2,HX03,H20  requires  C  =  37-7  ;  H  =  6-8  per  cent. 

Trimethylglyoxaline  hydrochloride,  CgH^oNg.HCljHgO,  séparâtes  from 
its  aqueous  solution  in  long,  acicular  crystals  which,  when  dried  in  the 
air,  nielt  indefinitely  at  about  80°,  but  after  drying  either  in  a  desic- 
cator  over  sulphuric  acid  or  at  110°,  the  crystals  melt  sharply  at  199°. 
The  crystals  are  freely  sokible  in  water  or  alcohol,  but  insoluble  in  ether, 

0-225  air  dried  sait  lost  0-025  at  110°.     H.p^  IM. 
0-20  anhydrous  sait  gave  0-1954  AgCl.     Cl  =  24-2. 
CeHioîf2>HCl,H20  requires  H2O  =  10-9. 
CgHjQlSro,HCl  requires  Cl  =  24-2  per  cent. 

The  aurichloride  formed  yellow,  acicular  crystals  which,  after  drying 
at  110°,  meltedat  202°. 

0-122  gave  0-0536  Au.     Au  =  43-9. 

C^HjoNojHAuCl^  requires  Au  =  43-8  per  cent. 

The  jjlatinichloride  slowly  separated  from  its  aqueous  solution  as 
yellow  crystals  which,  after  drying  at  110°,  melted  at  224—225°. 

0-0926  gave  0-0288  Pt.     Pt  =  31-1. 

(CgHioN2)o,H^PtCl6  requires  Pt  =  31-0  per  cent. 

The  2)icfate  formed  yellow,  acicular  crystals  which,  after  recrystalli- 
sation  from  hot  water  and  drying  at  110°,  melted  at  218°. 

The  methiodide  was  prepared  by  adding  methyl  iodide  to  the  base, 
when  a  violent  reaction  occurred  and  the  mixture  at  once  solidified. 
The  crystals  were  recrystallised  from  alcoholic  solution  by  the  addi- 
tion of  ether,  and  separated  in  long  needles  readily  soluble  in  water  or 
alcohol,  insoluble  in  ether,  and,  after  drying  at  110°,  melted  at  158°. 

0-189  gave  0-176  Agi.    1  =  50-3. 

CyH^QN2'^'H3l  requires  1  =  504  per  cent. 

r<XT  •P'iJ/PTT  '\ 

l-Bromo- 1  :  4  :  ^-trimethjlylyoxaline,    ^^  M __-fT^^-^'*- 

CMg'C  rs 

Preliminary  experiments  proved  that  this  substance  could  not  be 
prepared  by  methods  analogous  to  those  employed  in  the  case  of  1:4- 
(or  1  : 5-)  dimethylglyoxaline  and  pilocarpiae.  It  was  ultimately  ob- 
tained  by  the  following  method. 
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Trimethylglyoxaline  (2'8  grams)  was  dissolved  in  about  10  ce.  of 
carbon  disulphide,  and  to  the  solution  4-1  grams  of  bromine  in  10 
ce.  of  carbon  disulphide  were  gradually  added.  Considérable  beat 
was  evolved  and  the  mixture  was  kept  cool.  After  a  certain  quantity 
of  bromine  had  been  added,  a  crystalline  solid,  presumably  the  hydro- 
bromide  of  the  base,  began  to  separate,  and  this  was  dissolved  by  the 
addition  of  a  little  alcohol  to  the  mixture.  The  solvent  was  then 
removed  by  distillation,  the  residue  dissolved  in  water,  excess  of 
potassium  carbonate  added,  and  the  alkaline  liquid  extracted  several 
times  with  ether.  The  ethereal  solution  was  then  washed  and  dried, 
and,  after  distillation,  left  a  residue  which  was  crystallised  from  hot 
water.  The  best  yield  of  crystalline  product  obtained  was  22  per  cent. 
of  the  base  taken. 

Bromotrimethylghjoxaline,  CgHgN2Br,2H20,  crystallises  from  hot 
water  in  long,  silky  needles,  which,  when  dried  in  the  air,  melt  at  49^, 
but  after  drying  in  a  desiccator  over  sulphuric  acid  fuse  at  83°.  It  is 
readily  soluble  in  hot  water,  alcohol,  or  ether,  but  sparingly  so  in 
cold  water.  Its  aqueous  solution  is  feebly  alkaline,  but  the  base  dis- 
solves readily  in  acids  forming  salts.  It  bas  a  characteristic  powerful 
narcotic  odour. 

0-2880  air-dried  lost  00480  in  a  vacuum  over  H.SO^.     HoO  =  16-6. 
CgH.-,N'oBr,2H20  requires  HoO  =  16-0  per  cent. 

The  dried  base  (m.  p.  83°)  was  analysed  with  the  foUowing  resuit  : 

00844  gave  0-0841  AgBr.     Br  =  42-4. 

CgHfjN.^Br  requires  Br  =  42-3  per  cent. 

Tlie  hjdi'obromide  crystallises  in  hard  cubes  which  are  soluble  in 
water  or  alcohol,  but  insoluble  in  ether.  When  dried  at  110°,  the 
crystals  melt  at  208°. 

0-1139  gave  0-1565  AgBr.     Br  =  58-5. 

CgHyNgBrjïïBr  requires  Br  =  59-2  per  cent. 

The  aurichloride  formed  yellow,  acicular  crystals  which  were 
sparingly  soluble  in  cold  water,  but  more  fresly  in  the  hot  solvent. 
After  drying  at  110°,  the  crystals  melted  at  191°. 

01874  gave  0-0698  Au.     Au  =  37-2. 

CgHgN2Br,HAuCl4  requires  Au  =  37"2  per  cent. 

The  picrate  formed  yellow,  acicular  ci-y^tals,  which,  after  recrystal- 
lisation  from  hot  water  and  di-ying  at  110°,  melted  at  173°. 

TiiE  Wellcome  Chemical  Reseauch  Laboratokies, 
LONDON,   E.C. 
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LI. — The  Velocity  of  Oxime  Formation    in   Certain 
Ketones. 

By  Alfred  Walter  Stewart,  B.Sc,  1851  Exhibition  Scholar  of 
tlie  University  of  Glasgow. 

The  hindering  influence  prodticed  by  the  introduction  of  various 
groups  into  ketonic  compounds  bas  been  already  studied  by  tbe 
autbor  in  the  case  of  the  additive  products  foi-med  with  sodium 
hydrogen  sulphite  (Trans.,  1905,  87,185),  and  it  seemed  désirable  to 
apply  a  somewhat  similar  method  to  the  case  of  oxime  formation, 
with  the  view  of  finding  whether  steric  hindrance  was  actually  the 
chief  factor  in  the  problem.  If  the  rates  of  formation  of  the 
oximes  of  various  ketones  showed  the  same  relations  to  each  other 
as  those  found  in  the  case  of  the  "  bisulphite  "  compounds,  the 
probability  that  steric  hindrance  played  a  great  part  in  the  re- 
action "would  be  increased,  since  chemically  the  reactions  are  quite 
différent  in  character. 

The  simplest  method  of  estimating  the  percentage  of  oxime 
formed  in  a  given  case  seemed  to  be  to  détermine  the  amounts  of 
free  hydroxylamine  présent  in  a  solution  both  before  and  after  the 
reaction  bas  lasted  for  a  fixed  interval  of  time. 

Several  séries  of  experiments  were  carried  out  before  a  satis- 
factory  process  was  discovered.  At  first  an  indirect  method  was 
tried  :  a  fixed  excess  of  ferrie  sulphate  was  boiled  with  the  oxime 
solution  in  an  atmosphère  of  carbon  dioxide,  and  the  amount  of 
ferrons  sulphate  thus  formed  was  estimated  by  titration  with  potass- 
ium permanganate.  This  did  not  give  concordant  results,  nor  did 
direct  titration  of  the  unchanged  hydroxylamine,  either  with 
Pehling's  solution  or  with  a  solution  of  potassium  nitrite. 

In  the  end  the  following  mode  of  estimation,  adapted  from.  a 
method  of  estimating  hydroxylamine  described  by  Meyeringh 
{Ber.,  1877,  10,  1940),  was  found  to  be  the  best.  In  order  to 
obtain  results  comparable  with  those  already  found  in  the  case  of 
the  "  bisulphite  "  compounds,  i\^/10  aqueous  solutions  of  the  ketones 
were  diluted  with  alcohol  to  N /12.  Fifty  ce.  of  the  ketone  solu- 
tion were  mixed  with  an  equal  volume  of  N/12  hydroxylamine 
sulphate  solution,  and  the  mixture  was  left  in  ice.  Every  ten 
minutes,  10  ce.  were  withdrawn,  to  which  were  added  20  ce  of 
Nj5  iodine  solution  and  20  ce  of  iV/5  disodium  hydrogen  phos- 
phate solution;  the  whole  was  placed  on  a  water-bath  for  one 
minute,  and  the  excess  of  iodine  remaining  was  then  titrated  with 
sodium  thiosulphate  in  the  usual  way. 
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The  ratiouale  of  tlie  metliod  is  as  follows.  The  ketone,  in  forining 
an  oxime,  uses  up  a  certain  qiiantity  of  hydroxylamine  ;  the  remain- 
ing  hydroxylamine  is 
decomposed  by  warming 
with  the  iodine  solution, 
and  the  hydriodic  acid 
thus  produced  is  taken 
up  by  the  sodium  phos- 
phate before  it  affects  the 
oxime  ;  the  amount  of 
iodine  left  unchanged  is 
then  estimated  by  means 
of  the  thiosulphate  titra- 
tion,  and  from  it  the 
amount  of  hydroxylamine 
employed  in  oxime  form- 
ation can  be  deduced. 
This  method  was  found 
to  be  sufficiently  accurate, 
the  results  being  con- 
cordant to  within  oiie 
per  cent.,  which  is  suffi- 
ciently close  for  the  pur- 
pose  in  view.  It  fails, 
however,  when  employed 
with  aldéhydes,  owing  to 
their  ready  oxidation  ; 
and  also  in  the  case  of 
compounds  containing  the 
group  -CO-CH.,-CO- 

which    react   with    iodine 
on  warming. 

The     results      obtained 

are    shown    in    the   table 

•  and  curves.     In  the  case 

of  acetonylacetone,   twice 

the  usual  quantity  of  the 

hydroxylamine  solution  was  used,  and  the  results  given  show   the 
percentage  of  oxime  formed  at  each  carbonyl  group. 


Acétone  

Methylethyl  ketone    ... 

,,      propyl     ,, 

,,       (sopropyl  ketone 
Ethvl  lîBviilatc 

10 
4Ô-1 
36-6 
34-7 
31-4 
26-1 
190 
12-9 

2( 
49 
39 
37 
31 
30 
30 
17 

) 
7 
2 
3 
5 
0 
G 
0 

3 
50 
39 
39 
32 
33 
35 
24 

3 
0 
2 
9 
0 
9 
0 
5 

40  minutes. 
50-1  percentage 
39-2 
41-2 
32-0 
35-0 
39-0 
24-5 

of  oxime 

Acetonylacetone   

Pinacolin   
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On  the  whole,  the  foregoing  i^esults  appear  to  support  those 
already  obtained  as  to  the  influence  of  the  methyl  group  when  it  is 
substituted  for  a  hydrogen  atom  near  the  carbonyl  group.  During 
the  first  ten  minutes  of  ail  the  reactions,  the  only  divergence  from 
the  relations  determined  in  the  case  of  the  "  bisulphite  "  compounds 
is  to  be  found  with  ethyl  lœvulate,  the  velocity  of  the  "  bisulphite  " 
reaction  of  which  lay  between  those  of  methyl  propyl  and  methyl 
ïsopropyl  ketones,  whilst  in  the  foregoing  table  it  has  a  lower  rate 
of  reaction  than  methyl  ^sopropyl  ketone.  Apart  from  this  in- 
stance, the  same  influences  appear  to  govern  the  courses  of  both 
reactions.  If  the  percentages  of  oxime  formed  by  acétone,  methyl 
ethyl  ketone,  methyl  «sopropyl  ketone,  and  pinacolin  at  the  end  of 
twenty  minutes  are  considered,  the  following  numbers  are  obtained  : 

CHs-CO-CHg 49-7  percent.       CH3-CO-CH(CH3)o 31 -5  percent. 

CHs'CO-CHo-CHg 39-2        „  CH3-CO-C(CH3)3  " 17-0 

It  will  be  noticed  that  the  velocity  of  the  reaction  in  the  case  of 
methyl  ethyl  ketone  appears  to  undergo  retardation  after  twenty 
minutes,  causing  the  percentage  of  oxime  generated  at  the  end  of 
a  forty-minute  period  to  fall  below  that  produced  in  the  case  of 
methyl  ïsopropyl  ketone. 

The  reaction  of  oxime  formation  appears  to  be,  on  the  whole, 
more  rapid  than  the  addition  of  sodium  hydrogen  sulphite  to  the 
carbonyl  group;  a  state  of  equilibrium  is  reached  more  speedily. 
This  is  to  be  expected  when  we  take  into  account  the  nature  of  the 
reaction  and  the  relative  masses  of  the  groups  involved.  In  the 
case  of  the  "  bisulphite  "  compounds  it  is  merely  a  question  of 
adding  on  a  bulky  group  : 

>c:o  +    I  =      )c( 

R/  H  R/      \0H 

whereas  in  the  second  instance  a  smaller  group  enters,  and  water 
is  immediately  eliminated  : 

R.       /Nïï-OH         R. 

>c<  =     >c:n-oh  +  H2O. 

R/      \Oïï  R/ 


Nn:o 

NH-OH 

+ 

1 

E/ 

H 

The  oximes  appear  to  be  better  suited  than  the  "  bisulphite  "  com- 
pounds for  estimations  of  the  velocity  of  formation  of  additive 
compounds  of  ketones,  when  many  methyl  groups  lie  in  the  neigh- 
bourhood  of  the  carbonyl.  The  oxime  method  has  also  a  great 
advantage  over  the  other,  since  in  the  titration  of  the  "  bisulphite  " 
compounds  a  slow  inverse  action  takes  place,  which  does  not  occur 
in  the  case  of  the  hydroxylamine  estimation.     This  method  might 
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conceivably    be    useful    in   confirming    the   constitutions    of    cyclic 
carbonyl  compounds  containing  many  metliyl  groups. 

In  conclusion,  the  autlior  wishes  to  tliank  Professor  Collie  and 
Dr.  Smiles  for  assistance  given  dnring  the  above  research. 

The  Organic  Chemistry  Laboratory, 
University  Collège, 

LONDON. 


LII. — Limoneyie-  Nitrosocyanides  and  their  Derivatives. 

By  Frederick  Peacock  Leach. 

In  a  "  prehminary  notice  of  some  new  derivatives  of  pinene  and  other 
terpenes  "  {Froc,  1902,  18,  163),  it  was  shown  by  Tilden  and 
Burrows  that  whilst  pinene  nitrosochloride  yields  with  potassium 
cyanide  a  crystalline  nitï-osocyanide,  a  mixture  of  the  isomeric  limonene 
nitrosochlorides  gives  a  liquid  product. 

By  modifying  the  conditions  of  experiment,  it  has  since  been  found 
that  the  separate  limonene  nitrosochlorides  yield  corresponding  crystal- 
line nitrosocyanides,  the  investigation  of  which  I  hâve  continued  at 
the  request  of  Professor  Tilden, 

The  following  table  contains  a  statement  of  the  principal  physical 
characters  of  the  limonene  nitrosochlorides,  as  determined  by  Wallach 
and  Conrady,  together  with  those  of  the  new  compounds  derived  from 
them  by  processes  the  détails  of  which  will  be  found  in  the  expéri- 
mental part  of  this  paper  : 


Compound. 


Limonene       (Wallach  and  Conrady) 
a-Nitrosochloride  ,,  ,, 

j8-Nit!osochloride  ,,  ,, 

a-Nitrosocyanide  

Benzoyl  o-nitrosocyanide 

j8-Nitrosocyanide  

Benzoyl  ;8-niti'osocyanide 

a-Amide 

Benzoyl  a-amide    

a-Carboxylic  acid  

Dihydrocarvoxinie    


Dextro- 
and  laevo-, 

Racemic, 

m.  p. 

103—104° 

— 

not 

definite 

90-91° 

81°      ! 

108 

96 

140-141 

159—160   1 

121 

98         i 

138 

155 

152 

150 

97 

116 

88-5 

115 

Dextro- 


+  106-8° 
+  313-4 
+  240-3 
+  152-7 
+  126-3 
-31-6 
-108-2 
+  174-9 
+  241-7 
+  102-9 
+  9-45 


Laîvo 


-105-0° 
-314-8 
-242-2 
-152-2 
-127-2 
+  30-6 
fl08-7 
-174-0 
-242-0 
-103-9 
-9-21 


The  a-   and  ;8-nitrosochlorides    both    yield    the  same    two  isomeric 
nitrosocyanides,  referred  to  in  this  paper  as  the  a-  and  |8-modifications. 
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and  thèse  two  compounds  are  produced  from  the  a-nitrosochloride  in 
the  same  proportion  as  from  the  /3-nitrosochloride.  Thèse  remarks 
apply  equally  to  the  derivativea  of  d-  and  Himonenes. 

This  observation  is  in  accord  with  the  account  given  by  Wallach 
{Annahn,  1889,  252,  113,  and  1892,  270,  181)  of  the  production  of 
two  isomeric  nitrolamines  from  limonene  a-  and  )S-nitrosochlorides 
respectively. 

The  d-  and  ^a-nitrosocyanides  behave  quite  normally  as  nitriles, 
giving  on  hydrolysis  the  corresponding  amides  and  acids.  The  acids 
are  characterised  by  the  readiness  with  which  they  part  with  carbon 
dioxide,  yielding  the  normal  oxime  of  d-  and  ^-dihydrocarvones. 

The  ^-nitrosocyanides  are,  however,  produced  in  such  small  quantity 
that  material  sufïicieut  for  the  préparation  of  the  corresponding  amides 
and  acids  has  not  been  accumulated,  but  on  hydrolysis  with  caustic 
potash  thèse  cyanides  yield  the  oximes  of  dihydrocarvone  identical 
with  those  obtained  from  the  a-acids. 

The  following  schéma  will  elncidate  the  relationship  of  the  new 
compounds  : 

d-  and  ^a-Nitrosochlorides.  d-  and  ^jS-Nitrosochlovides. 


4    -h ""^  '. ^    ^k 

d-  and  ?-a-Cyanides.  d-  and  Z-;8-Cyanide.s. 

d-  and  /-a- Amides. 

d-  and  Z-a- Acids. 

d,-  aud  Z-Dihydrocarvoximes  (m.  p.  88 — 89°). 

In  order  to  discuss  the  nature  of  the  isomerism  of  thèse  nitroso- 
chlorides  and  nitrosocyanides,  the  formula  recently  established  by 
W.  H.  Perkin,  jun.  (Trans.,  1904,  85,  654),  may  be  assumed. 

The  a-  and  ^-nitrosocyanides  formed  fi*om  thèse  two  nitrosochlorides 
in  the  manner  already  indicated  are  unimolecular,  and  their  isomerism 
can  only  be  accounted  for  on  the  cis-  and  ^ra?is-hypothesis,  the  more 
fusible  isomeride  (m.  p.  90 — 91°)  being  assumed  to  be  the  cis-compound 
and  the  less  fusible  (m.  p.  140 — 141°)  isomeride  its  <raws-correlative. 
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CH^CN 


CH,  CO-NH, 


CH,  CO.,H 


CIS    jj2J 


c:noh 


CHg-C      H 

CHo 

Limonene  o-nitrosoôyanide 
(m.  p.  90—91°). 


trans 


h:,c 


I    I 


c:noh 


CH3-C 


c 


H 


c:noh 

CH, 


o-Amide 
(m.  p.  138°). 


H,CY   \c:noh 


CHg-C      H 

a-Acid 
(m.  p.  97°). 

CH3H 

C 


HoCi 


c:noïï 

CH, 


CHo-C      H 

"^  1 1 
CH2 
Limonene  /3-nitrosocyanide 
(m.  p.  140—141°). 


•C      H 

CH, 
Dihydrocarvoxime 
P- 


(m. 


n 


The  isomerism  of  the  niti-olamines  must  be  accounted  for  in  a 
similar  way. 

A  remarkable  resemblance  exists  between  the  limonene  a-nitroso- 
cyanicles  and  their  dérivât  ives  and  the  nitrosocyanide  prepared  by 
Wallach  [Annalen,  1888,  248,  164)  from  amylene  nitrosate. 

The  acid  obtained  by  hydrolysing  the  cyanide  in  each  case  happens 
to  melt  at  the  same  température,  97°,  and  both  at  this  temperatv;re 
pass  intooximes  with  vigorous  évolution  of  carbon  dioxide.  As  already 
stated,  the  limonene  a-acid  gives  the  normal  oxime  of  dihydrocarvone, 
whilst  the  acid  from  amylene  nitrosocyanide  yields  the  oxime  of 
methyl  {sopropyl  ketone,  (CH3)2CH-C(NOH)-CH3. 

The  mechanism  of  the  process  by  which  the  isomeric  nitrosocyanides 
are  formed  from  the  limonene  bimolecular  nitrosochlorides  is  not  yet 
fully  eliicidated,  but  it  may  be  regarded  as  probable  that  at  the  moment 
of  séparation  of  the  two  semi-molecules  of  the  nitrosochloride  a  double 
link  is  temporarily  formed  by  the  removal  of  the  éléments  of  bydrogen 
chloride  : 


CyHi2< 


CH3 

Cl 
H 
NO- 


C.Hi.,<ll'^^3 

'    '-     C-NO- 


416  LEACH  :   LIMONENE   NITROSOCYANIDES 

This  is  immediately  foUowed  by  the  addition  of   hydrogen  cyanidf 
while  the  bisnitroso-compound  changes  into  the  oxime  : 


I     ^^^    1  --> 


>c:noh 


whether  the  cis-  or  tra7is-îorm  of  nitrosocyanide  is  produced  would 
dépend,  according  to  this  hypothesis,  on  which  of  the  two  bonds 
temporarily  formed  is  saturated  by  the  addition  of  the  hydrogen 
cyanide,  and  it  may  be  supposed  that  the  niti^osocyanide,  which  is 
formed  in  the  smaller  proportion,  namely,  the  /3-compound,  would  be 
the  product  of  this  succession  of  changes.  The  a-nitrosocyanide 
might  be  formed  in  a  similar  manner,  but  it  appears  more  probable 
that  this  results  from  the  direct  substitution  of  CN  for  the  chlorine 
of  the  nitrosochloride.  Support  is  found  for  the  above  hypothesis  as 
to  the  formation  of  a  temporary  double  linking  in  the  researches  of 
von  Baeyer  {Ber.,  1893,  26,  2861). 

It  is  noteworthy  that  whilst  the  optical  activity  of  the  a-nitroso- 
cyanides  is  in  the  same  sensé  as  that  of  the  nitrosochlorides  from 
which  they  are  derived,  the  /3-nitrosocyanides  hâve  spécifie  rotation 
opposite  in  sign  to  that  exerted  by  the  cori'esponding  nitrosochlorides. 

Several  other  questions  remain  for  further  investigation,  among 
them  an  inquiry  as  to  the  nature  of  the  union  between  the  two  semi- 
molecules  of  the  nitrosochlorides. 

The  substitution  or  withdrawal  of  the  chlorine  cerLainly  renders  the 
bisnitroso-linking  unstable,  but  it  does  not  appear  to  follow  in  ail 
cases  that  the  présence  of  the  chlorine  prevents  the  assumption  of  the 
oxime  constitution  by  the  nitroso-group,  or  that  on  the  removal  of  the 
chlorine  the  derivative  is  necessarily  unimolecular. 


Expérimental. 
Préparation  of  the  Isomeric  Limonene  Nitrosocyanides. 

The  cZ-limonene  employed  in  thèse  experiments  was  the  fraction  of 
sweet  orange  oil  boiling  at  174 — 176°,  having  sp.  gr.  08664  at  15°, 
and  od  100°22-5'  in  a  1-dcm.  tube,  whence  [ajo  115-2°;  a  solution  in 
chloroform  gave  [aj^  119-9°.  The  ^-limonene  obtained  frora  Messrs. 
Schimmel  distilled  at  172—176°,  had  a  sp.  gr.  0-8658  at  19°,  and  gave 
ao  -97°27'  in  a  1-dcm.  tube,  whence  [a\^  -  112-3°. 

Thèse  hydrocarbons  were  converted  into  the  nitrosochlorides  by 
Wallach's  process  {Annalen,  1889,  252,  108),  but  in  quantities  twenty 
times  those  mentioned,  addition  of  hydrochloric  acid  being  temporarily 
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(liscontiuued  wheu  ihe  précipitation  of  the  nitrosochloride  inducea  a 
rapid  rise  of  température  ;  at  the  conclusion  of  the  opération,  100  ce. 
of  alcohol  were  added,  75  grams  of  the  isomeric  products  being  thus 
obtained  from  every  100  ce.  of  hydrocarbon.  In  order  to  separate  the 
a-  and  /8-nitrosochlorides,  150  grams  of  the  mixture  were  added  to 
450  grams  of  chloroform,  which  dissolved  the  major  portion,  forming 
a  deep  blue  liquid,  the  undissolved  portion  consisting  of  crude 
/Jnitrosochloride,  which  was  reprecipitated  by  methyl  alcohol  from  the 
solution  in  10  parts  of  chloroform,  and  finally  washed  with  dry 
ether. 

The  bulk  of  both  the  a-  and  /?-compounds  was,  however,  obtained 
from  the  first  solution  in  chloroform,  from  which,  by  adding  methyl 
alcohol,  the  ^-nitrosochloride  was  precipitated,  together  with  the 
greater  quantity  of  the  a-compound,  which  is  finally  purified  by 
dissolution  in  ether  and  précipitation  with  methyl  alcohol,  68 — 70 
grams  of  the  a-nitrosochloride  and  40 — 42  grams  of  the  y8-nitroso- 
chloride  being  obtained  from  150  grams  of  the  crude  mixture.  Owing 
to  the  large  production  of  a  yellow  oil,  which  arises  from  the  action  of 
potassium  cyanide  on  the  limonene  nitrosochlorides,  it  has  been  neces- 
sary  to  modify  the  method  of  préparation  previously  indicated  (Trans., 
1904,  85,  931).     The  following  process  gives  the  best  results. 

Twenty  grams  of  the  pure  a-  or  ^-nitrosochloride  were  ground  to  a 
fine  powder  with  12  grams  of  potassium  cyanide  ;  alcohol  was  gradually 
added  up  to  120  ce,  the  mixture  being  kept  at  25 — 30°.  Potassium 
chloride  was  soon  deposited,  whilst  the  liquid  assumed  a  pale  yellow 
colour,  which  deepened  as  the  reaction  proceeded,  the  nitrosochloride 
gradually  disappearing  ;  the  a-nitrosochloride  was  corapletely  changed 
in  about  5  day.<,  the  /3-compound  requiring  about  15  days,  but  thèse 
rates  are  influenced  very  considerably  by  variation  in  température. 
Pouring  the  alcoholic  solution  into  water  precipitated  a  colourless  oil, 
which  soon  became  semi-solid  and  weighed  18  grams;  washing  with 
light  petroleum  and  crystallisation  from  the  same  solvent  furnished 
two  optically  active  nitrosocyanides,  of  which  the  preponderating 
modification  formed  thick  prisms  (7  grams)  melting  at  90 — 91°, 
the  remainder  (0-5  gram)  crystallising  in  slender  needles  and  melting 
at  140 — 141°.  The  less  fusible  isomeride  is  also  deposited  in  part 
from  the  light  petroleum  washings,  and  purified  by  solution  in  chloro- 
form and  précipitation  with  petioleum.  When  the  reaction  is  carried 
out  above  30°,  this  isomeride  is  not  readily  produced.  Attempts  hâve 
been  made  to  increase  tbe  yield  of  the  nitrosocyanides  by  dissolving 
the  a-nitrosochloride  in  ether,  mixtures  of  alcohol  with  ether  and  of 
water  with  ether,  instead  of  alcohol,  and  no  better  results  were 
obtained  by  substituting  différent  metallic  cyanides  for  potassium 
cyanide.    The  a-  and  |8-nitrosochlorides  bothgive  rise  to  approximately 
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30 — 35  per  cent,  of  a-nitrosocyanide,  accompanied  by  2 — 3  per  cent, 
of  the  /3-moditication,  the  remaining  60  per  cent,  being  transformed 
into  an  oil  the  composition  of  which  bas  not  been  determined. 


d-  and  \-Limonene  a.-Nitrosoc)janides,  Ciû^is^^fiTu-     • 

The  dextro-compound  bas  been  already  described  (Trans.,  1904,  85, 
932).  Both  the  d-  and  ^a-nitrosocyanides  crystallise  from  dilate 
alcohol  in  long,  colourless,  ti-ansparent,  four-sided  prisms,  also  from 
ligbt  petroleum  in  flattened  pi'isms,  readily  soluble  in  ether,  chloro- 
form,  and  hot  petroleum,  sparingly  so  in  cold  petroleum,  and 
insoluble  in  water.  They  melt  at  90 — 91°  without  décomposition, 
fusing  again  at  the  same  température.  The  compounds  are  soluble  in 
dilute  aqueous  alkali,  and  are  reprecipitated  by  the  addition  of  dilute 
acid  ;  a  solution  of  bromine  in  chloroform  is  readily  decolorised,  and 
halogen  acids  are  iixed  by  the  cyanides.  When  crushed,  the  a-nitroso- 
cyanides  become  very  electrified,  clinging  tenaciously  to  the  vessel. 
Towards  hot  aqueous  or  alcoholic  potash  they  behave  like  normal 
niti'iles,  being  readily  hydrolysed  to  the  corresponding  amide  or  acid 
with  évolution  of  ammonia. 

The  a-nitrosocyanides  gradually  dissolve  with  évolution  of  beat  in 
concentrated  sulphuric  acid,  producing  a  yellow,  and  finally  a  deep  red, 
colour  ;  on  pouring  the  solution  into  water,  the  liquid  remains  clear, 
but  on  neutralising  with  ammonia  a  white,  gelatinous  precipitate  is 
formed,  which  bas  not  been  further  investigated.  When  heated  with 
dilute  acids,  the  niti'osocyanides  readily  yield  hydroxylamine  together 
with  dark  coloured,  uncrystallisable  products. 

The  a-nitrosocyanides  are  optically  active,  the  sign  of  the  rotation 
being  the  same  as  that  of  the  nitrosochlorides  from  which  they  are 
derived. 

0-5692  gram  of  the  dextro-a-nitrosocyanide,  dissolved  and  made  up 
to  25  ce.  with  chloroform,  gave  a  mean  rotation  of  +6°57'3'  at  18"5° 
in  a  2-dcm.  tube,  whence  [ajn  +  152*7°. 

0-5524  gram  of  the  Isevo-a-nitrosocyanide  in  a  similar  way  at  19° 
gave  a  mean  rotation  of  -  6°43-5',  whence  [ajo  -  152-2°. 

0-1084  [d-]  gave  14-2  ce.  nitrogen  at  19-5°  and  760  mm.     N  =  15-02. 
0-1526  [Z]     „     19-6  ce  „  16°       „     760  mm,     N=  14-98. 

^ii-^iG^-^2  l'equires  N  =  14-58  per  cent. 

Molecular  weight  déterminations  by  the  cryoscopic  method  gave  : 
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Weiyht  of  Weight  of  Molecular 

lieuzene.  substance.  Depressiou  A.        weight. 

La'vo-  19-29  O'OTSO  0-110                 180-1 

19-29  0-1812  0-235                 195-9 

Dextro-     20-68  0-0466  0-080  138-0 

„       20-68  0-1096  0-170                 152-6 

,,      20-68  0-1784  0-250                 168-7 

,,      19-8  0-2204  0-300                 181-8 

,,      19-8  0-3318  0-420                 195-4 

CjiHigOKj  requires  192. 

0-0991  gram  in  19-3  grams  of  naphthalene  gave  A  =  0-1875°  for  the 
dexti'orotatory  compound,  wheuce  M.W.  =  191-C. 

In  their  unimolecular  character,  therefore,  the  d-  and  ^-a-nitroso- 
cyanides  resemble  the  limonene  nitrolamines. 

The  henzoyl  derivatives,  ON-C^oH^^INO-CO-O^Hj  : 

The  d-  and  ?-a-nitrosocyanides  readily  yield  benzoyl  derivatives  by 
the  Schotten-Baumann  method  ;  thèse  crystallise  from  dilate  alcohol 
in  thin  leaves  or  plates  melting  at  108°.  They  are  readily  soluble  in 
chloroform  and  ether,  and  may  aiso  be  crystallised  from  petroleum. 

0*5092  gram  of  the  ^benzoyl  derivative,  when  dissolved  and  made 
up  to  25  ce.  with  chloroform,  gave  a  mean  rotation  of  -  5°ir  at  15° 
in  a  2-dcm.  tube,  whence  [aj^  -  127-2°. 

0"5478  gram  of  the  cZ-benzoyl  derivative,  treated  in  the  samemanner 
at  19°,  gave  a  mean  rotation  of  +5°32-25',  whence  [a]u  +  126-3°. 

0-1496  [fZ-]  gave  12-4  ce.  nitrogen  at  20-5°  and  767  mm.    N  =  9-55. 
0-1728  [^]     „      14-6  ce  „  18°       „     760  mm.    N  =  9-76. 

CjgHgpO.^Ng  requires  N  =  9-46  per  cent, 

The  viethyl  ether,  CN'CioH^r.iNO'CHg,  of  the  ri-a-nitrosocyanide  is  a 
viseous  oil,  which  is  readily  prepared  by  the  action  of  methyl  iodide 
and  caustic  potash  in  methyl  alcohol,  also  by  the  use  of  silver 
oxide. 

The  ethyl  ether,  (Jï^'O^^-^r^'.l^O'G.^M,^,  prepared  in  the  same  way,  is 
also  an  oil.  On  passing  dry  hydrogen  chloride  through  a  solution  of 
this  ether  in  methyl  alcohol,  the  characteristic  hydrochloride  is  pre- 
cipitated  ;  it  crystallises  from  dilute  alcohol  in  large,  hexagonal  plates 
which  melt  at  44°.  This  compound  was  produced  with  the  object  of  com- 
paring  it  with  the  hydrochloride  which  is  formed  by  the  yellow  oil 
obtained  in  the  préparation  of  the  nitrosocyanides,  it  being  possible 
that  ether  formation  takes  place  during  the  séparation  of  the  two 
halves  of  the  bimolecular  nitrosochloride.  The  hydrochloride  of  the 
yellow  oil,  however,  melts  at  about  165°  and  does  not  resemble  the 
foregoing  substance. 

The    hydrochloride    of    cZ-a-nitrosocyanide,    0N'CjqHj,;(N0H)C1,    is 
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reaclily  obtained  by  adding  the  éléments  of  hydrogeu  chloride  ;  it 
crystallises  from  dilute  alcohol  in  thiu,  transparent  plates  whicli  melt  at 
56°. 

d-  cmd  \-Limonene  [i-Nitrosocyanides,  Cjo^ij^^/^-v^     . 

The  préparation  of  thèse  compounds  has  been  described.  They 
crystallise  in  fine,  woolly  needles  from  chloroform  on  addition  of 
petroleum,  and  in  somewhat  longer  needles  from  dilute  alcohol. 

I  n  order  to  eiîect  a  complète  séparation  of  the  ^-nitrosocyanide  from 
the  a-compound,  the  crude  mixture  is  dissolved  in  a  little  chloroform 
and  light  petroleum  added  ;  the  ;S-isomeride,  being  the  less  soluble,  is 
precipitated,  whilst  small  quantities  of  the  a-nitrosocyanide  with  oily 
matter  remain  in  solution.  The  melting  point  gradually  rises  after 
each  précipitation  until  it  reaches  140 — 141°  with  no  perceptible 
décomposition,  but  distinct  softening  takes  place  at  138°.  Recrystal- 
lisation  from  hot  light  petroleum  depresses  the  melting  point,  probably 
owing  to  slight  décomposition.  The  d-  and  ^J8-nitrosocyanides  are  less 
soluble  in  ail  ordinary  solvents  than  the  corresponding  a-nitroso- 
cyanides.  They  resemble  the  latter,  however,  in  their  solubility  in 
dilute  aqueous  alkalis,  being  reprecipitated  on  addition  of  dilute 
minerai  acids  ;  if  boiled  with  dilute  acids,  however,  they  yield  hydr- 
oxylamine,  but  not  so  readily  as  the  a-nitrosocyanides. 

Action  of  Aqueous  Alkali. — Although  the  quantity  of  the  )8-isomeride 
is  small,  it  has  been  found  that,  on  treatment  with  25  per  cent,  aqueous 
potassium  hydroxide,  like  the  a-nitrosocyanide,  it  readily  evolves 
ammonia,  and  most  probably  the  corresponding  acid  is  formed.  The 
acid,  however,  has  not  been  isolated,  but  only  the  product  of  its  décom- 
position, namely,  the  oxime  of  dihydrocarvone,  Avhich  melts  at  88"5°,  and 
is  identical  with  that  obtained  by  the  hydrolysis  of  the  a-nitroso- 
cyanide. 

The  limonene  ^-nitx^osocyanides  are  optically  active,  but  in  the 
opposite  sensé  to  the  nitrosochlorides  from  which  they  are  derived. 

0-4672  gram  of  the  cZ-y8-nitrosocyanide,  when  dissolved  and  made  up 
to  25  ce.  with  chloroform,  gave  a  mean  rotation  of  -  1°!!'  at  19°  in  a 
2-dcm.  tube,  whence  [a]o-31'6°. 

0*4528  gram  of  the  ^/8-nitrosocyanide  in  a  similar  manner  gave  a 
mean  rotation  of  +l°<o-b'  at  19°,  whence  [ajo  -f  30-6°. 

0-1246  [d-]  gave  16-1  ce.  nitrogen  at  19-5°  and  773  mm.  N  =  15-07. 
0-1020  [Z-]      „     13-3  ce  „  19°       „     762  mm.  N  =  15-03. 

O^j^Hj^gONg  requires  N=  14*58  per  cent. 

Déterminations  of  the  molecular  weight  in  benzène  gave  the  follow- 
ing  results  : 


Molecular 

ression  A. 

weiglit. 

0-115 

220-2 

0-215 

229-9 

0-095 

209-5 

0-165 

221-4 

AND   THEIR   DERIVATIVES.  421 

Weight  of  A\'eight  of 

beuzeue.  substance. 

Dcxtro-     18-91  0-0979 

,,      18-94  0-1911 

Lœvo-  20-68  0-0840 

,,       20-68  0-1542 

CiiHmON"o  reriuires  192. 

The  henzoyl  derivatives,  CN-CjQH^jINO'CO'CgHg,  are  readily  pre- 
pared  by  the  Schotten-Baumann  reaction,  which  crystallises  from 
dilute  alcoliol  in  beautiful,  long,  silky  needles  melting  at  121°,  and 
yielding  a  somewhat  soft,  cohérent  mass  when  crushed.  0-5042 
gram  of  the  c^-benzoyl  dissolved  and  made  up  to  25  ce.  with  chloro- 
form  gave  a  mean  rotation  of  -  4°22'  at  18°  and  in  a  2-dcm.  tube, 
whence[a]D  -108-2°. 

0-5324  gram  of  the  ^-benzoyl,  in  a  similar  manner,  gave  a  mean 
rotation  of  +4°38'  at  18-15°,  whence  [ajo  +108-7°.  The  sign  of  rota- 
tion is  the  same  as  that  of  the  corresponding  nitrosocyanides. 

0-1635  [cl-]  gave  14-1  ce.  nitrogen  at  19°  and  765  mm.     N  =  9-97. 

0-1618  [^-j      „     13-8  c.c.         „  15°     „     743  mm.     N  =  9-76. 

C^sHooOo^-j  l'equires  N==9-46  per  cent. 


The  d-  and  \-a-Amides,  GjqH^-<^Pq.^tt    . 

Tvventy  grams  of  the  d-  or  ^-limonene  a-nitrosocyanide  were  heated 
on  the  steam-bath  for  about  8  days  in  a  reflux  apparatus  with  25 
grams  of  potassium  hydroxide,  dissolved  in  absolute  alcohol,  when  the 
solution  gave  no  precipitate  on  acidification  with  dilute  hydrochloric 
acid.  During  the  process,  small  quantities  of  ammonia  were  evolved, 
the  liquid  developing  a  brown  colour,  and  on  adding  acetic  acid  the 
solution  jielded  a  semi-solid  paste  which  soon  became  crystalline. 
The  crude  product,  weighing  17-5  grams,  was  dissolved  in  chloroform 
and  precipitated  with  pctroleum,  and  on  repeating  this  opération  several 
times,  the  amide  became  colourless  and  separated  in  tufts  of  slender, 
bulky  needles.  It  crystallises  in  somewhat  larger  needles  on  adding 
petroleum  to  an  ethereal  solution,  and  melts  at  138°  with  slight  de- 
composition.  Alcohol  dissolves  it  very  readily,  dilution  precipitating 
it  incompletely  ;  it  is  soluble  also  in  dilute  aqueous  alkalis  and  acids. 
It  readily  decolorises  a  solution  of  bromine  in  chloroform  and  unités 
with  halogen  hydrides. 

The  d-  and  ^a-amides  are  optically  active  in  the  same  sensé  as  the 
nitrosocyanides  and  nitrosochlorides  from  which  they  are  derived. 

0'5050   gram  of  the    c?-a-amide,  dissolved  in  chloroform  and  made 
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up  to  25  ce,  gave  a  meau  rotation  of    +  7°4'  at  17°   and   in  a   2-dciu. 
tube,  whence  [ajr,  +174-9°. 

0'524:2  gram  of  the  ^a-amide,  in  a  similai-  manner,  gave  a  meaii 
rotation  of    -  7'"'17*8'  at  19°,  whence  [a]u  -  174'0°. 

0-1258  [d-]  gave  14-6  ce.  nitrogen  at  24°  and  766  mm.     N  =  13-13. 
0-1280  [V]      „     15-0  ce         „  15°    „     744  mm.     N  =  13-43. 

Cj^HjgO^N.,  requires  N  =  13  33  per  cent. 

The  methyl  ether  is  a  viscous  liquid  resembling  the  methyl  ether 
of  the  a-nitrosocyanide. 

The  henzoyl  derivatives  are  prepared  by  the  Schotten-Baumann 
reaction  and  crystallise  from  dilute  alcohol  in  rhombic  prisms, 
which  melt  sharply  at  152°  without  decomposing.  They  are  optically 
active,  the  introduction  of  the  acyl  group  increasing  the  rotation 
strongly. 

0-4180  gram  of  the  cZ-benzoyl,  dissolved  in  chloroform  and  made  up 
to  25  ce,  gave  a  mean  rotation  of  +  8°5'  at  19°  and  in  a  2-dcm.  tube, 
Avhence  [a]D  + iJ4r7°. 

0-4176  gram  of  the  ^beuzoyl,  in  a  simihxr  manner,  gave  a  mean 
rotation  of    -  8°5',  whence  [a]^  —  242-0°. 

0-2210  [cZ-]  gave  18'2  ce  nitrogen  at  24°  and  760  mm.     N"  =  9-23. 

0-1667  [/-]      „     13-7  ce.  „  15°    „    745  mm.     N  =  9-42. 

•  CjgHggOgNg  requires  N  =  8-91  per  cent. 

The  hydrochloride  of  the  c?-a-amide  crystallises  from  dilute  alcohol  in 
slender  needies  and  melts  at  100 — 101°  without  decomposing. 


The  d-  and  U-Acids,  G.^TÎ,,^^^^. 

Twenty  grams  of  the  d-  or  Z-a-nitrosocyanide  were  dissolved  in 
150  ce  of  25  per  cent,  aqueous  potassium  hydroxide  and  boiled  during 
24  hours  ;  when  the  reaction  had  proceeded  several  hours,  the  liquid 
gave  rise  to  an  oil  which  partly  crystallised  [  on  allowing  the  contents 
of  the  flask  to  cool.  The  oil  had  a  distinct  odour  of  carraway 
(carvone),  or  probably  of  dihydrocarvone.  The  alkaline  liquid,  cooled 
with  ice  and  carefully  neutralised  with  dilute  hydrochloric  acid,  gave 
9  grams  of  the  acid  in  a  crystalline  and  almost  colourless  condition, 
together  with  2-5  grams  of  impure  acid  ;  the  by-products  although 
partly  ci-ystalline,  hâve  not  been  fully  investigated.  The  acid  was 
purified  by  dissolution  in  a  small  quantity  of  alcohol,  the  solution 
cooled  below  0°,  and  gradually  diluted  with  water,  which  precipitated 
nacreous    leaflets  melting  at  97°  and  evolving   carbon   dioxide.     Re- 
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crystalliisatiou  was  effected  as  quickly  as  possible,  as  tiic  acids  décom- 
pose in  solution  and  slowly  evolve  caibon  dioxide, 

0-1738  [d-]  gave  10-8  c.c.  uitrogeu  at  17-5'  and  751  mm.     N  =  7-ll. 
0-1739  [^-]      „     10-5    „         „         „        15^^    „    745  mm.     N  =  6-92. 
C^^H^yOgN  requires  ]Sr  =  6-63  per  cent. 

The  acids  rotate  the  plane  of  polarisation  in  the  same  direction  as 
the  hydrocarbons  from  which  they  arise. 

0'5636  gram  of  the  li-acid,  dissolved  and  made  up  to  25  c.c.  with 
chloroform,  gave  a  mean  rotation  of  +4°38-3'  at  20°  and  in  a  2-dcm. 
tube,  whence  [ajo  +102-9°. 

0-5732  gram  of  the  /-acid  gave  a  mean  rotation  of  -4°46',  whence 
[ajo  -103-9°. 

The  rotations  of  thèse  acids  are  not  constant  owing  to  the  décom- 
position which  takes  place  so  readily  in  solution.  In  one  case,  in  the 
course  of  45  minutes,  the  rotation  fell  from  +  4°50'  to  4°20'. 

The  ammonium  salts  were  precipitated  on  passing  ammonia  into 
dried  ethereal  solutions  of  the  acids.  Aqueous  solutions  give  pi'e- 
cipitates  with  soluble  salts  of  the  heavy  metals,  but  the  compounds  are 
not  characteristic. 

The  silver  salts  prepared  from  aqueous  solutions  of  the  ammonium 
salts  and  silver  ^nitrate  separate  in  the  form  of  colourless,  bulky 
précipitâtes.  They  become  brown  on  exposure  to  light.  For  analjsis, 
the  substance  was  washed  with  alcohol  followed  by  ether,  and  then 
dried  in  a  vacuum. 

0-3134  [d-]  gave  0-1058  Ag.     Ag  =  33-76. 
0-1666  [^]      „     0-0560  Ag.     Ag  =  33-61. 

^ii-^ie^s-^-^S  l'equires  Ag=  33-93  per  cent. 

The  silver  salts  are  soluble  in  ammonia  ;  the  aqueous  or  ammoniacal 
solutions  L-apidly  blacken  on  heating. 

The  metliyl  ester  of  the  fZ-acid  was  prepared  from  the  silver  sait  and 
methyl  iodide  diluted  with  methyl  alcohol,  absence  of  diluent  iuvolv- 
ing  a  vigorous  action  with  blackening  and  destruction  of  the  substance. 
The  methyl  ester  melts  at  65°  and  softens  at  62°,  being  difficult  to 
obtain  pure  owing  to  admixture  with  other  décomposition  products  of 
the  acid  ;  it  is  soluble  in  dilute  aqueous  alkali. 

0-1983  gave  11-6  c.c.  nitrogen  at  19°  and  758  mm.     N  =  6-69. 
CjgHj.jO^N  requires  N  =  6-20  per  cent. 

The  readiness  with  which  solutions  of  the  acids  lose  carbon  dioxide 
in  choroform,  ether,  or  alcoholic  solution,  is  remarkable  ;  when  dry 
and  pure,  they  can  be  preserved  in  the  desiccator,  but  exposure  to  the 
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air  involves  graduai  décomposition.  The  acids  dissolve  readily  iu 
ammonium  carbonate  or  sodium  hydrogen  carbonate,  but  are  not  soluble 
in  minerai  acids  or  water  ;  at  the  melting  point,  a  vigorous  diseogage- 
ment  of  carbon  dioxide  occurs,  and  ammonia  is  also  liberated  in  small 
quantities.  The  residue  lias  a  strong  odour  of  carraway,  and  reduces 
Fehling's  solution.  It  would  therefore  appear  that  besides  loss  of 
carbon  dioxide,  a  partial  élimination  of  the  !NOH  group  takes  place, 
yielding  hydroxylamine  and  the  ketone  dihydrocarvone.  Thèse  facts 
serve  to  account  for  the  variety  of  products  obtained  on  hydrolysing  the 
cyanides. 

la  order  to  ascertain  the  proportion  of  carbon  dioxide  lost  by  the 
a  nitrosoacid,  weighed  quantities  were  heated  to  130°. 

0-5559  gave  0-1129  COg.     CO2  =  20-31. 
0-5335     „     0-1082  COg.     00^=  20-28. 

CjjHjyOgISr  requires  C02  =  20-85  per  cent,  for  the  loss  of  1  molécule  of 
carbon  dioxide. 

The  solid  residue  was  associated  with  a  small  proportion  of  dihydro- 
carvone, and  by  crystallisation  from  dilute  alcohol  the  former  was 
obtained  in  long  needles,  melting  at  88-5°,  Wallach  {Â7inalen,  1894, 
279,  381)  giving  the  melting  point  88 — 89°  for  the  oxime  of  dihydro- 
carvone. The  identity  of  this  substance  was  established  by  treating 
it  with  hydrogen  bromide  in  glacial  acetic  acid  ;  on  pouring  the 
solution  into  water,  a  white,  crystalline  hydrobromide  was  obtained 
melting  and  decomposing  at  109 — 110°.  According  to  Wallach,  the 
normal  oxime  gives  a  hydrobromide  melting  at  109°,  whilst  the 
isooxivae  does  not  yield  a  corresponding  derivative  (Annaleu,  1894, 
279,  382). 

0-1898  [d-]  gave  14-5  ce.  nitrogen  at  24°  acd  769      mm.     N  =  8-67. 
0-1547  [^-j      „      11-0  ce.       „        at  16°    „    769-5  mm.     N  =  8-41. 
C^^Hj-OI^  requii-es  N  =  8-38  per  cent. 

The  following  déterminations  were  made  of  the  rotatory  powers  of 
the  d-  and  ^-dihydrocarvoximes  : 

04738  gi-am  of  the  d-oxime,  dissolved  in  chloroform  and  made  up 
to  25  ce,  gave  a  mean  rotation  of  +0°21-5'  at  20°  and  in  a  2-dcm. 
tube,  whence  [ajo  +  9-45°. 

0-4068  gram  of  the  Z-oxime  gave  a  mean  rotation  of  -  0°18',  whence 
[a]o  -9-25°. 

2716  Racemic  Compounds. 

The  racemic  a-nitrosocyanide  was  prepared  by  mixing  2  5  grams 
each  of  the  d-  and  ^a-nitrosocyanides,  dissolved  in  alcohol  ;  water  pre- 
cipitated   an  oil,   which    soon    crystallised    and    melted   at  81°.     The 
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product  dissolves  less  readily  in  hot  petroIeum,  and  crystallises  in 
small,  hard,  ill-defiiied  prisms.  As  would  be  anticipated  froiii  the 
melting  point,  the  racemic  compound  is  more  soluble  in  common  média 
than  the  active  compounds.     Its  solution  is  optically  inactive. 

0-1442  gave  18-6  ce.  nitrogen  at  16°  and  746-5  mm.     N  =  1 4-75. 
C^iH^gONg  requires  N  =  14-58  per  cent. 

The  henzoyl  derivative  crystallises  from  dilute  alcohol  in  prisms 
whichmeltat  96°;  it  is  more  soluble  than  its  active  components,  which 
melt  at  108°. 

0-1532  gave  13-4  ce.  nitrogen  at  17°  and  747-6  mm.     N-9-98. 
CjgHoy02-^2  l'squii'es  ISr  =  9-46  per  cent. 

The  racemic  P-nitrosocyanide,  prepared  from  1  gram  each  of  the 
active  compounds  dissolved  in  a  little  alcohol,  cr-ystallises  in  slender 
needles  on  dilution,  and  melts  at  159 — 160°  without  decomposing.  It 
is  less  soluble  than  the  active  compounds  and  is  optically  inactive. 

0-1344  gave  17-2  ce  nitrogen  at  17°  and  762-5  mm.     N  =  14-89. 
CjjHjgONg  requires  N  =  14-58  per  cent. 

The  henzoyl  derivative  crystallises  from  dilute  alcohol  in  long, 
colourless  needles  with  silky  lustre  and   melts  at  98°,  softening  at  96°. 

0-1544  gave  13-0  ce.  nitrogen  at  18°  and  764  mm.     N  =  9-77. 
^i8-K2o^-2-^2  l'equires  ^  =  9-46  per  cent. 

The  racemic  a-amide,  prepared  from  solutions  in  chloroform  of  2 
grams  of  each  of  the  d-  and  ^amides,  séparâtes  quickly,  whilst  light 
petroleum  précipitâtes  it  as  a  fine,  crystalline  powder.  It  crystallises 
from  alcohol  on  addition  of  water  in  prisms  or  prismatic  needles 
melting  at  155°  with  slight  évolution  of  gas. 

The  solution  in  chloroform  was  optically  inactive. 

0-1402  gave  16-2  ce  nitrogen  at  18°  and  764  mm.     N  =  13-43. 
C^^HjgOgNo  requires  N=  13-33  per  cent. 

The  active  compounds  are  extremely  soluble  in  alcohol  and  are  not 
readily  precipitated  by  addition  of  water. 

The  henzoyl  derivative  crystallises  from  dilute  alcohol  in  hard  prisms 
which  melt  at  150°  without  décomposition.  The  active  compounds 
melt  at  152°. 

0-1747  gave  135  ce  nitrogen  at  16°  and  769  mm.     N  =  9-12. 
Cj8H2.P3N2  requii-es  N  =  8-91  per  cent. 

The  racemic  a-acid  séparâtes  almost  immediately  on  mixing  alcoholic 
solutions  of  3  grams  each  of  the  cZ- and  Z-a-acids  3  it  melts  at  116° 
with  vigorous  évolution  of  carbon  dioxide. 
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0-2004  gave  11-8  ce.  nitrogen  at  18^  and  770  mm.     N  =  6-89. 
Cj^Hj^OglSr  requires  IS]'  =  6-63  per  cent. 

The  ammonium  sait  séparâtes  as  a  fine,  ci^stalline  povvder  on  passing 
ammonia  into  tbe  dried  ethereal  solution  of  the  acid. 

The  silver  sait,  prepared  from  an  aqueous  solution  of  the  ammonium 
sait  and  slight  excess  of  silver  nitrate,  is  precipitated  in  the  amorphous 
condition. 

0-3236  gave  04088  Ag.     Ag  =  33-62. 

C^^HigOgNAg  requires  Ag  =  33-93  percent. 

The  vacemic  acid  resembles  the  cl-  and  Z-acids  in  losing  carbon 
dioxide,  the  racemic  oxime  of  dihydrocarvone  being  formed  ;  this 
melts  at  115°  and  crystallises  from  dilute  alcohol  in  prismatic  needles. 
Wallach  {Annalen,  1893,  275,  117)  gives  115—116°  for  the  melting 
point  of  this  oxime. 

0-1170  gave  8-7  ce.  nitrogen  at  17°  and  763  mm.     N  =  8-66. 
CjoHjyON  requires  N  =  8-38  per  cent. 

The  Oily  By-jjroducts. 

The  yellovv  oil,  which  forms  some  50 — 60  per  cent,  of  the  total 
prodvict  when  the  préparation  of  the  nitrosocyanides  is  conducted  at 
25 — 30°,  constitutes  almost  the  sole  product  at  higher  températures  ; 
it  décomposes  when  distilled  under  reduced  pressure,  and  is  only  very 
slightly  volatile  in  steam.  Dilute  alkalis  dissolve  it  sparingly,  but  it 
is  insoluble  in  dilute  acids,  which  eliminate  hydroxylamine  on  heating. 
A  solution  of  bromine  in  chloroform  is  immediately  decolorised,  from 
■which  only  oily  products  could  be  obtained. 

When  heated  with  25  per  cent,  aqueous  potassium  hydroxide,  the 
oil  gradually  dissolves,  much  ammonia  being  liberated,  and  there 
séparâtes  an  oil  which  slowly  deposits  carvoxime,  and  on  removing 
this  with  ether  and  acidifying  the  aqueous  liquid  with  hydrochloric 
acid  a  colourless  spécimen  of  the  acid  was  obtained,  identical  with 
that  derived  from  the  a-nitrosocyanide  ;  30  grams  of  the  original  oil 
yielded  5-3  gramsof  acid  and  4*2  grams  of  carvoxime. 

Ten  grams  of  the  yellow  oil  were  next  dissolved  in  methyl  alcohol 
and  satui-ated  with  dry  hydrogen  chloride  ;  on  adding  the  solution  to 
crushed  ice,  a  semi-solid  was  precipitated,  and  on  crystallising  this  from 
dilute  alcohol  a  small  quantity  of  a  compound  which  melts  and  evolves 
gas  at  165°  was  obtained.  It  becomes  discoloured  at  about  161°,  and 
the  crystals  possess  a  peculiar  stickiness,  which  is  not  removed  by 
recrystallisation.  Analysis  showed  that  the  substance  contains  ap- 
proximately  10  per  cent,  of  nitrogen  and  16  per  cent,  of  chlorine,  but 
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thèse  results  do  not  agrée  with  the  requirements  of  any  unimolecular 
compound  likely  to  arise  from  tlie  foregoing  reaction.  Molecular 
weight  déterminations  by  the  dépression  of  the  fi-eezing  point  of 
benzène  gave  the  following  results  : 


Weight  of 

Weight  of 

Jlolecular 

benzène. 

substance. 

Dépression  A. 

weight. 

20-0 

0-0792 

0-060 

323-4 

20-0 

0-1670 

0-12Ô 

327-3 

The  substance  is  tlierefore  probably  bimolecular. 

0-5688  gram  of  the  substance,  dissolved  and  made  up  to  25  ce.  with 
chloroform  gave  a  mean  rotition  of  +9^^-52-6'  at  19^  and  in  a  2-dcm. 
tube,  whence  [ajo  +217°. 

The  corresponding  lœvo-compound  bas  not  yet  been  prepared. 

The  investigation  of  thèse  compounds,  and  of  the  oils  obtained  from 
the  a-  and  ^S-nitrosochlorides  will  be  continued. 

I  désire  to  express  my  indebtedness  to  Professer  ïilden  for  the 
valuable  advice  which  I  bave  received  from  him  during  the  progress 
of  this  work. 

Royal  Collège  of  Science,  London, 
South  Kensington,  S.W. 


LUI. — The  Action  of  Acétylène  on  Aqueous  and  Hyclro- 
chloric  Acid  Solutions  of  Mercuric  Chloride. 

John  Samuel  Strafford  Brame. 

The  récent  publication  of  papers  by  Bilz  and  Mumm  {Ber.,  1905,  37, 
4417)  and  by  Karl  Hofmann  [loc.  cit.,  p.  4459)  on  the  production  of 
trichloromercuriacetaldehyde  makes  it  désirable  that  the  author  should 
record  experiments  on  the  action  of  acétylène  with  mercuric  chloride 
in  aqueous  solution  and  in  solutions  containing  hydrochloric  acid  on 
which  he  bas  beên  engaged  for  the  last  four  years. 

Aqueous  Solutions. 

Several  constitutions  bave  been  suggested  by  différent  observera  for 
the  white  precipitate  obtained  when  acétylène  is  passed  into  aqueous 
solutions  of  mercuric  chloride,  but  Bilz  and  Mumm,  and  also  Hofmann, 
seem  to  bave  settled  fairly  conclusively  that  it  is  trichloromercuri- 
acetaldehyde, C(HgCl)3-CH0,  and  analyses  made  by  the  author  some 
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three  or  four  years  ago  are  in  fair  agreement  with  such  a  consti- 
tution. 

Hofmann  regards  the  action  as  proceeding  through  two  stages, 
first  the  formation  of  C^Tlg^Cl^  {Ber.,  1899,  32,  810),  and  then  the 
hydrolysis  of  this  compound  to  yield  the  foregoing  aldéhyde  deriv- 
ative.  He  ascribes  the  high  analytical  results  obtained  for  chlorine 
by  himself  and  other  observers  to  small  amounts  of  the  former 
substance  which  remain  undecomposed.  It  does  not  appear  to  hâve 
been  noted,  however,  that  accompanying  the  trichloromercuriacet- 
aldehyde,  there  are  almost  always  small  amounts  of  another  substance, 
Cl-CHICH-HgCl,  first  described  by  Bigiuelli  {Ann.  Farm.  Chim.,  1898, 
16),  to  which  further  référence  is  made,  and  that  the  présence  of 
this  substance  increases  the  percentage  of  chlorine  présent  and  lowers 
the  percentage  of  mercury,  This  acetylene-mercuric  chloride  is  easily 
removed  by  two  or  three  extractions  with  alcohol  in  a  reflux  apparatus. 
Even  after  its  complète  removal,  however,  analyses  made  by  the 
author  invariably  gave  too  high  values  for  chlorine,  and  too  low  values 
for  mercury. 

It  must,  indeed,  be  pointed  out  that  whilst  there  is  close  agree- 
ment between  the  analytical  results  for  this  substance  made  by 
différent  observers,  there  is  a  considérable  différence  between  thèse 
results  and  the  values  calculated  for  C(tTgCl)3*CH0,  and  for  the 
purpose  of  comparison  the  détails  are  summarised  below,  so  far  as  they 
are  available,  together  with  the  values  calculated  from  various  sug- 
gested  formulée.  The  numbers  in  brackets  give  the  number  of  ex- 
periments  from  which  the  mean  values  were  obtained. 


Analytical  values. 

Calculated  values. 

1 

a 

S 

1 

S 

es 
S 

c 

d 

5c 
1 

S. 

Keiser      {Amer. 
Chem.J.,  1893, 
15,  535). 

Peratoner  {Oaz- 
zetta,  1894,  24, 
[ii],  36). 

S 

II 

Hg  ... 

Cl 

c 

H 

79-34 
14-56 

(3) 
(2) 

79-24  (2) 

14-69 
3-28  (5) 
0-30  (3) 

80-08 

14-82 

- 

79-27  (3) 
14-72  (6) 

3-10 

0-28 

79-33 

14-06 

3-17 

0-26 

1 

79-38        80-72 

14-08        14-30 

4-76          1-61 

0-19          0-13 

80-28 

14-23 

3-21 

0-13 

The  values  for  Kutcheroff's  formula  are  really  deduced  from  the 
constitution  ascribed  by  him  to  the  coiresponding  allylene  mercui'y 
compound,    3HgCl2,3HgO,(02H2)2   {J.    Russ.   Chem.    Soc,    1882,    14, 
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326),  but  which  Bilz  and  Mumm  state  to  be  trichloromercuriacetone, 
CH3-CO-C(HgCl)3. 

The  agreement  between  the  analytical  results  and  those  calculated 
for  such  a  constitution  is  really  better  than  for  the  compound 
C(HgCl)3'CH0,  except  that  the  chlorine  is  abnormally  high,  but  one 
would  expect,  if  a  formula  based  on  Kutcheroff's  allylene  compound 
were  correct,  that  acétylène  would  be  liberated  on  heating,  which  is 
not  actually  the  case.  The  formula  indicated  by  Hofmann  and  by  Bilz 
and  Mumm  is,  therefore,  most  likely  correct,  but  the  author  hopes  to 
conduct  f urther  experiments  in  order  to  ascertain  whether  the  analyti- 
cal methods  are  at  fault  or  whether  the  substance  operated  on  is 
impui-e. 

Hofmann  [loc.  cit.)  states  that  there  is  no  précipitation  in  the 
présence  of  a  large  excess  of  sodium  chloride,  but  at  least  with  a 
ratio  of  five  molécules  of  sait  to  one  molécule  of  mercuric  chloride  the 
precipitate  is  slowly  formed. 

Hydrochloric  Acid  Solutions. 

A  solution  of  mercuric  chloride  in  dilute  hydrochloric  acid  bas  been 
recommended  by  Berge  and  Reychler  {Bull.  Soc.  chvm.,  1897,  17,  218) 
as  a  purifying  agent  for  acétylène,  on  which  they  say  it  bas  no  action, 
This  agent  is  certainly  of  considérable  value  as  a  test  for  impurities  in 
that  gas,  and  having  frequently  employed  it  for  that  purpose,  the 
author  observed  after  some  hours  the  formation  of  fine,  needle-shaped 
crystals,  the  gas  washing-bottle  being  still  full  of  acétylène.  On 
referring  to  the  literature  of  the  subject,  it  was  found  that  Biginelli 
{Ann.  Farm.  Cldm.,  1898,  16)  had  obtained  a  similar  resuit,  and 
from  estimations  of  mercury  and  chlorine  only,  ascribed  to  it  the 
formula  CHCl!CH*HgCl.  The  author  bas  prepared  several  pure 
spécimens  and  complète  analyses  are  in  good  agreement  with  this. 

In  addition  to  the  properties  already  described,  it  may  be  mentioned 
that  the  material  produces  intense  irritation  of  the  skin,  especially  on 
the  face,  and  when  dissolved  in  water,  in  which  it  is  slightly  soluble, 
gives  only  a  white  precipitate  with  potassium  iodide,  which  serves  as 
a  valuable  test  for  the  freedom  of  the  product  from  mercuric  chloride. 
This  white  precipitate  soon  undergoes  a  change  to  a  yellow  substance, 
but  ail  attempts  to  coUect  some  and  purify  it  for  examination  bave  so 
far  failed.  When  perfectly  pure,  the  dry  substance  is  not  darkened  by 
ammonia.  On  heating,  acétylène  is  given  off,  this  being  a  point  of 
some  importance  as  supporting  the  constitution  suggested  by 
Biginelli, 
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Action  qf  Water  and  Sodium  Hydroxide  on  CHClICH'HgCl. 

On  boiliBg  with  water,  a  white  powder  is  produced  to  which  Biginelli 
ascribed  the  formula  CHglOH'HgCl.  The  author  of  this  paper  bas 
prepared  several  spécimens,  but  the  analytical  results  do  not  agrée  in 
the  slightest  with  such  a  constitution. 

The  crystalline  acetylene-mercuric  chloride  was  heated  in  the  water- 
bath  with  fresh  portions  of  water  until  no  turbidity  was  obtained  on 
adding  silver  nitrate,  and  only  a  straw  colour  on  passing  sulphuretted 
hydrogen  through  the  wash  water.  Acetaldehyde  is  always  produced, 
the  solution  becoming  strongly  acid. 

The  foUowing  i-esults  were  obtained,  the  mei-cury  and  chlorine  being 
determined  at  the  same  time  by  the  lime  method  : — 
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I. 
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\      „ 
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\      - 
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IV. 

/0-9728 
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0-7895  Hg 
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0-5712  AgCl 
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14-52 
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(1-1616 

)> 

0-9469  Hg 

= 

81-52 
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i      .' 

0-6844  AgCl 

= 

__. 

14-57 

Comhustions. 

C.  H. 

2-2910  gave  0-2344  COo  ;  0-0383  H.p   =    2-79  0-18 

2-1526     „      0-1616      ,",      0-0241    „"      =    2-05  0-13 

2-5425     „      0-1868     „      0-0254   „       =    2-00  011 

Mean  values  from  above  =  Hg  =  81-21;  Cl  =  14-45;  C  =  2-28; 
H  =  0-13  per  cent. 

4HgCl,C2HO  requires  Hg  =  81-40;  Cl  =  14-43;  C  =  2-44;  H  =  0-10 
per  cent. 

Biginelli's  C^Hg-HgCl  requires  Hg  =  76-21;  Cl  =  13-51;  C  =  9-14; 
H  =  1-14  per  cent. 

There  can  be  little  doubt  but  that  the  substance  is  a  mixture  of 
trichloromercuriacetaldehyde  and  mercurous  chloride  in  almost 
molecular  proportions,  and  its  behaviour  f  ully  bears  out  this  view.  On 
warming  with  dilate  hydrochloric  acid  in  a  water-bath,  the  substance 
nearly  ail  dissolves  with  the  production  of  acetaldehyde  and  mercuric 
chloride,  but  a  small  amount  of  mercurous  chloride  remains,  which  by 
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the  action  of  the  acetaldehyde  soon  becomes  reduced  to  metallic 
mercury. 

The  présence  of  the  merciirous  chloride  in  the  first  place  is  easily 
accounted  for  by  the  action  of  the  acetaldehyde  liberated  on  the 
mercuric  chloride  also  set  free  on  hydrolysis,  and  must  be  regarded  as 
accidentai,  the  true  product  being  exactly  the  same  as  is  produced  on 
passing  acétylène  into  aqueous  mercuric  chloride. 

The  crystalline  acetylene-mercuric  chloride  is  soluble  in  alkalis,  and 
on  heating  the  solution  a  greyish-white  precipitate  is  deposited,  which, 
when  examined  under  the  microscope,  generally  shows  globules  of  finely 
(livided  mercury.  Biginelli  {loc.  cit.),  from  apparently  one  mercury  estim- 
ation, assumed  that  this  substance  was  a  di-acetylide,  (CoH2)2,HgO. 

In  order  to  obtain  the  substance  as  free  as  possible  frotn  metallic 
mercury,  a  large  number  of  experiments  were  made  by  the  author,  and 
ultimately  it  was  found  that  the  best  results  were  obtained  by 
shaking  the  mercuric  compound  in  small  quantities  at  a  time  with 
sodium  hydroxide  solution  and  âltering  through  glass  wool  into  a  large 
volume  of  hot  water.  After  washing  by  décantation  with  hot  water 
until  the  washings  were  fiee  from  cblorine,  the  material  was  dried  on 
porous  plates  and  then  under  diminished  pressure  over  salphuric  acid, 
finally  being  kept  for  several  weeks  in  a  vacuum  over  phosphoric  oxide. 
The  substance  ultimately  lost  weight  very  slowly,  and  the  drying  is 
therefore  a  lengthy  process.  Heating  is  inadmissible,  for  the  thoroughly 
dried  material  steadily  loses  weight  in  the  water-oven  and  changes  in 
character. 

The  dry  substance  is  bluish-white,  free  from  chlorine,  and  very 
explosive  either  when  heated  or  rubbed  in  a  mortar.  With  the 
exception  of  any  free  mercury,  the  material  is  soluble  in  dilute  hydro- 
chloric  acid,  and  this  gives  a  fairly  good  method  of  ascertaining  the 
purity,  samples  which  showed  more  than  a  trace  of  the  latter  being 
rejected. 

Much  trouble  was  experienced  in  making  satisfactory  estimations  of 
the  mercury,  neither  the  action  of  sulphuretted  hydrogen  in  hydro- 
chloric  acid  solution  nor  the  direct  décomposition  of  the  substance  by 
ammonium  sulphide  giving  satisfactory  results.  Ultimately,  the 
method  of  Frankland  and  Duppa  {J.  Cliem.  Soc,  1863,  15,  417)  was 
adopted.  The  material  was  carefully  mixed  with  copper  oxide  in  the 
combustion  tube,  the  latter  drawn  out  about  five  inches  from  the  exit 
end,  a  boat  containing  phosphoric  oxide  slipped  in,  and  a  tapped  calcium 
chloride  tube  attached,  the  whole  apparatus  being  exhausted  to  a  few 
millimètres  pressure,  dry  air  was  admitted,  and  the  tube  again  ex- 
hausted daily  for  some  three  weeks.  To  make  quite  sure  that  no 
mercury  vapour  passed  into  the  sulphuric  acid  tube  during  combustion, 
a  few  strips  of  silver  foil  were  inserted  in  the  small  side  tube. 
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The  analytical  data  for  the  three  purest  spécimens  are  : — 

Hg.  C.  H. 

1-0570  gave  0-9162  Hg;  0-3824  CO.^  ;  0-0360  H.,0.  8668  9-86  0-38. 

M040     „     0-9694  Hg  ;  0-3904  CO2  ;  0-0334  H^O.  87-25  9-64  0-34. 

1-0609     „         —            ;  0-3826  COo;  0-0239  H.JO.      —  9-83  0-25. 

Mean     86-96  9-77  0-32. 

Biginelli's  (C2H2)2HgO  reqriires  Hg,  74-63  ;  C,  17-91  ;  H,  1-49  per  cent. 

Travers  and   Plimpton's   3C2Hg,H20  requires   Hg,  86-96  ;   C,  10-43  ; 

H,  0-29  per  cent. 

Tt  will  be  seen  that  the  compound  gives  results  agreeing  very  elosely 
with  those  required  for  the  acetylide  described  by  Travers  and 
Plimpton  (Trans.,  1894,  65,  264),  except  that  the  oarbon  is  unaccount- 
ably  low.  Moreover,  the  substance  generally  agrées  in  its  pi'operties 
with  the  other  acetylide,  and  there  is  every  reason  to  believe  that  it  is 
identical  with  this,  although  perhaps  it  is  net  quite  pure. 

Keiser  {Amer.  Chem.  J.,  1893,  15,  535)  describes  an  anhydrous 
acetylide,  HgCg,  but  Travers  and  Plimpton  {loc.  cit.)  were  unable  to 
obtain  the  substance  free  from  water,  and  as  Keiser's  work  seems  to 
be  unconfii^med  the  author  is  at  présent  engaged  in  attempting  to 
prépare  an  anhydrous  acetylide. 

Conclusions. 

There  seems  good  reason  for  believing  that  the  first  action  of 
acétylène  on  either  aqueous  or  dilute  acid  solutions  of  mercuric 
chloride  is  the  formation  of  the  compound  Cl'HCIC'HgCl  by  direct 
addition  together  with  acetaldehyde.  This  additive  compound  has 
been  shown  to  undergo  décomposition  with  water,  producing  acet- 
aldehyde, mercuric  chloride,  free  hydrochloric  acid,  and  some  trichloro- 
mercuriacetaldehyde.  The  latter  is  decomposed  by  hydrochloric  acid, 
and  in  the  présence  of  much  acid  is  therefore  not  isolated.  It  l'emains 
to  be  proved  whether  it  is  an  intermediate  substance  concerned  in  the 
production  of  acetaldehyde,  or  whether  it  is  a  secondai'y  substance 
derived  from  the  aldéhyde. 

It  is  hoped  to  study  the  exact  mechanism  of  the  reaction  further, 
for  it  should  throw  considérable  light  on  the  remarkable  influence 
exerted  by  mercury  salts  in  bringing  about  the  formation  of  acet- 
aldehyde from  acétylène  in  the  présence  of  watei*. 

Royal  Naval  Collège, 
Greenwich. 
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LIV. — Tke  Action  of  Carbon  Monoxide   on  Ammonia. 

By  Herbert  Jackson  and  Dudley  Northall-Laurie. 

When  a  mixture  of  dry  carbon  monoxide  and  ammonia  is  heated 
in  the  présence  of  platinum,  subjected  to  the  sileut  electrical  dis- 
charge, to  electric  sparking,  or  treated  with  the  high  frequency 
curreut,  combination  occm's,  and  ammonium  cyanate  is  formed  as 
the  main  product,  which,  as  the  température  rises,  is  rapidly  con- 
verted  into  carbamide. 

Kuhlmann  {Annalen,  1841,  38,  62),  who  passed  carbon  monoxide 
and  ammonia  over  heated  platinvim  black  and  obtained  ammonium 
cyanide,  gave  the  reaction  as 

CO  +  2NH3  =  NH^-CN  +  H2O, 

and  this  équation  has  generally  been  accepted  as  representing  the 
behaviour  of  the  two  gases  when  heated  together. 

We  find  that  the  amount  of  cyanide  formed  is  small,  and  that 
the  main  réaction  is  not  the  one  indicated  above. 

After  varions  trials  with  différent  forms  of  apparatus,  it  was 
found  that  a  spiral  of  platinum  wire  sealed  inside  a  giass  bvilb,  and 
heated  by  the  electric  current,  gave  the  best  results,  and  enabled 
us  to  study  the  réaction  at  différent  stages.  The  following  observa- 
tions were  made. 

On  heatiug  the  spiral,  a  white  cloud  was  immediately  formed, 
which  condensed  on  the  upper  part  of  the  bulb.  As  the  heat  in- 
creased,  this  condensation  melted,  and  crystals  appeared  lower  down 
in  the  bulb.  Water  was  formed  as  the  experiment  proceeded,  and 
by  long  continued  action  a  white  solid  was  obtained  on  the  cooler 
parts  of  the  bulb.  After  many  hours,  small  amounts  of  a  brown 
substance  were  also  obtained. 

Analyses  of  the  varions  products  gave  the  following  results. 
The  first  white  solid  was  found  to  be  ammonium  cyanate.  The 
crystals  formed  gave  the  reactions  and  the  percentage  numbers  for 
carbamide.  The  white  solid  from  the  cooler  parts  of  the  bulb  was 
found  to  be  ammonium  carbonate,  and  was  proved  to  be  due  to  the 
action  of  water  on  a  portion  of  the  carbamide.  The  brown  solid 
could  not  be  obtained  in  sufficient  quantity  for  comj^lete  analysis, 
but  gave  the  x'eactions  of  polymerised  cyanogen  compounds.  In  the 
cooler  tubes  leading  from  the  bulb,  more  ammonium  carbonate  was 
found  mixed  with  the  small  amount  of  anmionium  cyanide  formed. 
This  amount  was  always  found  to  be  vei'y  small,  and  bore  no  re- 
lation to  the  amount  of  carbamide  formed,  which  in  one  experiment 
weighed    a    little    over    ten    grams.     Roughly,    this    quantity    of 
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carbamide  required  about  eiglit  litres  of  carbou  monoxide,  this  gas 
being  always  in  excess  under  the  conditions  of  the  experiment.  No 
biuret  was  formed,  although  the  température  was  higli  enougii  in 
jDarts  of  the  bulb  to  allow  of  its  formation.  The  présence  of  free 
ammonia  would  account  for  this,  for  on  passing  this  gas  over  heated 
carbamide  the  latter  remains  unaltered,  although  the  température 
may  be  well  above  that  required  for  the  production  of  biuret. 

The  gases  which  jaassed  from  the  apparatus  were  frequently 
analysed,  and  found  to  consist  of  carbon  monoxide,  hydrogen, 
méthane,  and  nitrogen.  N'umerieal  results  for  thèse  gases  were 
obtained  in  several  cases,  but  as  the  j^roportions  of  the  différent 
constituents  varied  with  the  conditions  of  the  experiment,  it  is 
not  necessary  to  give  the  results  in  détail,  as  they  would  be  little 
more  than  statistical  and  misleading  without  elaborate  description 
of  ail  the  conditions  of  each  experiment. 

Referring  to  the  various  methods  of  bringing  about  the  action 
between  carbon  monoxide  and  ammonia,  it  may  be  generally  stated 
that  the  heated  spiral  of  platinum  wire,  heated  platinised  asbestos, 
and  the  ordinary  spark  from  an  induction  coil  gave  the  best  yields 
of  ammonium  cyanate  and  carbamide,  whilst  the  silent  discharge 
and  high  frequency  current  favoured  the  production  of  complicated 
cyanogen  compounds.  We  intend  to  study  thèse  efïects  more  fully 
in  experiments  on  the  polymerising  effect  of  high  frequency  currents. 

There  are  many  possible  ways  of  representing  the  formation  of 
carbamide  in  the  circumstances  described,  but  so  far  as  we  can  gather 
from  synthetical  and  analytical  results  and  from  the  amounts  of 
hydrogen  formed,  the  simplest  view  appears  to  be  the  formation  of 
ammonium  cyanate,  thus  : 

CO  +  2NH3  -  OCN-NH^  +  H2, 

and  its  subséquent  change  into  carbamide.  The  interaction  of  free 
hydrogen  with  carbon  monoxide  furnishes  the  water  and  the 
méthane.  A  careful  study  of  the  reaction  made  by  working  on  a  large 
scale  and  stopping  as  soon  as  the  first  cloud  was  well  formed  showed 
that  the  first  and  immédiate  change  was  the  production  of 
ammonium  cyanate  and  hydrogen,  and  that  the  other  substances 
obtained  were  the  resuit  of  subséquent  reactions,  which  became  the 
more  complicated  the  longer  the  time  during  which  the  action  was 
allowed  to  continue. 
King's  Collège, 

LONDON,    W.C. 
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LV. — The   Condensation  oj  Plicnyhjlycuioacetic  Esters 
in   Présence    of  Sodium   Alkyloxides. 

By  Alfred  Theophilus  de  Mouilpied. 

The  reaction  taking  place  between  ethyl  phenylglycine  and  sodium 
alkyloxides  bas  been  investigated  by  Vorlander  and  the  autlior  {Ber., 
1901,  33,  2467).  Condensation  resulted,  but  the  products  varied  witli 
the  Suivent  employed.  In  alcoholic  solution,  the  anhydride  ay-diphenyl- 
diacipiperazine  was  formed,  whilst  in  benzène  solution  an  isomeride 
was  obtained  having  vevj  différent  properties.  This  was  found  to  be 
anilino-iV-phenylhydroxypyrroline,  analogous  to  the  compounds  obtained 
by  Riigheimer  with  the  esters  of  hippuric  acid.  This  condensation  to 
ring  compounds  by  the  loss  of  two  molécules  of  alcohol  led  me,  at  the 
suggestion  of  Professor  Vorlander,  to  examine  the  reaction  taking 
place  between  sodium  alkyloxides  and  a  number  of  substituted  alkyl 
phenylglycinoacetates,  both  when  alone  and  in  présence  of  a  tliird 
substance  such  as  benzaldeliyde  or  ethyl  oxalate. 

This  investigation  seemed  to  be  of  interest,  because  the  use  of  sodium 
ethoxide  in  the  synthesis  of  ring  compounds  by  a  reaction  analogous  to 
the  formation  of  ethyl  acetoacetate  bas  been  comparatively  limited.  The 
condensations  undergone  by  succinic  and  malonic  esters  are  well 
known  and  ring  formations  of  this  type  bave  also  been  studied  by 
W.  Wislicenus  {Annalen,  1888,  246,  252)  and  by  Auwers  {Ber.,  1893, 
26,  364).  We  owe  to  W.  Dieckmann,  who  bas  applied  it  with  great 
success  to  the  higher  members  of  the  group  of  the  fatty  dibasic  acids, 
the  most  important  récent  development  of  the  method  {Ber.,  1904,  27, 
965;  Annalen,  1901,  27,  317).  He  found  that  the  formation  of 
penta-  and  hexa-methylene  deriyatives  took  place  easily,  that,  the 
formation  of  seven-membered  rings  was  far  more  difficult  and  that  it 
was  impossible  to  obtain  rings  containing  less  than  five  or  more  than 
seven  members,  results  which  are  in  accord  with  von  Baeyer's  "  strain 
theory."  The  method  is  extended  in  this  work  to  the  esters  of  dibasic 
acids  containing  a  nitrogen  atom  linked  to  a  phenyl  group  in  the  place 
of  a  méthylène  group. 

The  objects  in  view  were  : 

1.  To  study  the  influence  of  the  nitrogen  atom. 

2.  To  see  whether  the  unsaturated  condition  of  the  nitrogen  had  a 
further  effect. 

Ethyl    phenylglycinoacetate    may   thus    be    compared     with     ethyl 

glutarate,  C^iH5-N(CH2-C02-OoH.)o  with  CHo(CHo-CO.-CoH^)o,  and  the 
nitrogen    in    the    former    may    be   regarded  as   unsaturated.     In  this 
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particular  case,  experiinents  showecl  that  coudensation  could  not  be 
induced  and  that  saponification  alone  takes  place. 

On  the  other  hand,  etliyl  phenylglycinopropionate,  wliicli  is 
described  later,  condensed  in  présence  of  sodium  ethoxide  to  a 
phenylhydroxypyrroline  derivative,  behaving  in  the  same  manner  as 
ethyl  adipate.  Up  to  this  point,  therefore,  the  nitrogen  has  no  spécial 
influence  beyond  the  fact  that  the  yields  are  somewhat  inferior  to 
those  obtained  by  Dieckmann. 

The  reaction  next  investigated  was  that  found  to  take  place  between 
ethyl  phenylglycinoacetate  and  benzaldehyde  in  benzène  solution  and 
in  the  présence  of  the  theoretical  amount  of  sodium  ethoxide.  The 
produet  which  has  the  formula  C^gH^gO^N  and  the  following  con- 
stitution,    CO<C^pTT  .Tsjpi  ^CH'COg'CgHg,  is  a  lactone,  yielding  the 

corresponding  acid  on  saponification.  Ethyl  o-tolylglycinoacetate 
behaved  similarly. 

The  most  interesting  results  were  obtained  in  conséquence  of  the 
condensations  brought  about  by  sodium  alkyloxides  between  varions 
esters  of  phenylglycinoacetic  acid  and  oxalic  acid. 

Ethyl  phenylglycinoacetate  (1  mol.),  ethyl  oxalate  (1  mol.),  and 
sodium  ethoxide  (2  mois.),  when  heated,  interact  energetically  and 
completely,  and,  on  acidifying  the  sodium  sait  obtained,  a  well-defined 
crystalline  produet  separated  which  melted  at  137°. 

It  was  thought  at  first  that  this  compound  was  a  pentamethylene 
derivative  obtained  in  the  following  manner  : 


C  H  N<^^'(^^2Et)  H  EtOOÇ  ç,  jj  .-^/CH(C02Et)-Ç0 

•^    ^        CH-(CO^Et)H  EtOOG       ~^         "^    ^*        CH(C02Et)-C0 

Analysis  led  to  the  formula  C^qHjyO^N,  which  accords  with  this 
supposition,  but  the  properties  of  this  substance  were  found  to  differ 
greatly  from  those  of  the  compound  obtained  by  Dieckmann  on  con- 
densing  ethyl  glutarate  and  oxalate  in  présence  of  sodium  ethoxide, 
It  was  expected  that  on  saponification  with  dilute  acids  a  ketonic 
hydrolysis  would  take  place,  yielding  a  new  type  of  ortho-diketonic 
five-membered  ring  with  the  group  N-CgH^  replacing  one  of  the 
méthylènes  of  the  pentamethylene  nucleus.  But  saponification  could 
not  be  brought  about,  either  by  acids  or  alkalis,  whether  on  heating 
or  af ter  prolonged  digestion  at  the  ordinary  température.  This  seemed 
to  preclude  the  présence  of  carboxyl  groups  in  the  manner  suggested 
and  also  the  foregoing  formation. 

No  action  took  place  between  the  compound  and  hydroxylamine  or 
phenylhydrazine  ;  in  fact,  it  crystallised  unchanged  from  the  latter. 
Further,  it  is  insoluble  in  aqueous  sodium  carbonate  in  the  cold,  but 
dissolves  in  sodium  hydroxide   with  the  foi-mation  of  a  yellow  sait. 
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The  alcoholic  solution  gives  a  l'eddish-blue  coloration  with  ferrie 
chloride,  and  tlie  coiiipound  is  precipitated  from  an  ethereal  solution  by 
means  of  dry  ammonia.  Finally,  it  reacts  with  phenylcarbiinide. 
Thèse  properties  indicate  the  enolic  character  of  the  substance,  and  the 
existence  of  a  yellow  sodium  sait  suggested  the  possibility  of  a 
quinonoid  structure  arising  in  the  foUowing  way  : 


'6^^5 


~CH  H  i-COoEt        COOEt 


c  H  •N<^^2 CO;OEt  _^    ç,jj  ^CO-0-C-CO^Et  __^ 

'    '         C-(CO.,Et):C(0|H)  •CU.Et  '    NPh-C-C(),Et 

^NPh C-CO^Et  ■ 

This  formula  explains  several  of  the  properties  of  this  new  sub- 
stance, but  does  not  account  for  the  fact  that  it  does  not  undergo 
saponification.  A  substance  of  this  type  described  by  Guthzeit  and 
Dressel  {Ber.,  1893,  26,  2795)  was  readily  saponified. 

Ethyl  phenylglycinoacetate  still  possesses  some  basic  properties  and 
dissolves  in  hydrochloric  acid,  but  this  compound  is  insoluble. 

The  manner  in  which  the  molécules  of  alcohol  are  split  ofl:  was  next 
investigated.  If  both  the  -OR  groups  come  from  the  ethyl  oxalate, 
as  they  do  in  the  Dieckmann  condensations,  then  it  is  immaterial 
whether  methyl  or  ethyl  oxalate  be  used  ;  the  product  would  be  the 
same  in  both  cases  : 


^^    ^CH-(CO,Et)iH         ROOC      ^    ^«^^  ^CH(CO,Et)-CO 

But  on  condensing  ethyl  phenylglycinoacetate  with  methyl  oxalate 
in  présence  of  sodium  ethoxide,  a  substance  was  obtained  melting  at 
146—147°. 

The  third  factor  was  then  altered,  and  it  was  found  that  the  final 
resuit  depended  on  whether  sodium  methoxide  or  ethoxide  were  used. 
Methyl  phenylglycinoacetate  was  then  prepared,  and  ail  the  possible 
condensations  were  carried  out  with  the  following  results  : 
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The  influence  of  the  introduction  of  metliyl  groups  on  the  melting 
point  is  clearly  shown,  and  it  is  of  interest  to  note  that  the  first  con- 
densation takes  place  far  more  readily  than  the  last.  The  methyl 
group  exerts  its  maximum  eiïect  when  introduced  as  methoxide. 
Some  of  thèse  products  are  identical  ;  using  Ihe  same  alkyloxide,  it  is 
immaterial  whether  methyl  phenylglycinoacetate  and  methyl  oxalate 
or  ethyl  phenylglycinoacetate  and  methyl  oxalate  are  employed  ;  the 
esters  are  interchangeable. 

In  the  other  cases,  we  are  probaljly  dealing  with  structural  iso- 
merides,  and  it  is  hoped  that  further  work  will  establish  their 
constitution. 

The  compound  ha  vin  g  the  formula  C^gH^^O^jN  and  melting  at  137° 
lias  been  more  specially  investigated.  A  completely  satisfactory  con- 
stitutional  formula  has  not  been  established,  but  the  results  obtained 
show  that  thèse  con(f ensations  give  rise  to  compounds  diifering  very 
much  from  those  obtained  by  Dieckmann,  and  that  this  dilïerence 
must  be  due  to  the  fact  that,  in  the  compounds  used  by  the  author,  a 
nitrogen  atom  linked  to  a  phenyl  group  takes  the  place  of  a  méthylène 
group. 

Expérimental. 
Freparation  of  Phenylglycine. 

Several  methods  of  préparation  hâve  been  described,  but  the  yields 
are  not  very  satisfactory.  Michelson  and  Lippmann  (Compt.  rend., 
1865,  61,  739),  Schu'tzen  and  Nencki  (JBer.,  1869,  2,  570),  aod 
Sjhwebel  (Ber.,  1876,  10,  2045)  caused  aniline  and  chloro-  or  bromo- 
acetic  acid  to  interact  in  ethereal  solution.  Hausdorfer  {Ber.,  1890, 
23,  1987),  "who  allowed  them  to  react  in  présence  of  crystallised 
sodium  acétate  and  a  little  water,  obtained  a  yield  of  26  —  30  per  cent. 

The  following  method  was  adopted.  A  mixture  of  95  grams  (1  mol.) 
of  chloroacetic  acid,  186  grams  of  aniline  (2  mois.),  and  500  ce.  of  water 
was  heated  on  the  water-bath  for  li  hours,  shaking  frequently,  the 
hot  liquid  was  poured  into  a  dish,  and  the  crystalline  product  collected 
and  washed  with  cold  water  until  free  from  hydrochloric  acid.  The 
yield  varied  between  105  and  120  grams,  that  is,  between  70  and  80  per 
cent.  When  prepared  in  this  way,  the  product  contains  a  small  pro- 
portion of  phenyl glycinoacetic  acid,  which  is  no  disadvantage  in  view 
of  the  next  step. 

Prejjaration  of  Phenylglycinoacetic  Acid. 

This  substance  was  prepared  by  the  method  given  by  Yorlander  and 
Mumme  for  o-tolylglycinoacetic  acid  {Ber.,  1903,  36,  1470)  :  74-5  grams 
of  chloroacetic  acid  (2  mois.)  and  197  grams  (1|  mois.)  of  soda  crystals 
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are  dissolved  in  200  ce.  of  water  ;  61  grams  (1  mol.)  of  phenylglycine 
are  then  gradually  added  and  the  mixture  warmed  until  ail  has  dis- 
solved. The  whole  is  then  heated  for  2  hours  in  a  boiling  water-bath. 
On  adding  strong  hydrochloric  acid  to  the  liquid,  a  milkiness  appears, 
which  disappears  on  adding  an  excess.  After  some  time,  the  phenyl- 
glycinoacetic  acid  crystallises  out,  and  it  should  be  filtered  off  at  once 
and  washed  at  the  pump  with  cold  water  until  free  from  hydrochloric 
acid.     The  yield  is  60 — 70  per  cent. 

The  proportions  were  varied  at  différent  times,  as  also  the  period  of" 
heating,  and  in  one  case  anhydrous  sodium  carbonate  was  used,  but 
the  foregoing  quantities  gave  the  best  results. 

The  acid  crystallises  from  ether  in  four-  or  six-sided  plates,  and  from 
hot  water  in  small  pyramids  melting  at  155 — 156°. 

Préparation  of  Ethyl  Phenylglycinoacetate. 

Fifty  grams  of  the  acid  were  heated  on  the  water-bath  for  6  hours 
with  quantities  of  absolute  alcohol  varying  from  100  to  500  grams  in 
présence  of  2f>  grams  of  concentrated  sulphuric  acid.  The  influence 
of  the  amount  of  alcohol  used  was  small  provided  that  at  least  four 
times  the  theoretical  amount  was  used  ;  the  yield  of  ester  from 
50  grams  of  acid  varied  from  30  to  39  grams. 

The  product  was  poured  into  water,  the  oily  ester  separated  off  and 
dissolved  in  ether,  the  ethereal  solution  washed  with  dilute  aqueous 
sodium  carbonate  and  dried  over  anhydrous  sodium  sulphate.  After 
evaporating  off  the  ether,  the  ester  was  distilled  under  diminished 
pressure  and  came  over  at  195 — 200°  under  17  mm.  pressure,  the  main 
fraction  boiling  at  197 — 198°.  The  ester  is  a  heavy,  colourless  oil, 
the  alcoholic  solution  of  which  gives  no  coloration  with  ferrie  chloride. 

0-2879  gave  0-6640  COg  and  0-1880  ÏÏ2O.     C  =  63-04;  H  =  7-25. 
C14ÏÏ1AN  requires  C  =  63-39  ;'h  =  7-17  per  cent. 

In  this  distillation,  a  fraction  boiling  some  30 — 40°  higher  than  the 
normal  ester  was  always  obtained.  This  less  volatile  substance  dis- 
solved in  sodium  carbonate  with  effervescence  and  was  titrated  against 
standard  baryta  solution.  0-8528  gram  dissolved  in  absolute  alcohol 
required  5-0  ce.  baryta  [1  ce.  =^0  00605  Ba(0H)2],  giving  a  molecular 
weight  of  241,  the  molecular  weight  of  the  acid  ester  being  237.  This 
non-volatile  fraction  thus  eonsists  of  the  acid  ester  of  phenylglycino- 
acetic  acid,  COgH-CHg'NPh-CHg-COgEt  (see  p.  441). 

Methyl  phenylglycinoacetate  was  prepared  in  a  similar  manner  ;  it 
is  an  almost  colourless  oil  which  distils  over  at  210 — 211°  under 
18  mm.  pressure;  50  grams  of  the  acid  gave  50  grams  of  the  ester, 
the  yield  being  52  per  cent. 

11  11  2 
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Préparation  of  o-Tolylglycinoacetic  Acid. 

Tolylglycine  was  first  prepared  in  the  manner  described  for  phenyl- 
glycine,  from  o-toluidine  and  chloroacetic  acid.  The  o-tolylglycinoacetic 
acid  was  prepared  in  the  same  way  as  the  phenyl  compound.  When 
recrystallised,  it  melts  at  154 — 156°  with  slight  décomposition. 

Ethyl  o-tolylglycinoacetate,  C5.H-N(CHo'COoOoH-)o,  was  prepared 
in  the  manner  described  for  the  phenyl  ester  ;  it  distils  at  205 — 207° 
under  16  mm.  pressure  as  a  viscid,  colourless  oil,  which  readily  crystal- 
lises  in  beautiful  needles  melting  at  59 — 60°.  The  alcoholic  solution 
gives  no  coloration  with  ferrie  chloride. 

0-4021  gave  IS'O  ce.  nitrogen  at  15-5°  and  762  mm.     N  =  5-21. 
CjgHoiOjN  requires  N  =5-02  per  cent. 

Action  of  sodium  ethoxide  on  ethyl  phenylglycinoacetate.  (a)  In 
benzène  solution  :  1*2  gram  of  sodium  (1  atom)  in  theform  of  wire  was 
placed  in  dry  benzène  and  rather  more  than  the  theoretical  amount  of 
alcohol  for  conversion  with  ethoxide  added.  When  the  sodium  had  dis- 
appeared,  13'25  grams  (l  mol.)  of  ethyl  phenylglycinoacetate  wereadded, 
and  after  standing  12  hours  the  whole  was  heated  for  1 J  hovirs.  Water 
was  then  added,  the  benzène  layer  separated  off,  and  the  aqueous  part 
was  aciditied  with  hydrochloric  acid  ;  nothing  was  precipitated,  nor 
could  anything  be  extracted  with  ether.  Condensation  does  not  take 
place,  and  this  ester  behaves  like  ethyl  glutai-ate.  The  benzène 
portion  yielded  on  evaporation  a  very  small  amount  of  a  white  substance, 
which,  sparingly  soluble  in  water  and  alkalis,  dissolved  readily  in 
alcohol,  acétone,  or  ethei\  Its  alcoholic  solution  gave  a  violet  colora- 
tion with  ferrie  chloride.  The  compound  crystallised  from  alcohol  in 
needles  melting  at  170°.  On  warming  the  substance  with  water,  the 
latter  acquired  an  alkaline  reaction,  and  with  hydrochloric  acid  a 
gummy  product  was  obtained.  On  attempting  to  analyse  the  substance, 
it  was  found  to  leave  an  ash  on  combustion,  and  the  percentage  of 
sodium  was  determined. 

0-2522  gave  0-0344  Na^SO^.     Na  =  4-42  per  cent. 

This  sodium  sait  of  high  molecular  weight  has  the  exceptional  pro- 
perty  of  being  soluble  in  benzène,  but  dissolving  only  with  difficulty 
in  water. 

{h)  In  alcoholic  solution,  the  ester  is  partially  saponified.  After 
heating  for  half  an  hour  on  the  water-bath,  a  sodium  sait  was  pre- 
cipitated, which  was  coUected,  decomposed  with  hydrochloric  acid,  and 
extracted  with  ether.  The  product,  which  crystallised  from  hot  water 
and  melted  at  121 — 122°,  is  the  acid  ester, 

COoH-CHg-NPh-CH^-CO^Et, 
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already  described  in  the  liquid  form  (see  p.  439).  This  is  proved  by 
tlie  fact  that  on  further  saponification  with  50  per  cent,  caustic  potash 
it  yiolded  phenylglycinoacetic  acid  (m.  p.  155 — 156°).  Similarly  no 
condensation  products  were  obtained  in  the  case  of  ethyl  o-tolylglycino- 
acetate. 

I^-Phenylglycinoprojnonic  Acid  and  its  Esters. 
Préparation  of  the  Ethyl  Eder,  Q^Yi.^'^{QIL.^-Q0.2^t)'C'E..^'OIi.^-QOM. 

A  mixture  of  10  grams  of  ;8-iodopropionic  acid  (1  mol.)  and  18  grams 
of  ethyl  phenylglycine  (2  mois.)  was  heated  at  90°  in  the  water-bath 
for  2J  hoiu'S  ;  the  viseid  oily  product  obtained  was  treated  several 
times  with  aqueous  sodium  carbonate  to  neutralise  the  acid  ester 
formed,  and  theexcess  of  ethyl  phenylglycine  was  extracted  with  ether, 
A  slight  excess  of  hydrochloric  acid  was  added,  and  the  liquid  repeatedly 
extracted  with  ether,  owiug  to  the  solubility  of  the  ester  in  the  acid. 
After  drying  and  evaporating  oiï  the  ether,  a  viseid,  faintly  yellow  oil 
was  obtained,  which  did  not  solidify  in  vacuo  ;  the  yield  was  10 — 12 
grams. 

0-2318  gave  10-6  ce.  nitrogen  at  16°  and  766  mm.     N  =  5-38. 
C^gïïj^O^N  requires  5-58  per  cent. 

0"5628  required  for  neutralisation  15-0  ce,  baryta  solution. 
[1  ce.  =  0-0125  Ba(0H)2].     Equivalent  found,  250-6. 
C^gH^.O^N"  requires  251. 

Préparation  ofthe  Isomeric  Ester,  CgHg-N(CH2-C02ÏÏ)-CH2-CHo'C02Et. 

Ethyl  )8-iodopropionate  was  first  prepared  by  heating  together  for 
4  hours,  50  grams  of  the  acid  with  200  grams  of  absolute  alcohol  con- 
taining  1  per  cent,  of  dry  hydrogen  chloride  (Harris,  Ber.,  1896,  29, 
513). 

To  prépare  ethyl  y8-anilinopropionate,  C^H-'NH'Cïï^'Cïïg'COoEt, 
46  grams  of  ethyl  ^-iodopropionate  (1  mol.)  were  heated  for 
20  minutes  at  80°  with  38  grams  (2  mois.)  of  aniline.  Condensation 
took  place  with  the  séparation  of  aniline  hydriodide.  The  mixture 
was  shaken  up  with  water,  and  the  heavy  oily  product  extracted 
with  ether  and  dried  over  potassium  carbonate.  This  oil  distilled  at 
175°  under  18  mm.  pressure,  the  yield  being  30  grams. 

Condensation  of  this  Ester  with  Chloroacetic  Acid. — It  was  found 
advantageous  to  work  with  small  quantities.  Eight  grams  (2  mois.) 
of  ethyl  yS-anilinopropionate  were  heated  in  the  water-bath  with 
2  grams  (1  mol.)  of  chloroacetic  acid  lor  3  hours.  When  cold  the 
solid  mass  was  shaken  up  with  aqueous  sodium  carbonate,  and  any 
unchanged  ester  extracted  with  ether.  After  acidifying  with  hydro- 
chloric acid,  the   liquid   was  repeatedly  extracted    with    ether.     Tiie 
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ethereal  solution  yielded  on  evaporation  an  oil  which  solidified  under 
diminished  pressure.  The  ester  crystallises  from  aqueous  methyl 
alcohol  in  rhombic  prisms  melting  at  60 — 61°.  Its  alcoholic  solution 
gives  no  coloration  with  ferrie  chloride. 

0-2096  gave  10-1  ce.  nitrogen  at  16-5°  and  766  mm.     N  =  5-65. 
Cj3H^,^04N  requires  5-58  per  cent. 

0-1517  required  for  neutralisation  17 '4  baryta  solution  of  factor 
0-0374.     Equivalent  found,  238.     OisH^yO^N  requires  254. 

l3-Phenylglî,cinopropionicAcid,GQli^'l^{CR^'CO^nyCB.^'CB.^-C0^1î. 
— This  acid  was  obtained  by  the  saponiti cation  of  both  the  acid  esters 
just  described,  a  reaction  which  is  best  brought  about  by  weak  alkali 
at  80°.  The  potassium  sait  was  obtained  in  needles  which  were  de- 
composed  by  dilute  hydrochloric  acid,  and  the  solution  was  extracted 
with  ether.  The  solid  obtained  on  evaporation  was  recrystallised  from 
benzène  and  a  little  light  petroleum,  and  separated  out  in  white 
needles  melting  at  137°.  This  acid  décomposes  on  heating,  and  its 
alcoholic  solution  gives  a  reddish-brown  coloration  with  ferrie  chloride. 

0-1560  gave  0-3360  CO2  and  0-0888  H^O.     C  =  58-94  ;  H  =  632. 

CUH13O4N  requires  C  =  59-19.     H  =  582  per  cent. 

0-0959  required  for  neutralisation  23*2  ce.  baryta  solution. 

[1  ce  =  0-0032  Ba(0H)2].     Equivalent  found,  110-5. 

CjiHjgO^N  requires  111-5. 

Ethyl  fi-Phenylyhjcinopropionate. — The  normal  ester  was  prepared 
from  both  the  acid  esters,  but  it  is  best  obtained  from  the  liquid  ester, 
for  in  the  préparation  of  the  solid  ester  one-half  of  the  ethyl  j8-anilino- 
propionate  used  is  lost.  Twenty-five  grams  of  the  liquid  acid  ester 
were  boiled  for  6  hours  with  250  grams  of  absolute  alcohol  and  25 
grams  of  concentrated  sulphuric  acid.  The  product  was  worked  up  in 
the  usual  way  and  21  grams  of  the  diethyl  ester  obtained.  This 
boils  at  210 — 211°  under  16  mm.  pressure  as  a  colourless,  viscid  oil. 

0-3192  gave  0-7539  COo  and  0-2153  ÏÏ2O.     0  =  64-44;  H  =  7-50. 

0-3190     „     14-0  ce  nitrogen  at  15-5°  and  765  mm.     N  =  5-16. 

C15H21O4N  requires  0  =  64-51  ;  H  =  7-53  ;  N  =  502  per  cent. 

Action  of  Sodium  Ethoxide  on  Ethyl  ^-Phenylglycinopropionate. — 
1-2  grams  of  sodium  wire  (1  atom)  were  placed  in  40  ce.  of  dry 
benzène  and  heated  up  with  rather  more  than  the  theoretical  amount 
of  absolute  alcohol  until  the  métal  had  disappeared.  To  this  were 
then  added  14  grams  (1  mol.)  of  the  ester,  and  the  mixture  was  boiled 
for  ^  to  f  of  an  hour  in  a  reflux  app^ratus.  As  a  rule,  the  sodium 
sait  which   separated   was  shaken  up  with   water  and    the  benzène 


ESTERS    INT    PllESEXCE   OF   SODIUM    ALKYLOXIDES.  448 

froai  the  aqueous  layei'.  The  addition  of  a  small  amount  of 
ether  destroys  the  emulsion  which  tends  to  form.  The  aqueous  part 
is  puritied  by  shaking  up  with  ether,  and  the  last  traces  of  the  latter 
are  removed  by  aspiration.  On  pasc-ing  carbon  dioxide  through  the 
solution,  a  white  substance  is  precipitated.  If  acetic  acid  is  used,  the 
precipitate  is  crystalline.  The  acidified  solution  may  also  be  extracted 
with   ether,  from  which  the  substance  crystalli?es  in  needles. 

The  following  method  was,  however,  found  to  be  more  satisfactory. 
The  sodium  sait  is  collected  and  washed  with  a  little  alcohol  and 
ether  ;  it  is  dissolved  in  water,  the  filtered  solution  being  then  acidified 
with  acetic  acid,  when  the  white  substance  séparâtes  in  a  fairly  pure 
condition.  This  compound  crystallises  from  aqueous  alcohol  in  small, 
hexagonal  plates  and  from  alcohol  in  needles  ;  it  melts  at  69 — 70°. 

0-2012  gave  0-4904  CO^  and  0-1218  H^O.     C-66-51  ;  H  =  6-70. 
0-2338     „     11 -1  ce.  of  nitrogen  at  16-3°  and  768  mm.     N  =  6-15. 

CigHjjOgN  requires  0  =  6695;  H  =  6-43;  N  =  6-01  percent. 
0-1256  in  16-1699  naphthalene  gave  Ai  =  0-223^  ;  M.  W.  =  242. 
C^gH^gOgN  requires  M.  W.  =  233. 

The  alcoholic  solution  gives  a  dark  violet  coloration  with  ferrie 
chloride.  The  substance  dissolves  in  warm  aqueous  sodium  cai"bonate, 
but  the  sodium  sait  sepai'ates  on  cooling  ;  it  is  soluble  in  hydrochlorie 
acid,  but  not  so  readily  in  caustic  alkali.  A  coloured  product  is  not 
obtained  either  by  treatment  with  fuming  sulphuric  acid  or  after  fusion 
with  caustic  potash.  With  phenylhydrazine,  a  light  yellow  product 
is  obtained,  melting,  after  recrystallisation  from  alcohol,  at  160 — 161°. 

Dieckmann  found  that  ethyl  adipate  condensed  in  présence  of  sodium 
ethoxide  to  ethyl  /3-ketopentamethylenecarboxylate  by  the  loss  of  one 
molécule  of  alcohol.  This  reaction,  if  on  corresponding  lines,  would 
yield  a  substance  having  the  empirical  formula  C^3Hj503N,  and  both 
the  analysis  and  the  molecular  weight  found  agrée  with  this.  The 
colour  reaction  with  feri-ic  chloride  pjints  to  an  enolic  form,  as  does 
the  existence  of  salts.  This  copipound  has  thus  in  ail  probability  the 
follow'ing  constitution  : 

and  is  ethyl  phenylhydroxypyrrolinecarboxylate. 

The  saponification  of  this  ester  is  not  easily  effected  by  alkalis.  The 
ester  was  dissolved  in  alcohol,  an  excess  of  50  per  cent,  caustic  potash 
added,  and  the  whole  heated  on  the  water- bath.  The  potassium  de- 
rivative  sepai-ates  out  first,  as  was  shown  by  the  fact  that  on  acidify- 
ing  it  yields  the  original  ester  melting  at  68°.  After  heating  for 
two  hours,  the  solid  disappeared  ;  the  filtered   solution   was  acidified 
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with  dilute  svilphuric  acid  and  extracted  12  limes  with  ether.  The 
acid  was  obtained  on  evaporation  ;  it  crystallised  from  water  and 
melted  at  143—144°. 

0-1116  gave  6'1  ce.  of  nitrogen  at  16-1°  and  765  mm.     N  =  6-42. 
C^^H^jOgN  requires  N  =  6'83  per  cent. 

The  acid  is  soluble  in  cold  aqueous  sodium  carbonate  and  in  acids. 
The  alcoholic  solution  gives  no  coloration  with  ferrie  chloride.  When 
the  acid  was  heated  at  170 — ISO'^  for  15  minutes,  carbon  dioxide 
was  eliminated.  The  oily  product  was  dissolved  in  alcohol  and  warmed 
with  a  little  ferrie  chloride,  when  a  greeuish-blue  precipitate 
was  formed.  Tliis  was  collected,  washed,  and  dried,  and  treated  with 
pure  concentrated  sulphuric  acid  ;  on  warming,  a  violet  eolour  was  pro- 
duced.  The  amount  of  substance  obtained  was  so  small  that  further 
investigation  was  not  possible.  This  eolour  réaction  is,  however, 
interesting,  because  it  may  be  compared  with  the  behaviour  of  phenyl- 
methylpyi'azolone  (Knorr,  Amialen,  1887,  238, 172).  On  warming  an 
alcoholic  solution  of  ethyl  ^-phenylglycinopropionate  with  sodium 
ethoxide,  the  ester  is  partially  saponified,  and  the  solid  ester, 
C6H5-N(CH2-COoH)-CH2-CH,-C02Et  (m.  p.  60—61°),  is  obtained. 

Condensation  of  Ethyl  Phenylglycinoacetate  with  Benzaldehyde. — 
Claisen  {Ber.,  1890,  23,  976)  obtained  ethyl  cinnamate  by  the  action 
of  sodium  on  a  mixture  of  ethyl  acétate  and  benzaldehyde.  Stobbe 
{Ber.,  1894,  27,  2405),  using  ethyl  succinate,  obtained  ethyl  phenyl- 
itaconate.  K  Fittig  {Annalen,  1894,  282,  334)  prepared  benzylidene- 
glutaric  acid  by  acting  on  a  mixture  of  equal  molécules  of  glutaric 
acid  and  benzaldehyde.  In  the  author's  experiments,  2 6 '5  grams  (1 
mol.)  of  ethyl  phenylglycinoacetate  were  dissolved  in  100  grams  of 
anhydrous  benzène  ;  then  2-3  grams  of  sodium  (1  atom)  as  wire  were 
introduced  in  the  cold,  and  to  this  were  added  10-6  grains  (1  mol.)  of 
freshly  distilled  benzaldehyde.  After  some  20  minutes,  the  mixture 
became  brown,  much  beat  was  developed,  and  an  energetic  reaction 
took  place,  which  was  moderated  by  cooling.  After  a  few  hours,  ail 
the  sodium  had  disappeared  and  the  mixture  became  very  dark. 
Water  was  now  added  and  the  benzène  separated  from  the  aqueous 
layer.  The  benzène  portion  was  shaken  with  water  until  the 
aqueous  extract  no  longer  gave  a  precipitate  with  hydrochloric  acid. 
The  aqueous  part  is  then  cleared  by  shaking  with  a  little  ether, 
and  finally  purified  by  aspiration.  On  passing  a  stream  of  carbon 
dioxide  through  the  solution,  a  lightyellow  substance  was  precipitated, 
and  of  this  12  grams  were  obtained.  A  second  precipitate  was  pi-o- 
duced  on  adding  hydrochloric  acid  to  the  filtrate,  which  proved  to  be 
identical  with  the  first.  The  total  crude  product,  which  weighed  29 
grams,  tended  to  décompose,  and  after  two  or  three  days  it  became 
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pasty  and  a  gas  was  evolved.  The  substance  is  soluble  in  alcohol, 
benzène,  and  chloroform,  but  does  not  crystallise  very  readily  from 
any  of  thèse  sol  vents  ;  the  alcoholic  solutions  yield  prismatic  plates, 
and  aqueous  alcohol  gives  needles  melting  at  137 — 138°, 

This  substance,  when  pure,  is  light  yellow  ;  it  dissolves  with  diffi- 
culty  in  cold  aqueous  sodium  carbonate,  but  readily  on  warming,  and 
it  is  reprecipitated  unchanged  on  the  addition  of  aeid.  After  heating 
witli  water,  the  solution  acquires  an  acid  reaction,  indicating  the 
possibility  of  the  substance  being  a  lactone.  The  alcoholic  solution 
gives  a  brownish-red  coloration  with  ferrie  chloride.  No  coloured 
product  was  obtained  by  fusion  with  caustic  potash  and  subséquent 
treatment  with  water,  hydrochloric  acid,  and  ferrie  chloride.  When 
heated  up  to  160°,  the  substance  loses  carbon  dioxide,  and  a  dark 
brown,  viscous  liquid  remains  behind. 

0-2584  gave  06633  CO..  and  0-1404  H.,0.     C  =  70-02  ;  H  =  6-03. 
0-2213     „     0-5720  CO,;    „    0-1167  H^O.     C  =  70-47  ;  H  =  5-86. 
01780     „     6-8  ce.  nitrogen  at  12°  and  757  mm.     N  =  4-51. 
CjgH^gO^N  requires  C  =  70-15;   H  =  5-85  ;  ]Sr  =  4-31  per  cent. 

The  properties  of  this  substance  are  those  of  a  lactone  and  its  con- 
stitution is  probably  that  shown  on  p.  436.  The  silver  sait  was 
obtained  as  a  bulky,  yellow  precipitate  which  was  coUected  and  succes- 
sively  washed  with  water,  alcohol,  and  ether,  and  dried  in  an  exhausted 
desiccator.  This  sait  was  prepared  several  times,  but  it  always  con- 
tained  too  much  silver,  owing  possibly  to  some  réduction  having  taken 
place. 

01697  gave  0-0459  Ag.     Ag  =  27-10. 
0-1968     „     0-0530  Ag.     Ag  =  26-96.      ~ 
C\^,HooO-NAg   and    Cj^H^gO^NAg  requii-e  Ag  =  24   and    Ag  =  25   per 
cent,  respectively. 

The  calcium  sait,  obtained  by  heating  an  ammoniacal  solution  of 
the  substance  with  a  20  per  cent,  solution  of  calcium  chloride,  has  a 
yellow  colour. 

0-1912  gave  0-0162  CaO.     Ca  =  8-4. 

(Ci,,HjsO^]S')2Ca  requires  Ca  =  8-14  per  cent. 

A  weighed  amount  of  the  pure  substance  was  dissolved  in  chloro- 
form and  a  solution  containing  2-91  grams  of  bromine  in  100  grams 
of  this  solvent  added  until  the  colour,  which  disappeared  rapidly  at 
first,  became  permanent.  The  amount  added  corresponded  with 
3  molécules  of  bromine,  and  hydrogen  bromide  was  evolved.  A  white 
substance  crystallised  in  needles  (m.  p.  175°).  The  tiltrate  left  a 
very  slight  residue  on  evaporation. 
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0-1110  gave  0-1152  AgBr.     Br  =  44-15. 

CjgH^^OgNBi'g  requires  Br  =  44-11  per  cent. 

No  insoluble  product  was  obtained  by  shaking  up  an  alkaline  solu- 
tion of  tbe  substance  witli  benzoyl  cbloride.  The  compound  was 
saponified  by  dissolving  in  alcohol  and  adding  from  2  to  2^  times  the 
tbeoretical  amount  of  50  per  cent,  caustic  potash.  After  tbe  solution 
had  been  left  for  a  week,  the  potassium  sait,  which  had  separated  in 
yellow  needles,  was  coUected  and  dissolved  in  water.  Carbon  dioxide 
was  passed  through  the  solution  and  acetic  acid  tlien  added,  but  in 
neither  case  was  a  precipitate  obtained,  although  the  original  substance 
is  easily  thrown  down  by  both  thèse  reagents.  However,  on  adding 
hydrochloric  acid,  a  straw-colo  ired  substance  was  deposited. 

This  acid  is  soluble  in  hot  water,  separating  again  on  cooling  ;  it  is 
not  easily  recrystallised,  but  séparâtes  best  from  aqueous  methyl 
alcohol.  Boiling  should  be  avoided  as  decomp  )sition  sets  in  ;  the  acid 
melts  and  décomposes  at  91 — 93°. 

0-1239  gave  0-3102  COo  and  0-0584  H^O.     C  =  68-26  ;  H  =  5-23. 
0-1225     „     0-3073  COj    „    0-0584  H^O.     0  =  68-44  ;  H  =  5-34, 

Cj^Hj.O^N  requires  C  =  6868  f  H  =  5-05  per  cent. 

0-1226  required  11-0  ce.  baryta  solution  [1  ce.  =  0-0032  Ba(OH).,]. 

Found  M.  W.  =  298.     Ci^H^.O.N  requires  M.  W.  =  297. 

The  acid  is  therefore  monobasic  and  bas  the  constitution 
^0<CH^NPh>CH-CO,H. 

Ethyl  o-tolylglycinoacetate  behaves  similarly  and  yields  an  acid 
which  crystallises  from  alcohol  and  melts  at  165°. 

Action  of  Ammonia  on  Ethyl  Phenylglycinoacetate. — On  adding  an 
excess  of  concentrated  ammonia  solution  (0-88)  to  an  alcoholic  solution 
of  this  ester,  there  separated  after  some  time  a  white  substance  which 
melted  at  238°  and  was  insoluble  in  cold  water,  but  readily  soluble 
in  acids.     Ammonia  is  evolved  on  heating  with  caustic  soda. 

0-1852  gave  32-3  ce  nitrogen  at  14°  and  744-5  mm.     N  =  20-10. 
The  diamide,  0^H.N(0H,/00-]SrH2)o,  requires  N  =  20-28  per  cent. 

Ethyl  o-tolylglycinoacetate  treated  in  the  same  way  is  at  first 
deposited  unchanged  (m.  p.  60°).  When  left  for  several  days  in 
contact  with  its  mother  liquor,  the  ester  disappears,  and  on  evapora- 
tion  a  white  substance  crystallises  out  in  needles  (m.  p.  160 — 161°). 
This  was  found  to  bave  the  same  properties  as  the  phenyl  derivative. 

0-1840  gave  29-0  ce  nitrogen  at  14°  and  764-5  mm.     N  =  18-66. 
The  diamide,  O.H--N(OH2-00-NH,)2,  requires  N  =  19-0  per  cent. 
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Condensation  of  Phenylglycinoacetic  Esters  with  Oxalic  Esters  in 
Présence  of  Alkyloxides. 

One  molecular  proportion  of  sodium  in  the  forai  of  wire  was  heated 
in  a  reflux  apparatus  with  slightly  more  than  the  theoretical  amount 
of  absolute  alcohol  x-equired  to  convert  it  into  the  ethoxide.  A 
mixtuie  of  one  molécule  of  each  ester  was  gradually  poured  down  the 
condenser,  the  liquid  being  gently  heated.  After  an  interval  of  from 
5 — 20  minutes,  dépend ing  on  the  ester  u.sed,  an  energetic  reaction  took 
place  and  the  pasty  mass  became  solid  and  was  then  heated  on  the  water- 
bath  for  an  hour.  When  cold,  the  solid  mass  was  dissolved  in  water, 
a  considérable  auiount  of  solvent  being  required  owing  to  its  insolu- 
bility.  Any  unchanged  ester  was  extracted  by  shaking  up  with  a 
little  ether.  On  gradually  adding  dilate  hydrochloric  acid,  the  sodium 
sait  was  decomposed  and  the  condensation  product  precipitated  in  the 
crude  state.  Ail  the  foUowing  substances  are  conveniently  recrystal- 
lised  from  alcohol. 

The  Condensation  of  Ethyl  Phenylglycinoacetate,  Ethyl  Oxalate,  and 
Sodium  Ethoxide. — This  condensation  was  carried  ont  many  tirnes  with 
varying  proportions  and  the  product  obtained  was  always  the  same,  but 
only  with  the  following  proportions  was  the  reaction  complète  :  2*3  grams 
of  sodium  (1  mol.)  were  heated  with  rather  more  than  4'6  grams  (1  mol.) 
of  absolnte  alcohol.  To  this  was  added  a  mixture  of  13 "25  grams 
(1  mol.)  of  ethyl  phenylglycinoacetate  and  7'3  grams  (1  mol.)  of  ethyl 
oxalate.  On  treating  the  product  in  the  manner  described,  13 — 15 
grams  of  substance  were  obtained,  corresponding  with  an  80  per  cent, 
yield.  This  substance  recrystallises  from  alcohol  in  long,  silky  needles 
which  are  quite  white  after  two  crystallisations  ;  it  is  very  soluble  in 
chloruform,  but  less  readily  so  in  glacial  acetic  acid,  from  which  solvent 
it  crystallises  very  well.  The  solubility  in  ether  is  slight,  and  from 
this  solution  are  obtained  small,  brilliant  crystals  (m.  p.  137°).  The 
compound  is  insoluble  in  water  or  in  sodium  carbonate  solution  ; 
cold  aqueous  caustic  soda  dissolves  it,  forming  a  yellow  solution  ; 
it  is  insoluble  in  concentrated  hydrochloric  acid,  but  dissolves 
readily  in  concentrated  sulphuric  acid.  An  alcoholic  solution  of  ferrie 
chloride  develops  a  dark  greenisli-blue  coloration  ;  silver  nitra  te  is  re- 
duced  at  once  in  the  cold.  The  barium  sait  is  yellow,  the  copper  sait 
greenish-blue,  and  the  lead  sait  white. 

An  alcoholic  solution  was  heated  with  phenylhydrazine  dissolved  in 
glacial  acetic  acid  ;  in  another  experiment,  the  two  compounds  were 
heated  directly  together  tor  varying  times.  In  no  case  did  condensa- 
tion take  place,  the  substance  crystallising  out  unchanged.  Négative 
results  were  also  obtained  with  hydroxylamine  and  with  the  Schotten- 


448      DE   MOUILPIED:    CONDENSATIOX    OF    PHENYLGLYCINOACETIC 

Baumann  reaction.  The  substance  was  distilled  under  the  ordinary 
pressure  ;  it  melted  and  almost  at  once  emitted  fumes  which  solidified 
in  the  receiver  and  in  the  side  tube  of  the  flask.  This  solid,  when 
crystallised  from  alcohol,  melted  at  137°,  and  therefore  consisted  of  the 
unaltered  substance. 

0-2585  gave  0-5734  C0.2  and  0-1240  HoO.     0  =  6049;  H  =  5-33. 
0-2195     „     0-4823  COo    „     0-1078  h'^0.     0  =  59-97  ;  H=:5-45. 
0-1269     „     5-0  ce.  nitrogen  at  14-5°  and  753  mm.  ;  N  =  4-58. 
Ci,,H,-OyN  requires  0  =  60-19  ;  H  =  5-33  ;  and  N  =  4-38  per  cent. 

This  empirical  formula  gives  a  molecular  weight  319.  The  substance 
must  contrtin  at  least  one  atom  of  nitrogen,  and  the  percentage  of 
nitrogen  found  leads  to  a  molecular  weight  of  306. 

The  substance  was  dissolved  in  100  ce.  of  alcohol  and  titrated 
against  baryta  [1  ce.  =  0-0065  Ba(OHy. 

0-2030  gram  of  the  substance  required  17*0  ce.  for  neutralisation, 
deducting  1  ce.  required  by  the  alcohol.     Equivalent  weight  =  157-5. 

This  resuit  shows  the  acid  to  contain  two  hydroxyl  groups  and  to 
hâve  M.  W.  =  315.  O^gHi^OgN  requires  M.  W.  =  319  ;  0-1158  dissolved 
in  18-83  benzène  gave  Ai!  =  0-098°  M.  W.  =  307-4. 

The  number  of  alkoxyl  groups  présent  in  the  molécule  was  deter- 
mined  by  Zeisel's  method.  The  substance  used  was  that  which  was 
obtained  from  ethyl  phenyglycinoacetate,  methyl  oxalate,  and  sodium 
raethoxide,  melting  at  188°. 

0-1909  gave  0-301  Agi.     OMe  =  20-8. 

Cj^HjyO^N  requires  OMe  =  21-3  for  two  methoxyl  groups. 

No  reaction  takes  place  with  phenylcarbimide  in  the  cold  but,  on 
warming  gently,  a  solution  was  obtained  which  remained  clear  for 
some  time  and  slowly  dcposited  white  crystals  on  cooling.  The  precipi- 
tate  was  collected  and  recrystallised  from  aqueous  alcohol  (m.  p.  169°). 
This  substance  possesses  very  différent  properties  from  the  original. 
Ferrie  chloride  no  longer  gives  a  coloration,  and  no  yellow  coloration 
is  obtained  with  caustic  soda  in  the  cold  ;  this  only  appears  on  boiling, 
when  décomposition  takes  place  and  the  odour  of  carbimide  is  observed. 
Silver  nitrate  is  no  longer  reduced  in  the  cold. 

0-213  gave  12-1  ce.  nitrogen  at  16°  and  754  mm.  N  =  6-57. 
OggHg^jOyNg  requires  N  =  6-39  per  cent. 

This  resuit  corresponds  with  the  addition  of  1  molécule  of  phenyl- 
carbimide, and  establishes  the  présence  of  at  least  one  hydroxyl 
group. 

The  présence  of  hydroxyl  groups  is  further  shown  by  the  fact  that 
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if  a  solution  of  the  substance  is  treated  witli  a  current  of  dry 
ammonia  it  is  thrown  out  unchanged. 

Some  of  the  substance,  dissolved  in  ehloroform,  was  treated  with 
a  solution  of  bromine  in  the  same  solvent.  The  colour  of  the  bromine 
disappeared  rapidly  at  first,  fumes  of  hydrogen  bromide  being  abun- 
dantly  evolved.  The  white,  crystalline  powder,  which  separated  out 
slowly,  was  recrystalJiseii  from  aqueous  alcohol,  and  thus  obtained  in 
transparent  needles  melting  at  119 — 120°.  This  substance,  which  was 
insoluble  in  caustic  soda  and  gave  no  coloration  with  ferrie  chloride, 
was  identified  on  analysis  as  tribromoaniline  (m.  p.  119°). 

It  was  thought  at  the  outset  that  the  saponification  of  this  sub- 
stance would  be  readily  brought  about,  but  it  was  never  accomplished. 

The  substance  was  left  for  several  days  in  contact  with  aqueous 
and  alcoholic  caustic  potash.  At  other  times,  the  mixture  was  heated 
for  3  hours.  In  every  case,  the  potassium  sait  obtained  yielded  the 
original  substance  on  acidifying.  Acids  were  then  tried,  0'65  gram 
of  the  compound  being  heated  for  3  hours  with  15  ce.  of  concentrated 
hydrochloric  acid.  After  cooling,  the  solid  matter  was  collected  and 
found  to  consist  of  the  unaltered  substance.  The  filtrate,  on  extrac- 
tion with  ether,  yielded  only  a  little  tarry  matter. 

The  analogous  substances  enumerated  on  p.  437  were  prepared  in 
the  same  manner  and  showed  no  différence  in  properties.  Analyses 
of  some  of  thèse  are  noAV  given,  and  it  will  be  seen  that  they  are 
derived  from  the  substance  C^gH^^OgN  by  the  replacement  of  one  or 
more  ethyl  groups  by  methyl.  Ethyl  phenylglycinoacetate 
(13"25  grams),  when  condensed  wilh  1  molécule  of  methyl  oxalate  in 
présence  of  sodium  methoxide,  yielded  a  substance  which,  after  re- 
crystallisation,  melted  at  188°. 

0-2006  gave  0-4225  CO^  and  0-0866  H,0.     C  =  57-44  ;  H  =  4-79. 
0-2249     „     0-4768  CO2    „     0-0919  ÏÏ^O.     0  =  57-81  ;  H  =  4-54. 
0-1944     „     8-4  ce.  nitrogen  at  14°  and  740  mm.     N  =  4-94. 
Ci^HigOgN  requires  C  =  57-73;  H  =  4-47  ;  N  =  4-81  per  cent. 

This  resuit  corresponds  with  the  replacement  of  two  ethyl  by  two 
methyl  groups. 

By  condensation  of  methyl  phenylglycinoacetate  with  ethyl  oxalate 
in  présence  of  sodium  methoxide,  a  substance  melting  at  18S°  is 
obtained,  identical  with  that  just  described. 

0-2133  gave  0-4539  COo  and  0-0931  H.O.     C  =  58-03;  H  =  4-84. 
0-275  gave  12-0  ce.  nitrogen  at  14°  and  769  mm.     N  =  4*81  per  cent. 

The  third  type  of  compound  is  illustrated  by  the  condensation  pro- 
duct  melting  at  175°,  and  obtained  from  ethyl  phenylglycinoacetate 
and  ethyl  oxalate  in  the  présence  of  sodium  methoxide. 
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0-2276  gave  0-4888  CO2  and  0-1033  H^O.     0  =  5857;  â  =  5-04. 
0-2402     „     0-5202  CO^    „    0-1020  HgO.     C  =  59-06  ;  H  =  4-72. 
0-4970     „      18-2  ce.  nîtrogen  at  16°  and  770  mm.     ^=4-33. 
CigHigOgN  requires  C  =  59-04  ;  H  =  4-91  ;  N  =  4-58  per  cent. 

The  substance  is  derived  from  the  original,  C^,.H^yOj;N  by  the  sub- 
stitution of  one  methyl  for  one  ethyl  group. 

Of  the  other  products,  two  are  identical,  melt  at  147 — -148°,  and 
hâve  the  formula  CigHjjOjjN.  The  remaining  two  hâve  the  formula 
Ci4Hi30^N,  one  melting  at  195°  and  the  other  at  159°. 

For  the  sake  of  comparison,  14  grams  of  ethyl  o-tolylglycinoacetate 
were  condensed  with  6 '5  grams  of  ethyl  oxalate  in  présence  of  sodium 
ethoxide.     The  recrystallised  product  mslted  at  146°. 

0-3477  gave  12-7  ce.  nitrogen  at  15°  and  765  mm.     N  =  4-30. 
Cj^HjgOgN  requires  N  =  4-20  per  cent. 

Part  of  the  expense  of  this  research  was  defrayed  by  a  grant  from 
the  Royal  Society.  The  author  wishes  to  express  his  thanks  to  Pro- 
fesser Campbell  Brown  for  material  assistance,  and  to  acknowledge 
the  valuable  help  of  Mr.  G.  D.  Hope,  B.Sc 

The  Chemical  Laboratories, 

The  Univeksity  of  Liverpool. 


LVI. — An    Asymmetric    Synthesis    oj    Quadrivalent 
Sulphur. 

By  Samuel  Smiles,  D.Sc. 

When  an  asymmetric  atom  is  produced  ia  a  molécule  in  présence  of 
an  optically  active  coraplex,  two  isomerides  may  be  formed,  and  the 
question  lias  arisen  whether  any  préférence  is  shown  to  the  formation 
of  either  of  thèse.  The  problem  lias  attracted  much  attention  in  the 
last  few  years,  but  hitherto  the  reactions  which  hâve  been  examined 
hâve  dealt  with  asymmetric  carbon  ;  it  therefore  seemed  of  interest  to 
study  the  matter  in  connection  with  other  éléments  which  are  capable 
of  acting  as  centres  of  optical  activity.  The  présent  communication 
contains  an  account  of  some  experiments  dealing  with  the  asymmetric 
synthesis  of  sulphur  compounds. 

The   substances   chosen  for  this  investigation  wei-e  thetine    esters, 
a  class  of  compound  which  has  been  but  little   studied.     Iiideed,  it 
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seems  tbat  the  only  représentative  known  is  the  ethyl  ester  of 
dimethylthetine  prepared  by  Letts  and  Collie  frora  dimetbyl  sulphide 
and  ethyl  bromoacetate  [Trans.  Edin.  Roy.  Soc,  1878,  28,  618). 

The  mentbyl  ester  of  biomoacetic  acid  unités  with  the  alkyl  sulph- 
ides  at  the  ordinary  température,  but  the  reaction  proceeds  very  slowly 
and  even  with  methyl  sulphide  is  scarcely  complète  after  a  week. 
The  product  of  the  reaction  is  the  mentbyl  ester  of  a  thetine  bromide, 
R,SBr-CHo-C02-CioHj„. 

Perhaps  the  only  property  of  thèse  mentbyl  esters  of  thetine  which 
is  worthy  of  spécial  mention  is  the  tendency  whicb  they  show  to 
break  up  into  alkyl  sulphide  and  mentbyl  bromoacetate.  The  ease 
with  which  this  décomposition  takes  place  varies  according  to  the 
complexiby  of  the  alkyl  groups  united  to  the  sulphur  atom  ;  the  more 
complex  the  group,  the  more  readily  does  décomposition  take  place. 
Of  the  three  derivatives  which  bave  been  examined,  the  dimethylthetine 
is  by  far  the  most  stable,  for  it  may  be  kept  for  several  week  s  without 
any  chauge  taking  place  ;  the  diethylthetine,  on  the  other  hand,  begins 
to  décompose  in  a  few  days. 

In  solution,  the  dissociation  into  alkyl  sulphide  and  ethyl  bromo- 
acetate proceeds  even  more  readily,  but  it  is  affected  by  the  nature  of 
the  solvent.  The  ethyl  ester  of  diethylthetine  bromide  dissolves 
readily  in  water,  giving  solutions  which  show  a  characteristic  behaviour. 
Strong  solutions  of  this  sait  are  quite  transparent,  but  when  warmed 
or  diluted  they  become  opaque  owing  to  the  séparation  of  the  sulphide 
and  ethyl  bromoacetate.  Solutions  of  the  thetine  esters  in  epichloro- 
hydrin  are  exceedingly  unstable  and  can  only  be  kept  for  a  few  hours 
without  change  ;  in  alcohol,  too,  the  diethylthetine  may  be  almost 
completely  resolved  into  its  constituents  by  leaving  the  solution  for 
soœe  weeks. 

It  can  be  seen  by  comparing  the  behaviour  of  the  dimethyl  and 
diethyl  derivatives  tbat  an  increase  in  the  size  of  the  alkyl  groups 
from  methyl  to  ethyl  causes  a  marked  decrease  in  the  stability  of  the 
thetine.  This  shows  tbat  the  instability  of  the  diethylthetine  ester  is 
at  least  partly  due  to  steric  influences,  although  to  what  extent  it  is 
impossible  to  say. 

Wedekiud  ("Zur  Stereochemie  des  Funfwertigen  Stickstoffes," 
Leipzig,  1899)  bas  pointed  out  a  similar  instability  in  the  case  of 
phenylbenzylmethylallylammonium  iodide,  the  aqueous  solutions  of 
which  décompose  when  boiled  into  benzyl  iodide  and  tertiary  aminé; 
Pope  also  (Trans.,  1901,  79,  828)  bas  ascribed  the  autoracemisation  of 
the  dextrorotatory  iodide  to  tlie  same  cause. 

Such  instability  is  not  shown  by  ail  the  salts  of  thèse  bases,  for 
example,  the  nitrates,  when  boiled  in  aqueous  solution,  are  gradually 
saponified    into  menthol  and    the   free  thetine    sait  ;  the    amount  of 
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sulphide  formed  is  quite  small,  and  with  the  dimethylthetine  ester 
only  amounts  to  a  trace. 

The  hydroxides  of  the  menthyl  esteras  of  the  thetines  hâve  only  been 
obtained  as  oils  which  dissolve  quite  readily  in  water  giving  strongly 
alkaline  solutions.  After  a  ^.hort  time,  the  alkalinity  disappears, 
menthol  séparâtes  out,  and  the  free  thetine  remains  in  solution  ; 
this  reaction  may  be  expressed  by  the  équation  : 

Eo:S(OH)-CH,-COo-CioHi,j  =  E,:S<~^>CO  +  CioH,,,-OH. 

The  ^methyl  ester  of  methylethylthetine  bromide  was  prepared 
from  methyl  ethyl  sulphide  and  ^menthyl  bromoacetate.  The  most 
direct  method  of  ascertaining  whether  the  esters  of  dextro-  and  Isevo- 
thetines  hâve  been  produced  in  equal  amount  is  to  isolate  the  thetine, 

p  TT^x^S^pTr^CO,  from   the  synthetical  product    and  examine  its 

optical  condition.  With  this  object,  the  menthyl  nucleus  was  elimin- 
ated  in  two  ways  :  (a)  by  intramolecular  saponification  of  the  hydroxide 
and  (6)  by  saponifying  the  ester  with  concentrated  hydrochloric  acid 
at  the  ordinary  tempei-ature.  Both  thèse  methods  yielded  an  inactive 
thetine,  hence  it  would  seem  that  the  two  isomerides  are  produced  in 
equal  quantity.  Thèse  experiments,  however,  scarcely  permit  of  a 
definite  conclusion,  for  it  is  quite  conceivable  that  any  optically  active 
thetine  might  be  racemised  during  the  process  of  saponification;  but 
at  the  same  time  such  a  racemisation  of  optically  quadrivalent  sulphur 
has  never  been  observed,  indeed  it  would  seem  from  Pope's  experi- 
ments (Trans.,  1900,  77,  1074)  that  the  activity  of  methylethylthetine 
is  not  destroyed  by  concentrated  hydrochloric  acid, 

Further  évidence  was  sought  for  by  comparing  the  molecular  rota- 
tions of  the  dimethyl-  and  diethyl-thetine  bromides  with  that  of  the 
methyl  ethyl  derivative.  The  rotatory  powers  of  thèse  substances 
were  determined  in  absolute  alcohol,  acétone,  and  in  a  mixture  of 
equal  volumes  of  alcohol  and  water,  The  concentration  of  the  solu- 
tions examined  varied  betvveen  two  and  tive  per  cent,;  within  those 
limits,  the  rotatory  power  of  the  thetine  esters  does  not  alter  much. 
The  température  at  which  most  of  the  measurements  were  made  was 
23°;  variations  of  a  degree  on  either  side  do  not  affect  the  lotation 
beyond  the  limit  of  expérimental  error.  The  values  which  are  given 
in  the  following  table  are  the  molecular  rotations  of  the  three  de- 
rivatives,  and  in  most  cases  they  are  the  mean  of  several  observations 
with  différent  sijecimens. 
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Molecidar  Rotations  of  the  2Ienthyl  Ester  of  the  Thetine  Bromides. 


Suivent. 

Sulistance. 

Calculated 

Dimethyl. 

Diethyl. 

Methyl  ethyl. 

mean. 

Alcohol  and  water 

Alcohol    

Acétone  

-162-7° 
157-9 
159-2 

-176-8° 
169-0 
172-1 

-168-9° 
162-7 
166-2 

-169-7° 
163-4 
165-4 

The  platiniclilorides  of  thèse  bases  are  crystalline  solids,  and  are 
more  easily  purified  than  the  hygroscopic  bromides.  Pope  has  shown 
(Trans.,  1900,  77,  1074)  that  the  activity  of  methylebhylthetine 
still  persists  on  conversion  into  the  platinichloride  ;  hence,  for  purposes 
of  comparison,  the  platini  hloiides  should  serve  equally  well  as  the 
bromides.  The  next  table  shows  the  molecular  rotations  of  the 
three  platiniclilorides  dissolved  in  epichlorohydrin. 

Molecular  Rotations  of  the  Platinichlorides. 


3imetliyl. 

Diethyl. 

Methyl  ethyl. 

Calculated  mean 

-371-3° 

-331-9° 

-351-0° 

-351-6' 

2x185-6 

2x165-8 

2x175-5 

2x175-8 

In  both  tables,  the  last  column  represents  the  arithmetical  mean 
betvveen  the  expérimental  values  for  the  dimethyl  and  diethyl 
deriva-tives,  and  it  is  évident  that  this  calculated  value  lies  fairly 
close  to  that  found  for  the  methylethylthetine. 

So  far  as  the  author  is  aware,  no  homologous  séries  of  this  par- 
ticular  type  has  been  investigated  ;  a  large  niimber  of  other  séries 
hâve  been  examined,  but  they  consist  for  the  greater  part  of  homo- 
logous esters  and  allied  substances,  and  it  is  only  in  a  few  of  thèse 
that  a  certain  regularity  of  rotatory  power  occurs  in  the  lower  mem- 
bers.  It  is  therefore  impossible  to  predict  vvith  certainty  that  the 
rotation  of  the  ^-mei.thyl  ester  of  c/^methyletbylthetine  would  lie 
intermediate  between  those  of  the  two  adjacent  homologues.  In  spite 
of  this,  the  évidence  points  to  the  conclusion  that  the  two  isomerides 
hâve  been  produced  in  equal  amount,  for  the  alternative  carries  with 
it  the  improbable  assumption  that  the  excess  of  one  of  the  isomerides 
should  adjust  the  discrepancy  between  the  rotation  of  the  ^-menthyl 
ester  of  (/^methylethylthetine  and  the  mean  of  the  rotations  of  the 
dimethyl  aud  dietliyl  derivatives. 

Finally,  the  question  was  attacked  iu  a  more   direct  manner.     The 
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c'nid  bromide  of  fZ^methyletbylbhetine  bromide  was  prej^ared  from 
bromoacetyl  bromide  and  methyl  ethyl  sulphide,  and  subsequently  con- 
verbed  into  the  menthyl  ester  by  treatment  with  menthol.  The  pro- 
duct,  the  ^menthyl  ester  of  cZ^methylethylthetine  bromide,  was  oily 
and  evidently  coatained  impurities;  it  was  therefore  converted  into 
the  insoluble  platiuichloride.  The  molecular  rotation  of  the  ^menthyl 
ester  of  cZ^-metliylethylthetine  platiuichloride  prepared  in  tliis  manner 
was  found  to  be  -  350°,  a  value  almost  identical  with  that  obtained 
for  the  platinichloride,  which  was  made  from  the  product  of  asymmetric 
synthesis. 

The  évidence  afforded  by  thèse  three  lines  of  research  points  in  one 
direction,  and,  when  considered  ail  together,  leads  to  the  conclusion 
that  the  two  isomeric  Z-menthyl  esters  of  l-  and  cZ-methylethylthetine 
bromides  are  produced  in  equal  amount  during  their  synthesis  from 
^menthyl  bromoacetate  and  methyl  ethyl  sulphide 


Expérimental. 

\-Menthi/l  Bromoacetate,  CHgBr'CO^'C^^QHjg  (/). — Forty  grams  of 
bromoacetyl  bromide  were  gradually  added  to  a  solution  of  thirty 
gi-ams  of  menthol  in  two  hundred  ce.  of  chloroform,  and  the  mixture 
heated  on  a  water-bath  until  the  évolution  of  hydrogen  bromide 
ceased.  Aftcr  being  washed  with  water  and  dilute  aqueous  sodium 
carbonate,  the  solution  was  dried  over  calcium  chloride  and  then 
fractionated.  Fifty-two  grams  of  the  liquid  distilled  between 
140°  and  145"^  uuder  12  mm,  pressure.  Eedistillation  of  this  portion 
yielded  ^menthyl  bromoacetate  as  a  colourless  oil  boilingat  144 — 145° 
under  12  mm.  pressure. 

0-464  gave  0-3146  AgBr.     Br  =  28-92. 

0-3682,,     0  6948  CO^  and  0-2531  HgO.     C  =  52i7  ;  H  =  7-7. 
Ci2H2iO^Br  requires  0  =  5198  ;  H  =  7-58;  Br  =  28-88  per  cent. 

A  détermination  of  the  density  gave  (Z25°/4°=-- 1-208,  and  when 
exàmined  in  the  polariscope  it  was  found  that  an  - 18-72°  when 
;  =  0-25  dcm.  and  t  =  2o°,  whence  [a]o  -  61-98°  and  [M]i,- 171-6°. 

In  alcoholic  solutions,  a  was  found  to  be  -7*60°  when  ^=ldcm 
c- 12-21,  andf  =  24°,  whence  [aj^  -  62-24°  ani  [M]d  -  172-4°.* 

Another  sample  of  the  ester  prepaied  in  the  sime  way  gav 
ao- 7-61°  with  1  =  1  dcm,,  c  =  12-2,  and  e  =  22°,  whence  [ajo  -  62-3°  aac 
[M]b- 172-5°. 

The  menthol  used  in  this  préparation  was  obtained  from  Kahlbaum 

*  Tsclmgaeff  (J.  iiw.w.  Phys.  Chcm.  Soc,  1902,  34,  606)  lias  giveu  d20°/i°-- 
1-2136,  [a]^  -60-95',  and  [M]     -168-8°.  | 
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and  gave  [a]D-10'05°  at  22°  when  l  =  '2  dcm.  and  c  =  100,  wlience 
[a]o-50-2°.* 

The  ester,  when  saponified  with  cold  dilute  alcoholic  potash,  gave 
a  menthol  which  showed  [a]u  —  3'98°  when  1=  Idem.,  c  =  8"0,  and  t  =  1\°, 
whence  c  -  49*7°  ;  thus  it  seems  that  the  above  process  of  esterification 
does  not  appreciably  alter  the  optical  condition  of  the  menthol. 

A  sample  of  the  ester  was  also  prepared  from  menthol,  bromoacetic 
acid,  and  concentrated  sulphuric  acid  ;  it  showed  [ajo  -  56 "4°,  a  number 
which  is  considerably  below  that  given  by  the  ester  prepared  from  the 
acid  bromide. 

\-Menthyl  Ester  of  Dimetliijltlieline  Bromide,  p  -jJ  /"»S<^t>.  ^       2     lo    i9 

Ten  grams  of  methyl  sulphide  were  mixed  with  20  grams  of  ^-meuthyl 
bromoacetate.  In  the  course  of  24  hours  the  liquid  became  cloudy, 
and  at  the  end  of  a  week  had  completely  solidified  to  a  colourless 
mass  of  crystals.  After  being  washed  with  ether  and  thoroughly 
dried  in  a  desiccator  the  produet  weighed  20  grams  ;  theory  requires 
27  grams. 

By  dissolving  in  absolute  alcohol  and  precipitating  the  solution 
with  ether,  the  ^menthyl  ester  of  dimethylthetine  bromide  is  deposited 
in  the  form  of  colourless  leaflets,  which  décompose  at  87 — 90°,  accord- 
ing  to  the  rapidity  of  heatiug,  The  thetine  ester  is  very  soluble  in 
absolute  alcohol,  moderately  in  acétone,  and  sparingly  so  in  water  ; 
when  any  of  thèse  solutions  are  warmed  or  allowed  to  remain  at  the 
ordinai-y  température,  décomposition  into  methyl  sulphide  and  menthyl 
bromoacetate  takes  place.  By  allowing  an  alcoholic  solution  to  evaporate 
slowly,  this  substance  may  be  obtained  in  the  form  of  prisms  fully 
1  cm.  in  length. 

0-288  gave  0-1561  AgBr.     Br  =  23-07. 

C^^HgyOgBrS  requires  Br=  23-6  per  cent. 

The  halogen  was  estimated  by  précipitation  with  silver  nitrate  from 
an  aqueous  solution  of  the  bromide,  and  the  deficiency  in  the  per- 
centage  of  bromine  is  without  doubt  due  to  dissociation  of  the  dissolved 
substance.  The  same  behaviour  is  shown  by  the  dimethyl  and 
diethyl  derivatives. 

When  examined  in  the  polariscope,  dimethylthetine  ^menthyl  ester 
bromide  gave  the  following  results. 

In  a  mixture  of  equal  volumes  of  absolute  alcohol  and  water  : 
a^- 1-24°  when  c  =  2-568,  «  =  22°,  and  ^=1  dcm.,  whence  [a]u-48-4° 
and  [M]i,-lG4-0^ 

*  Arth  (.4?m.  Chim.  Phys.,  18S6,  [vij,  7,  -138)  givcs  [a]o  -50-1°,  c=10,  and 
^=18°. 

1    1    -1 
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an- 1-12°  when  c  =  2-352,  t  =  23°,  and  ^=1  dcm.,whence  [a]o-47-6° 
and  [M]d- 161-3°. 

au  -  2-34°  when  c  =  4-838,  t  =  24°,  and  l  =  1  dcra.,  whence  [ajo  -  48-3° 
and  [M]d- 163-7°. 

an- 1-00°  when  c  =  2-09,  <  =  24°,  and  ^  =  1  dcm.,  whence  [a]D-47-8° 
and  [M]d- 162-0°. 

Jn  absolute  alcohol  : 

ao-  1-03°  when  c  =  2-218,  <  =  23°,  and  1  =  1  dcm.,  whence  [a]i,-46-4° 
and[M]i,-l57-3°. 

«D  -  0-92°  when  c  =  1-982,  t  =  24°,  and  1=1  dcm.,  whence  [a]i,  -  46-4° 
and  [M]d- 157-3°. 

«0-2-51°  when  c  =  5-34,  t  =  23°,  andZ=l  dcm.,  whence  [a]ij-47-0° 
and  [M]i,- 159-3°. 

In  acétone  : 

an- 1-99°  when  c  =  4-156,  «  =  24°,  and  /  =  1  dcm.,  whence  [a][,-47-3° 
and  [M]d -160-8°. 

au  -0-82°  when  c=  1-756,  «  =  23°,  and  1=1  dcm.,  whence  [a]o-46-7° 
and  [M]b- 158-3°. 

A  freshly  prepared  solution  in  epichlorohydrin  gave  a^,-  1*65°  when 
c  =  1  -808,  t  =  22°,  and  l  =  2  dcm.,  whence  [aj^  -  45-6°  and  [M]d  -  154-6° 
After  48  hours,  this  solution  smelt  strongly  of  dimethyl  sulphide,  and 
showed[a]o-37-6°. 

Another  solution  in  the  same  solvent  when  freshly  made  gave 
ai,-l-23°  when  c  =  2-75,  t  =  23°,  and  ^  =  1  dcm.,  whence  [a]i,- 44-7° 
and  [M]o- 151-7°. 

The  chloride  was  not  isolated  ;  it  was  made  by  shaking  a  solution  of 
the  bromide  in  alcohol  and  water  with  excess  of  .silver  chloride.  The 
filtrate  showed  the  same  i-otation  when  examined  in  a  1-dcm.  tube 
as  the  solution  of  the  bromide  from  which  it  was  prepared,  hence  the 
molecular  rotation  of  the  chloride  is  the  same  as  that  of  the  bromide 
and  lies  at  about  -  163°. 

The  aurichloricU,  ^QY{^).p\^GB..,'CO.^G^ç;B.^^,k.ViQ\.^,  obtained  as  a 
yellow,  crystalline  precipitate  from  solutions  of  the  chloride,  is  soluble 
in  chloroform,  alcohol,  and  acétone,  but  is  insoluble  in  water  and 
carbon  disulphide,  and  when  exposed  to  the  air  oxidises  to  a  brown 
substance,  which  is  insoluble  in  chloroform.  The  aurichloride  was 
purified  by  dissolviog  in  acétone  and  precipitating  with  water;  after 
drying  under  diminished  pressure,  it  melted  at  124 — 125°. 

0-1619  gave  0-0533  Au.     Au  =  32-92. 

Oj4H.,yO.,ClS,AuCl3  requires  Au  =  32  97  per  cent. 

When  dissolved  in  acétone  and  examined  in  the  polariscope  it  gave 


SYNTHESIS   OF   QUADRI VALENT   SULPHUR.  457 

ap-0-89°  vvhen  c  =  2-957,  «  =  22°,  and  /=  1  dcru.,  whence  [a]u  -  30-1° 
and  [M]„- 180-0°. 

solutions  of  the  chloride  as  a  pale  yellow,  crystalline  powder,  wbicli  is 
insoluble  in  the  usual  organic  média,  but  sparingly  soluble  in 
epichlorohydrin.     It  melts  at  177°  witb  decompositioa. 

0-1143  gave  0-0239  Pt.     Pt  =  20-9. 
0-2057     „     0-1903  AgCl.     Cl  =  22-8. 
0-1557     „     0-0794  BaSO^.     S  =  7-0. 
(C\^H2^02SCl)2,PtCl4,  requires  Pt  =  21-04  ;  Cl  =  230  ;  8  =  6-9  per  cent. 

The  optical  constants  of  the  platinichloride  were  found  to  be  as 
follows  : 

ao - 0-38°  when  c  =  0'9468,  t  =  22°,  and  l  =  1  dcm.,  whence  [a]o  -  40-1° 
and  [ M  ]d- 37 1-3°. 

aD-0-37°  when  c  =  0-9224,  t  =  21°,  and  l  =  1  dcm.,  whence  [a]^-  40-1° 
and  [M]d- 371-3°. 

The  hydroxide  was  prepared  by  the  action  of  silver  oxide  on  an 
alcoholic  solution  of  the  bromide  ;  the  filtrate  from  the  silver  bromide 
was  strongly  alkaline,  and,  when  precipitated  with  ether,  yielded  the 
substance  as  an  oil.  Aqueous  solutions  of  this  base  décompose  gradu- 
ally  at  the  ordinary  température,  giving  menthol  and  dimethylthetine. 

The  nitrate,  which  crystallises  from  hot  aqueous  solutions  in  the 
form  of  colourless  needles,  is  the  most  stable  of  those  salts  which  hâve 
been  examined. 


à\-Methylethylthetine  \-Menthyl  Ester  Bromide, 
CH3^<.^CH./CO./CioHj, 
C.,H,,^^^Br  " 

A  mixtui-e  of  10  grama  of  methyl  ethyl  sulphide  and  20  grams  of 
^-menthyl  bromoacetate  was  allowed  to  remain  for  a  week  ;  the  solid 
product  was  then  broken  up,  and,  after  being  well  washed  with 
dry  etlier,  was  dissolved  in  alcoholand  reprecipitated.  This  treatment 
yielded  15  grams  of  methylethylthetine  ^menthyl  ester  bromide  in 
the  form  of  colourless  needles,  which  melted  at  80 — 82°  with  décom- 
position. In  distinction  from  the  dimethyl  derivative,  the  methyl- 
ethylthetine is  hygroscopic,  and  can  only  be  obtained  pure  by  usiug 
carefully  dried  reagents.  AVhen  examined  in  the  polariscope,  it  showed 
the  following  behavioui-. 

In  a  mixture  of  equal  volumes  of  alcohol  and  water  : 

aD-2-14°  when  c  =  4-46,  «  =  22^,  and  ?=1  dcm.,  whence  [aj^  -48-0° 
and  [M]u  -169-4°. 
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ap  -2-09°  when  c  =  4-349,  t  =  2r,  and  1  =  1  dcm.,  whence  [«]„ 
-48-0°  and  [M]i,  -169-4°. 

ao  -  2-38°  when  c  =  5-0,  «  =  23°,  and  ^=  1  dcm.,  whence  [aj^  -  47-6° 
and  [M]d  -  168-0°. 

In  absolute  alcohol  : 

an  -  1-29°  when  c  =  2-784,  f  =  23°,  and  /=  1  dcm.,  whence  [a\  -  46-3° 
and[M]D  -163-4°. 

an  -2-37°  when  c  =  5-135,  «  =  23°,  and  1=1  dcm.,  whence  [a]^ 
-46-1°  and  [MJ^  -162-7°. 

ai,-2-29°  when  c  =  4-989,  «  =  23°,  and  ^=1  dcm.,  whence  [u]u-45-8° 
and  [M]d  -162-0°. 

In  acétone  : 

ao-l-93°  when  c  =  4-095,  «  =  22°, and  ^  =  1  dcm.,  whence  [a]o-47-l° 
and  [M ]d- 166-2°. 

A  freshly  prepared  solution  in  epichlorohydrin  gave  a^-l-ôl" 
when  c  =  3-829,  «  =  22°,  and  1  =  1  dcm.,  whence  [ajp  -  42-0°  and 
[M]d- 148-2°. 

Another  solution  gave  aD-l-57°  when  c  =  3-661,  «  =  21°,  and 
^=1  dcm.,  whence  [a]n-42-8°  and  [M ]d-  150-8°. 

Saponification  of  à\-Methyhthyltheti7ie  \-Menthyl  Ester  Bromide. 

(a)  With  concentrated  hydrochloric  acid  : 

The  bromide  was  dissolved  in  strong  hydrochloric  acid  and  set  aside 
for  6  days  at  the  ordinary  température  ;  water  was  then  added  and 
the  mixture  repeatedly  extracted.  Avith  ether.  After  several  extrac- 
tions, the  aqueous  portion  was  examined  in  the  polariscope  and  found 
to  be  inactive.  It  was  evaporated  to  dryness  under  diminished  pres- 
sure, and  then,  after  being  redissolved  in  alcohol,  was  treated  with 
excess  of  silver  chloride.  Tlie  filtrate  from  the  silver  halide  was 
acidified  with  hydrochloric  acid  and  precipitated  with  platinic  chloride. 
When  dry,  the  precipitate  was  analysed  : 

0-3506  gave  0-1009  Pt.     Pt  =  28-77. 

(C:5Hi^0^,SCl).^,PtCl^  requires  Pt  =  28-74  per  cent. 

.  The    platinum   sait  is  evidently   that  of  methylethylthetine  ;   when 
examined  in  the  polariscope  it  was  found  to  be  inactive. 

(b)  With  silver  oxide  : 

An  aqueous  solution  of  the  above  methylethylthetine  menthyl  ester 
was  mixed  with  excess  of  silver  oxide  and  left  for  3  days  at  the 
ordinary  température.  The  solution,  after  being  filtered  and  re- 
peatedly extracted  with  ether,  was  inactive  ;  the  platinic  chloride  of 


; 
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methylethylthetine,  prepared  from  the  solution  in  the  usual  way,  was 
also  without  action  on  polarised  light. 

(c)  A  thii'd  saponification  was  cari-ied  ont  with  thionyl  cliloride  ; 
the  resuit  was  as  before,  an  inactive  methylethylthetine  being  pro- 
duced. 

The platinichloride,  (^^  >S<^^2"C0.2'CioHi9|^^  p^^,j^^  obtained  as 

an  orange-buff  precipitate  by  adding  platinic  chloride  to  aqueous  solu- 
tions of  the  chloride,  melts  at  173 — 174:^  and  may  be  crystallised  from 
hot  acétone,  in  which  it  is  sparingly  soluble  ;  it  is  also  soluble  in  epi- 
chlorohydrin,  but  is  insoluble  in  alcohol,  water,  and  other  common 
solvents.  The  spécimens  used  for  examinatiou  in  the  polariscope  were 
not  recrystallised,  but  purified  by  thoi"oughly  washing  the  original 
precipitate  with  cold  acétone. 

0-3987  substance  gave  0  0817  Pt.     Pt  =  20-49. 
0-1300         „  „     01188  AgCl.     Cl  =  22-5. 

0-1519         „  „     0-0752  BaSO^.     S  =  6-8. 

(C^5H,^O2SCl)2,PtCl,reqiiiresPt  =  20-4;  Cl  =  22-3;  S  =  6-7  percent. 

When  dissolved  in  epichlorohydrin,  the  double  sait  gave 
aD-l-17°when  c  =  3-158,  «  =  22°,  and  /=  1  dcm.,  whence  |a]i,-37-0^ 
and  [M]d- 352-9°;  0^-0-85^  whenc  =  2-323,  <=21°,  andZ=l  dcm., 
whence  [ajo  -  36-6"  and  [M]i,  -  349-1°. 

As  already  mentioned  in  the  introduction,  this  platinichloride  was 
prepared  in  a  différent  way.  Bromoacetyl  bromide  was  mixed  with 
excess  of  methyl  ethyl  sulphide  and  set  aside  during  four  days  in  a 
flask  protected  from  moisture.  An  oily  layer  was  deposited,  presum- 
ably  the  acid  bromide  of  methylethylthetine  ;  it  was  separated  from 
excess  of  sulphide,  washed  with  dry  ether,  and  mixed  with  rather  less 
than  the  calculated  amount  of  menthol.  After  being  kept  for  several 
days  in  a  dry  atmosphère,  the  oily  thetine  ester  was  washed  with  ether, 
dissolved  in  a  small  quantity  of  water,  and  again  extracted  with  ether 
to  remove  menthol  and  any  remaining  sulphide.  The  aqueous  solu- 
tion, which  now  contained  the  menthyl  ester  of  the  thetine  and 
probably  a  considérable  quantity  of  methylethylthetine  bromide,  was 
treated  with  silver  chloride  and  precipitated  with  platinic  chloride. 
The  precipitate  was  collected  and  after  purification  was  analysed  : 

0-4532  gave  0-0936  Pt.     Pt  =  20-65. 

(Ci5Ho902SCl)2,PtCl4  requires  Pt=  20-44  per  cent. 

When  dissolved  in  epichlorohydrin  and  examined  in  the  polariscope 
it  gave  : 

qd-  0-90°  when  c  =  245,  t  =  23°,  and  ;=  1  dcm.,  whence  [a]u  -  36-7° 
and  [M]d  -  350-0°. 
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\-Menthyl  ester  of  diethylthetine  hromide,  S(C2Hj).2Br'CH2*C02"Cj,|Hj(,, 
was  obtained  bya  similar  method  to  that  employed  in  the  préparation 
of  the  diraethyl  and  methyl  derivatives.  In  one  experiment,  fifteen 
grams  of  Z-meiitliyl  bromoacetate  and  ten  grams  of  ethyl  snlphide 
yielded  twelve  grams  of  crude  thetine  bromide.  The  pvire  substance 
forms  long,  colourless  needles  which  melt  at  73 — 74°  if  rapidly  heated 
and  which  are  very  soluble  in  water  and  alcohol.  Owing  to  the 
instability  of  this  substance,  it  was  found  necessary  to  employ  freshly 
pi-epared  spécimens  for  aualysis  and  détermination  of  rotatory  power. 
When  the  halogen  was  estimated  in  solutions  by  précipitation  with 
silver  nitrate,  the  results  were  always  about  0'5— 08  per  cent,  less 
than  the  calculated  value  ;  a  détermination  of  halogen  by  Carius' 
method  gave  the  following  resuit  : 

0-4779  gave  0-248  AgBr.     Br  =  22-0. 

C^jHg^O^BrS  requires  Br  =  21-8  per  cent. 

When  dissolved  in  a  mixture  of  alcohol  and  water  in  equal  volumes^ 
the  diethylthetine  ester  gave  au- 1-38°  when  c  =  2-88,  <  =  22°,  and 
l  =  1  dcm.,  whence  [a\  -  47-8°  and  [M]d  -  175-4°. 

aD-2-47°  when  c  =  5-08,  «  =  23°,  and  ^  =  1  dcm.,  whence  [a]o-48-5° 
and  [M]d- 177-9°. 

ai,- 1-16°  when  c  =  2-39,  «  =  23°,  and  1=1  dcm.,  whence  [aju-48-5° 
and  [M]d- 177-9°. 

qd  -  2 -11°  when  c  =  4*393,  t  =  23°,  and  1=  1  dcm.,  whence  [a.\  -  48-0° 
and  [M]d- 176-1°. 

In  absolute  alcohol  : 

ao- 2-34°  when  c  =  5-057,  «  =  22°,  and  1=1  dcm.,  whence  [a]D-46'2° 
and  [M]d- 169-5°. 

an- 1-07°  when  c  =  2-33,  «  =  22°,  and  ^  =  1  dcm.,  whence  [a j^  45-9° 
and  [M]i.- 168-4". 

ttD- 1-12°  when  c  =  2-426,  «  =  22°,  ^=1  dcm.,  whence  [a]„  -  46-1°  and 
[M]d- 164-2°. 

In  acétone  : 

an -2-11°  when  c  =  4-497,  «  =  22°,  and  1  =  1  dcm.,  whence  [a]i,  -  46-9° 
and[M]D-172-]°. 

A  fresh  solution  in  epichlorohydvin  gave  a^  -  1-25°  when  c  =  3-043, 
«  =  21°,  and  ^=1  dcm.,  whence  [a]i,-41-0°  and  [M]d-150-4°;  after 
four  days,  [a]n  had  sunk  to  -  384°. 

The  plcdinichloride,  (^^y^<^^'^'^^'^^''^^''^.,,ViG\,,  forms  buff- 

coloured  needles  which  melt  at  148  — 149°  with  décomposition;  it  is 
very  soluble  in  acétone  and  in  epichlorohydrin,  sparingly  so  in  coid 
ethyl  acétate,  and  insoluble  in  water.  Analysis  gave  the  following 
data  : 
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0-0974  gave  00193  Pt.     Pi  =  19-8. 
0-1156     „     0-1000  AgCl.     Cl  =  21-4. 
0-1156     .,      0-0494  BaSO^.     S  =  6-5. 
(C,gH3^02ClS)2,PtCl4  requires  Pt=  19-84  ;  Cl  =  2 1  6  ;  S  -  6-5  per  cent. 

It  was  found  that  wlien  dissolved  in  epichlorohydinn  : 

ud    -070"     whea    c  =  2  093,     <  =  24°,     and     ^=1      dcm.,      wlience 

[aJD  -  33-9°  and  [M]i,  -  332-9°. 

ao-0-46°  when  c=  1-363,  «  =  24°,  and  ^=1  dcm.,  whence  [a],,-  33-7^ 

and  [xM]b  -  330-9°. 

In  acétone  : 

ao-0-6r  when  c=  1-709,  «  =  22^  and  1=1  dcm.,  whence  [a]u  -  35-7° 
and  [M]d  -  350-4° 

At  présent,  the  investigation  is  being  extended  to  other  substances 
of  a  type  similai*  to  those  described  in  this  paper. 

In  conclusion,  the  author  desires  to  thaiik  Professer  Collie  for  much 
valuable  help  and  suggestion  given  while  carrying  out  thèse  experi- 
ments. 

The  expenses  of  this  research  hâve  been  defrayed   by  a  grant   from 
the  Research  Fund  Committee  of  the  Chemical  Society,  to  whom  also 
the  author's  best  thanks  are  due. 
University  Collège, 

LONDOX. 


LYII. — The     Comhination    of    Mercaptans    with     Un- 

saturated   Ketonic    Compouiids. 

By  Siegfried  Ruhemann. 

Lately  (Trans.,  1905,  87,  17)  I  hâve  shown  that,  vinder  the  influence 
of  sodium  ethoxide  or  piperidine,  oletinic  ketonic  compounds  combine 
with  mercaptans  to  yield  additive  products.  The  further  study  of 
this  reaction  seemed  to  be  advisable,  because  Posner,  on  using  as 
catalytic  agent  hydrogen  chloride  either  alone  or  in  conjunction  with 
zinc  chloride,  frequently  obtained  mixtures,  since  the  mercaptans, 
besides  acting  additively  at  the  ethylenic  linking,  partly  coudensed 
also  with  the  ketonic  group  of  the  olefinic  ketones.  Thus  Posner 
[Ber.,  1902,  35,  809)  found  that  tsoamyl  mercaptan  on  treatment  with 
benzylideneacetophenone  yielded  an  oil  which,from  a  sulphur  détermina- 
tion, he    concluded    was    a    mixture,   and    which    on    oxidatiou   with 
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potassium  permanganate  fvii'nished  a  small  quantity  of  the  sulphone, 
C6Hj,-CH(S02-C5Hi^)-CH2-CO-C(jKj,.  As  shown  in  tliis  paper,  on 
employing  piperidine  as  catalytic  agent,  tliere  is  tluis  formed  the 
additive  compound,  isoamylthiolbenzylacetophenone, 
CgH5-CH(S-C5Hi-J-CH,-00-06H„ 
which  melts  at  49 — 50°.  In  my  former  communication  (loc.  cit.),  the 
action    of    mercaptans    on    varions  mono-olennic    ketonic    compounds 

I 
containing    the  grouping  -CH!CH*CO-   has   been  described  ;   I  hâve 

since  applied  this  reaction  to  several  other  members  of  this  type  of 
ketones,  namely,  benzylidenedeoxybenzoin  and  ethyl  benzylidene- 
benzoylacetate.  The  behaviour,  also,  of  piperidine  towards  a 
mixture  of  phenyl  mercaptan  and  bromobenzylideneacetophenone, 
C,.II.'CBr!CH'CO"0(jH.,  has  been  studied,  with  the  unexpected  resuit 
that  phenylthiolbenzylacetophenone  is  formed,  identical  with  the  sub- 
stance which  is  produced  by  the  union  of  phenyl  mercaptan  with 
benzylideneacetophenone. 

I  hâve  previously  {loc.  cit.)  shown  that  cinnamylideneacetophenone, 

the  di  olefinic  ketone  of  the  type  -CIC'CiC'CO-,  unités  with  one 
molécule  only  of  a  mercaptan,  and  that  this  resuit  differs  from 
Posner's  statement  {Ber.,  1904,  37,  509),  according  to  which  this 
ketone  foi-ras  additive  products  with  two  molécules  of  mercaptans. 
Prof.  Posner  has  since,  by  letter,  recognised  the  erior  and  confirmed 
my  resuit  that  the  compound  which  is  formed  from  cinnamylidene- 
acetophenone and  phenyl  mercaptan  has  the  formula 

c^h.-ch:ch-ch(s-c\.ïïô)"CHo-co-CcH.. 

Af  ter  having  established  the  behaviour  of  mei-captans  towards  this 
di-olefinic  ketone,  it  seemed  probable  that  Posner's  statement  as  to  the 
action  of  mercaptans  on  cinnamylideneacetone  was  also  not  correct. 
In  his  paper  {loc.  cit.),  he  records  the  expérimental  results  of  one  of 
his  pupils  who  tlius  has  obtained  oils  which  he  has  been  able  to 
transform  into  disulphones,  whilst  he  has  failed  in  producing  a 
sulphone  on  oxidising  the  additive  compound  of  benzylideneaceto- 
phenone with  phenyl  mercaptan.  I  hâve  found,  indeed,  that  my  view 
is  correct,  for  cinnamylideneacetone  unités  with  one  molécule  only  of 
phenyl  mercaptan  to  yield  the  substance 

c^h,-ch:ch-ch(s-C6H,)-ch2-co-ch3, 

which  is  not  an  oil,  but  a  solid  melting  at  53 — 54°. 

In  the  light  of  thèse  results,  it  may  be  expected  that  cinnamylidene- 
benzylideneacetone,  CgH-'OHICH-CHICH-CO-CHiCH-C^H-,  will form 
additive  products  with  two  molécules  of  mercajjtans  only. 

I  hâve  found  that  this  tri-olefinic  ketone  readily  takes  up  one 
molécule  of  either  phenyl  mercaptan  or  isoamyl  mercaptan,  and  that, 
on  using  au  excess  of  phenyl  mercaptan,  a  mixture  of  compounds  con- 
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tainiug  one  and  two  molécules  of  the  mercaptan  is  produced.  Varions 
attempts  to  separate  tliis  mixture  hâve  been  unsuccessful. 

Like  the  olefinic  ketones,  so  do  the  ketones  of  the  acétylène  séries 
form  additive  compounds  with  mercaptans.  Thèse  are  similar  to  the 
substances  which  are  produced  from  phenylpropiolic  and  acetylenedi- 
carboxylic  esters  (see  Ruhemann  and  Stapleton,  Trans.,  1900,  77, 
1181).  As  yet  I  bave  studied  in  this  connection  methoxybenzoyl- 
phenylacetylene,  CgH-'CrC-CO'C^H^-O'CHg,  which  unités  with  one 
molécule  of  phenyl  mercaptan.  This  additive  compound  differs  from 
the  substances  which  are  formed  by  the  union  of  mercaptans  with 
olefinic  ketones  inasmuch  as  it  is  deep  yellow,  whilst  the  latter  are 
almost  ail  colourless. 

Analogous  to  the  action  of  mercaptans  on  olefinic  ketones  with  the 
ketonic  group  in  open  chains  is  the  behaviour  of  the  mercaptans 
towards  olefinic  cyclic   ketones.      For  example,  I  hâve    used    benzyl- 

idenephenylmethylpyrazolone,  CgH.*IS!'<^        A'rtxT^r*  xr  '  ^^^  *^^®  P^"°' 

duct  of  the  condensation  of  benzaldehyde  with  hippuric  acid.  The 
latter  substance  bas  lately  been  recognised  by  Erlenmeyer  {Amuden, 
1904,  337,  268)  as  beuzylidenephenylazlactone, 

Both  thèse  compounds  readily  react  with  phenyl  mercaptan,  especially, 
however,  the  azlactone,  Which  unités  with  the  mercaptan  even  without 
the  use  of  a  catalytic  agent.  Whilst  benzylidenephenylmethylpyrazolone 
takes  up  one  molécule  only  of  the  mercaptan,  the  derivative  of 
azlactone  unités  with  two  molécules  of  the  mercaptan.  This  circum- 
stance,  together  with  the  fact  that  the  azlactone  ring  readily  opcns, 
leads  to  the  view  that  the  additive  compound  of  phenyl  mercaptan 
with  beuzylidenephenylazlactone  is  probably  to  be  represented  thus  : 

C,H,-CH,(S-C,Tl5)-Ç-NH-C0-C,H, 

co-s-aH, 


Expérimental. 

\&oAmyWiiolbenzylaceto}^henone, 
C^H5-CH(S-05H^i)-CH2-CO-C6Hj,. 

The  union  of  benzylideneacetophenone  with  tsoamyl  mercaptan  lias 
been  effected  by  mixing  the  ketone  (2  grams),  dissolved  in  a  little 
benzène,  with  the  mercaptan  (1  gram),  andadding  3 — 4  drops  of  piperi- 
dine.  After  standing  overnight,  light  petroleum  is  added,  when  a 
white  solid  is  precipitated  ;  this  is  washed  with  dilute  alcohol  and 
crystallised  from  boiling  alcohol,  in  which  it  is  readily  soluble.     Tiius 


464  RUHEMANX:   THE    COMBINATION    OF 

colourless  prisms  are  obtained,  wliich   melt  at   49 — 50°  and  dissolve 
in  cold  concentrated  sulphuric  acid,  yielding  a  yellow  solution. 

02019  gave  0-56SO  CO^  and  0-1407  H.,0.     C  =  76-72  ;  H  =  774. 
C^qH^^OS  requières  C  =  76-92  ;  H  =  7-69  per  cent. 

Posner  {Ber.,  1902,  35,  809),  on  using  hydrogen  chloride  as 
catalytic  agent,  obtained  from  the  ketone  and  tsoamyl  mercaptan  an 
oily  product  wliicli  lie  found  to  be  a  mixture. 

Phenylthiolbenzylacetoj^henone, 
0,,,H5-CH(S-0,.ÏÏ5)-CH2-CO'C,.H5. 

Benzyliiieneacetophenone  (2  grams),  dissolved  in  cold  benzène, 
interacts  with  phenyl  mercaptan  (1-2  grams)  on  adding  a  few  drops 
of  piperidine,  and  the  reaction  is  accompanied  by  development  of  beat. 
After  a  short  time,  the  whole  sets  to  a  semi-solid,  which  dissolves  in 
boiling  akohol  with  difficulty,  and,  on  cooling,  crystallises  in  colourless 
needles.  Thèse  melt  at  120 — 121°  and  dissolve  in  cold  concentrated 
sulphuric  acid,  forming  a  yellowish-red  solution. 

0-2010  gave  0-5825  COo  and  0-1025  HoO.     C  =  7903;  H -5-66. 
CgiHjj^OS  requires  C  =  79-24  ;  H  =  5-66  per  cent. 

This  substance  is  identical  with  that  which  Posner  (loc.  cit)  prepared 
by  the  action  of  hydrogen  chloi-ide  on  a  mixture  of  benzylideneaceto- 
phenone  and  phenyl  mercaptan.  It  is  formed,  also,  by  the  action  of 
phenyl  mercaptan  on  bromobenzylideneacetophenone. 

On  adding  piperidine  (3  grams)  to  the  mixture  of  phenyl  mercaptan 
(2  grams)  and  bromobenzylideneacetophenone  (5  grams),  dissolved  in 
alcohol,  beat  is  developed  and  a  solid  is  formed  which  crystallises 
from  alcohol  in  colourless  needles.  The  identity  of  this  compound 
with  phenylthiolbenzylacetophenone  has  been  ascertained  by  the 
melting  point  (121°)  and  the  following  analysis  : 

0-2015  gave  0-5845  COg  and  0-1040  YLff.     C  =  79-1 1  ;  H  =  5-73. 
CiHjgOS  requires  C  =  79-24  ;  H  =  5-66  per  cent 

FJienylthiolbenzyldeoxyhenzoin, 
C,H,-CH(S-C,H,).CH(C,H,)-CO-C,H,. 

Posner  {Ber.,  1904,  37,  505)  previously  studied  the  action  of 
mercaptans  on  benzylidenedeoxybenzoin,  and  found  that  additive 
products  only  were  formed  wlien  the  mixture  of  the  ketone  and  the 
mercaptan  was  dissolved  in  glacial  acetic  acid  and  the  solutions 
saturated  with  hydrogen  chloride,  the  reaction  taking  place  either  in 
the  cold  or  at  40 — 50°.  I  find  that  the  union  of  mercaptans  with 
the  olefinic  ketone  is  readily  effecteJ  by  using  piperidine  as  catalytic 
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agent,  and  I  hâve  examined,  especially,  the  additive  pi'oduct  with 
phenyl  mercaptan.  This  is  formed  by  adding  a  few  drops  of  piperi- 
dine  to  a  mixture  of  the  ketone  (2-5  grams),  dissolved  in  warm 
benzène,  and  the  mercaptan  (1  gram).  The  solution,  when  cold, 
deposits  a  solid  which  is  almost  insoluble  in  alcohol,  but  dissolves  in 
boiling  glacial  acetic  acid,  and,  on  cooling,  crystaliises  in  colourless 
needles  which  melt  at  204—205°. 

0-2000  gave  0-6022  CO.  and  0-1005  H^O.     C  =  82-12  ;  H  =  5-58. 
C27H22OS  requïres  0  =  82-23  ;  H  =  5-58  par  cent. 

The  solution  of  this  substance  in  concentrated  sulphuric  acid  is 
yellowish-red. 

EtJiyl  Phenylthiorbenzylhenzoylacetate, 
C,H,-CH(S-C,3H,)-CH(CO-C,H5)-C02-C2H,. 

Heat  is  developed  on  adding  3—4  drops  of  piperidine  to  a  mixture 
of  ethyl  benzoylacetate  (2-5  grams),  dissolved  in  benzène,  and  phenyl 
mercaptan  (1  gram).  The  solution,  which  remains  clear  after  being 
left  overnight,  is  treated  with  light  petroleum,  when  a  white  solid 
is  precipitated.  This  crystaliises  from  alcohol  in  bunches  of  colourless 
needles,  which  melt  at  100 — 101°  and  dissolve  in  cold  concentrated 
sulphuric  acid,  forming  a  yellowish-red  solution. 

0-2013  gave  0-5439  COg  and  0-1020  H.O.     0  =  73-68  ;  H  =  5-65. 
O24H22O3S  requires  0  =  73-84  ;''h  =  5*64  per  cent. 

Methyl  fi-Fhenylthiol-y-benzylidene^^rojyyl  Ketone, 
06H5-CH:OH-OH(S-OfiH-)-OH./CO-CH3. 

Posner  {Ber.,  1904,  37,  509),  in  recording  the  experiments  of  his 
pupil,  S.  Werner,  stated  that  under  the  influence  of  hydrogen  chloride 
inercaptans  reacted  with  cinnamylideneacetone  to  form  oils,  which,  ou 
oxidation,  yielded  disulphones.  I  hâve  not  studied  the  action  of 
potassium  permanganate  on  the  substances  which  are  produced  by  the 
union  of  niercaptans  with  this  di-olefinic  ketone,  because  Professer 
Posner  proposes  to  re-examine  the  results  at  which  his  pupil  arrived. 
I  hâve  only  ascertained  that  the  behaviour  of  phenyl  mercaptan 
towards  cinnamylideneacetone  is  analogous  to  the  reaction  of  niercap- 
tans with  cinnamylideneacetophenone,  and  under  the  influence  of 
piperidine  takes  up  1  molécule  only  of  the  mercaptan.  The  ketone 
(3  grams)  dissolves  in  phenyl  mercaptan  (2  grams)  on  slightly  warm- 
ing  ;  the  solution,  when  treated  with  a  few  drops  of  piperidine,  turns 
red  and  solidifies  after  a  short  time.  The  solid  dissolves  in  hot  light 
petroleum,  and,  on  cooling,  gradualiy  crystaliises  in  colourless  prisms, 
which  are  readily  soluble  in  alcohol  and  melt  at  53 — 54°. 
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0-2009  gave  0-5637  CO,  and  0-1153  H,0.     C  =  76-52;  H  =  6-40. 

0-2015     „     0-5646  CO2    „     0-1162  HgO.     0  =  76-41  ;  H  =  640. 

CjgHjgOS  requires  C  =  76-60  ;  H  =  6-38  per  cent., 

whilst    the    additive    compound    witli     2     mois,     of     the    mercaptan, 
C04H24OS2,  requires  0  =  73-46  ;  H  =  6-12  per  cent. 

The  compound  dissolves  in  coucentrated  sulpliuric  acid,  yielding  a 
deep  red  solution,  as  do  the  additive  products  of  cinnamylideneaceto- 
phenone  with  mercaptans. 

TliQ  Union  of  Mercaptans  with  Ginnamylidenehenzylideneacetone. 

The  tri  oleiinic  ketone,  O^jH.-CHICH-OHIOH-CG'CHIOH-CoHs,  pre- 
pared  after  Scholtz's  directions  {Ber.,  1896,  29,  614),  readily  unités 
with  1  mol.  of  phenyl  mercaptan,  as  well  as  isoamyl  mercaptan,  to 
form  additive  products,  which  may  be  represented  either  by  the 
formula  OeH--CH:OH-CH(SR)-OH2-CO-CH:OH-C^H5  or 

o,h,-ch:ch-oh:ch-co-ch2-ch(C6H,)-sk 

(R  denoting  CgH-  or  O-Hj^). 

The  additive  compound  with  ?soamyl  mercaptan  is  best  obtained  by 
adding  a  few  drops  of  an  alcoholic  solution  of  sodium  ethoxide  to  the 
mixture  of  the  tri-olefinic  ketone  (2-5  grams)  dissolved  in  alcohol  and 
the  mercaptan  (1  gram).  The  solid  which  sepai'ates  after  a  short 
time  is  very  soluble  in  benzène  or  chloroform,  less  so  in  alcohol,  and 
cryhtallises  from  light  petroleum  in  faintly  yellow  needies  which  melt 
at  69—70°. 

01654  gave  0-4808  COg  and  01151  H.O.     0  =  79-22;  ïï  =  7-73. 
C^H^gOS  requires  0  =  79-12  ;  H  =  7-69  per  cent. 

The  solution  of  this  substance  in  cold  concentrated  sulphuric  acid  is 
magenta-coloured. 

The  union  of  phenyl  mercaptan  with  cinnamylidenebenzylidene- 
acetone  lias  been  eiïected  by  mixing  the  ketone  (2-3  grams),  dissolved 
in  benzène,  with  the  mei-captan  (1  gram)  and  adding  4 — 5  drops  of 
diethylamine.  After  a  few  minutes,  a  solid  séparâtes,  and  in  the  course 
of  2  hours  the  whole  mixture  sets  to  a  semi-solid.  The  additive  com- 
pound is  very  soluble  in  chloroform,  with  difficulty,  however,  in  cold 
alcohol  or  benzène,  and  crystallises  from  the  latter  solvent  in  nearly 
coloux'less  needies  which  melt  at  133 — 134°. 

0-2030  gave  0-6020  CO2  and  0-1088  H2O.     0  =  80-88;  H  =  5-95. 
0.^-H2pS  requires  0  =  81-08  ;  H  =  5-94  per  cent. 

The  solution  of   this  compound   in   concentrated  sulphuric  acid  is 
deep  purple. 
On  using  an  excess  of  phenyl  meroaptan,  I  hâve  obtained  a  product 
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whiclî  melts  indefinitely  at  127°,  and  which  is  a  mixture  of  the  ketone 
with  1  and  2  molécules  of  the  mercaptan.  I  hâve  tiied  in  vain  to 
separate  it  by  fractional  crystallisation,  différent  fractions  yielding,  on 
analysis,  numbers  intermediate  between  those  required  for  the  additive 
substances  with  1  and  2  mois,  of  the  mercaptan. 

a-  Phenylthlol-  (i-methoxyhenzoylstyrene, 
OeH5-0(S-O^H-):CH-CO-C^ÏÏ^-0-UH3. 

Methoxybenzoylphenylacetylene,  Q^^^,/Q>\(^'QO•Oç\l^'0•Ql\..,  Avhich 
Stockhausen  and  Gattermann  (i'er.,  1892,  25/ 3538)  prepared  by  the 
action  of  aluminium  chloride  on  a  mixture  of  phenylpi'opiolyl  chloiide 
and  anisole,  lias  since  been  studied  by  E.  R.  Watson  (Trans.,  1904,  85, 
1324),  who  showed  that  it  formed  additive  compounds  with  various 
organic  bases.  Mercaptans  also  readily  unité  with  the  acetylenic 
ketone,  but  as  yet  I  hâve  examined  only  the  additive  product  with 
phenyl  mercaptan.  This  is  formed  by  mixing  the  ketone  (2  gi-ams), 
dissolved  in  benzène,  with  the  mercaptan  (1  gram)  and  adding  a  few 
drops  of  piperidine.  Heat  is  developed,  and  the  yellow  solution,  which 
remains  almost  clear  on  mixing  with  light  petroleum,  yields  a  solid,  which 
crystallises  from  alcohol  in  yellow  plates.  Thèse  melt  at  121  — 122°  and 
dissolve  in  concentrated  sulphuric  acid,  forming  a  deep  red  solution. 

0-2005  gave  05600  00^  and  0-0944  H.p.     C  =  76-17  ;  H  =  5-23. 
C^>,HjgOoS  requires  C  =  76-30  ;  H  =  5-20  per  cent. 

A-Fhenylt]noIhenzyl-\-2)henyl-?)-methyl2)yrazol-b-one, 

C.H..N<«-9-CH3 
•    -     ^CO-CH(O.H,)-S-a,H, 

Benzylidenei^henylmethylpyrazolone  (2-2  grams),  when  dissolved  in 
benzène,  readily  reacts  with  phenyl  mercaptan  (1  gram)  even  without 
the  use  of  a  catalytic  agent  (see  Knorr,  Annalen,  1887,  238,  179). 
The  deep  red  colour  of  the  solution  rapidly  fades,  and  in  the  course  of 
a  day  deposits  a  white  solid  ;  this  inci-eases  in  quantity  on  adding 
light  petroleum,  but  at  the  same  time  an  oil  is  precipitated  which 
converts  the  solid  into  a  pasty  product.  Its  solution  in  bot  dilute 
alcohol,  on  cooling,  yields  colourless  needles  which  melt  at  140°  to  a 
red  liquid. 

0-2019  give  0-5490  CO^  and  00993  H^O.     C  =  7415j  H  =  5-46. 
0-2168     ,,     14-3  ce.  moist  nitrogen  at  19°  and  764  mm.      N  =  7  62. 
C23H20ON2S  requires  C  =  74-15  ;  H  -  5-46  ;  N  =  7-52  per  cent. 

The  solution  of  this  substance  in  boiliug  alcohol  is  red,  but  on 
cooling  it  becomes  light  yellow  ;  cold  concentrated  sulphuric  acid 
dissolves  the  compouud,  yielding  a  deep  red  solution. 
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Action  of  Plienyl  Mercaptan  on  Benzylidenej^henylazlactone. 

The  condensation  of  aldéhydes  with  hippuric  acid  has  been  carefully 
studied  by  E.  Erlenmeyer,  jun.  For  the  préparation  of  the  compound 
which  is  formed  from  benzaldehyde  and  hippuric  acid,  I  hâve  followed 
his  directions  (Annalen,  1893,  275,  3),  and  in  examining  its  behaviour 
towards  phenyl  mercaptan  I  hâve  ascertained  that  it  forms  an  additive 
product  with  2  mois,  of  the  mercaptan.  As  has  been  stated  in  the 
introduction  to  this  paper,  the  compound  is  probably  to  be  represented 
thus  :  CeH5-CH,(S-C(;H-)-0(CO-S-C6H,)-NH-CO-OeH-.  This  substance 
is  obtained  by  adding  a  few  drops  of  diethylamine  to  the  mixture  of 
equal  weights  of  benzylidenephenylazlactone  and  phenyl  mercaptan, 
dissolved  in  benzène,  when  after  about  half  an  hour  the  whole  sets  to 
a  semi-solid  mass  of  crystals.  Thèse  are  sparingly  soluble  in  boiling 
alcohol,  more  readily  in  hot  benzène,  and  on  cooling  crystallise  from 
the  latter  solvent  in  colourless  needles  which  melt  at  156 — 157°. 

0'2012  gave  0-5292  CO2  and  0-0908  H2O.     C- 71-73;  H  =  5-01. 
0-1965     „     5-2  ce.  moist  nitrogen  at  15°  and  774  mm.     N  =  3-15. 
C28H23O2NS2  requires  C-71-64  ;  H  =  4-90  ;  N  =  2-99  per  cent. 

The  additive  compound  dissolves  in  cold  concentrated  sulphuric  acid, 
yielding  a  yellow  solution  which  gradually  darkens  and  finally  becomes 
deep  red. 

GON VILLE   AND   CaIUS   COLLEGE, 

Cambkidge. 


LVIIL — The    Tautomerism  of  Acetyl  Thiocyanate. 

By  AuGUSTUs  Edward  Dixon  and  John  Hawthorne. 

It  is  now  fairly  well  established  that,  among  the  products  result- 
ing  from  the  interaction  of  metallic  thiocyanates  with  varions 
organic  acid  chlorides,  there  is  so  far  not  one  which,  if  placed  iinder 
suitable  conditions,  cannot  behave  as  thiocarbimide. 

On  the  other  hand,  it  is  doubtful  if  any  acid  thiocarbimide  has 
yet  been  produced  from  which  it  is  impossible  to  obtain  indications 
of  thiocyanic  character  (see  Trans.,  1904,  85,  807).  In  a  few  cases, 
no  doubt,  for  example,  that  of  benzoylthiocarbimide,  PhCO'NCS, 
the  characters  are,  for  ail  practical  purposes,  entirely  thiocarbimidic, 
the  substance,  which  is  moderately  easily  decomposed  by  contact 
with  water,  yielding  thereby  no  thiocyanic  acid  (Miquel,  Ann.  Ghim. 
.,  1877,  [v],  11,  302),  but  carbon  oxysulphide  instead.     Never- 
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theless,  eveu  from  tliis  well-defined  compound,  Wheeler  {Avier. 
Chem.  J.,  1901,  26,  349),  by  treating  the  alcoholic  solution  with 
sodium,  lias  succeeded  in  obtaining  the  reaction  for  a  thiocyanate, 
and  lie  l'ecords  experiments  by  T.  B.  Johnson,  from  which  it  appears 
that,  when  caused  to  interact  with  ethyl  sodiomalonate,  sodium 
formanilide,  and  other  sodium  derivatives,  the  NCS  group  is  with- 
drawn  as  sodium  thiocyanate.  That  treatment  so  severe  as  this  is 
necessary  to  develoj)  its  thiocyanic  character  is  évidence  showing 
how  feebly  the  latter  is  retained  :  it  may  be  added  that,  so  far  as 
is  known  at  présent,  this  pronounced  tendency  to  exert  thio- 
carbimidic  functions  is  mainly,  if  not  entirely,  confîned  among 
derivatives  of  the  form  E-CO-NCS,  to  those  in  which  the  hydro- 
carbon  radicle,  R,  is  benzenoid  in  nature.  If  R  is  aliphatic,  the 
ability  of  the  combined  NCS  group  to  unité  directly  with  varions 
kinds  of  other  molécules  to  form  additive  compounds  is  often 
greatly  weakened,  and  in  certain  interactions  is  practically  lost, 
the  sulphuretted  group  now  entering  into  double  décompositions 
whereby  thiocyanic  acid  is  formed,  together  with  a  substituted 
amide. 

In  some  cases,  the  behaviour  of  the  CNS  group  appears  to  dépend 
almost  entirely  on  what  material  is  allowed  to  interact  with  it  : 
thus,  stearyl  thiocyanate  gave  with  benzylaniline  (Trans.,  1896, 
69,  1602)  more  than  95  per  cent,  of  the  theoretical  yield  of  stearyl- 
phenylbenzylthiourea  (sujDposing  it  to  be  purely  thiocarbimidic), 
and  with  other  bases  yields  of  90  per  cent,  and  upwards;  but  with 
ammonia  it  gave  iDractically  nothing  save  thiocyanic  acid  and 
stearamide. 

For  want  of  a  better  terni  the  power  whereby  thèse  acidic  deriv- 
atives yield  such  variable  products  has  been  called  "  tautomeric  " 
in  earlier  papers,  but  it  may  be  doubted  whether  the  word  "  tauto- 
merism,"  even  if  taken  in  a  wide  sensé,  can  projjerly  be  made  to 
include  the  phenomena  mentioned  above.  As  used  by  van  Laar 
(Ber.,  1885,  18,  648),  it  implied  the  migration,  or  rapid  oscillation, 
of  a  relatively  light  atom  in  the  molécule,  the  configuration  of 
which  thus  became  temporarily  modified;  such  a  movement  about 
the  SON  nucleus,  however,  can  scarcely  be  postulated,  consistently 
with  stable  equilibrium,  for  a  group  like  stearyl,  considering  that 
the  former  is  nearly  five  times  as  lieavy  as  the  latter. 

But  if  the  radicle  of  the  acid  cannot  be  supposed  to  move  round 
the  CNS  group,  it  is  difficult  to  understand  how  this  may  exhibit 
alternative  behaviour  as  -NCS  or  as  -SCN,  unless  ou  the  hypothesis 
that  this  whole  atomic  complex  itself  can  oscillate  in  such  a  way 
as  to  présent  either  the  nitrogen  or  tho  sulphur  to  the  carbon  of 
the   carbonyl   group.     And    if   such    an    oscillation    is  suggested   to 
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explain  the  observed  results,  the  iDrocess  may  perhaps  be  designated 
"  tautomeric  "  in  so  far  as  it  implies  a  temporary  displacement  of 
parts  witliin  a  molecnle,  otherwise  unchanged,  but  it  no  longer 
includes  the  notion  of  something  very  ligbt  as  compared  with  the 
whole  mass,  the  mobility  of  which  from  point  to  point,  without 
disturbing  or  destroying  the  gênerai  equilibrium,  is  dépendent  on 
that  relative  lightness. 

Before  proceeding  to  account  for  the  phenomena  referred  to  by 
inventing  still  another  kind  of  intramolecular  movement,  it  is 
reasonable  to  inqnire  whether  the  results,  as  well  as  others  which 
hâve  recently  been  observed,  cannot  be  exjDlained  in  terms  of  hyjoo- 
theses  already  existing. 

Two  forms  of  isomerism  are  well  known  which  seem,  at  first 
sight,  to  présent  more  or  less  similarity  to  that  now  nnder  considéra- 
tion; they  are  (i)  that  of  the  nitrites  with  the  nitro-compoiinds, 
and  (ii)  that  subsisting  between  the  isocyanides  and  the  nitriles. 
Beyond  the  fact,  however,  that  in  class  (i)  a  given  metallic  nitrite 
is  able  to  produce  both  forms  simultaneously,  there  aj^pears  to  be 
little  in  common  between  this  isomerism  and  that  of  the  thio- 
carbimides  and  thiocyanates,  and  it  is  not  further  considered  hère. 

On  the  other  hand,  the  isomerism  of  the  cyanides  and  isocyanides 
présents,  superficially  at  least,  a  good  deal  of  resemblance  to  that 
of  the  thiocyanates  and  isothiocyanates  ;  the  nature  of  this  analogy 
is  indicated  below. 

(i)  Metallic  cyanides,  by  interaction  with  organic  haloids,  yield 
sometimes  nitriles,  sometimes  *socyanides,  and  frequently  both 
together;  metallic  thiocyanates  give  rise  to  thiocarbimides  or  to 
thiocyanates,  and  occasionally,  it  would  seem,  to  mixtures  of  both. 

(ii)  î'soCyauides  show  some  tendency  to  pass,  at  high  tempéra- 
ture, into  the  isomeric  normal  cyanides  ;  in  like  manner,  the  hydro- 
carbon  thiocyanates  are  sometimes  convertible  into  thiocarbimides. 

(iii)  The  above  change  (ii),  when  once  definitely  effected,  appears 
to  be  permanent. 

(iv)  The  tendency  of  nitriles  is  to  change  principally  through 
the  addition  of  molécules,  whereas  the  ^socyanides  tend  during 
interaction  to  décompose;  with  thiocarbimides  and  thiocyanates, 
respectively,  the  like  is  true,  as  a  gênerai  rule. 

(v)  Pure  nitriles  are  reputed  to  hâve  a  not  unpleasant  odour, 
whilst  the  ?'socyanides  are  very  foul-smelling  ;  the  odour  of  thio- 
carbimides is  sharp,  but  not  disagreeable,  whilst  the  isomeric  thio- 
cyanates hâve  often  a  very  offensive,  garlic-like  smell. 

There  are  a  good  many  other  points  of  resemblance,  besides  those 
set  forth  in  the  foregoing  list,  but  the  analogy  is  not  jDerfect  in 
every  détail,  and  must  not  be  pressed  too  far;  the  boiling  points. 
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for  instance,  of  the  nitriles  lie  above  those  of  the  /socyanides, 
whereas  the  thiocarbimides  boil  at  lower  températures  than  the 
isomeric  thiocyanates. 

Our  knowledge  of  the  relations  siibsisting  between  the  normal 
and  iso  cyanogen  compounds  has  been  summed  np  by  J.  Wade  in 
a  paper  on  the  constitution  of  the  metallic  cyanides  (Trans.,  1902, 
81,  1596),  wherein  he  shows  that  the  pi'odviction  of  nitrile,  as  well 
as  isocyanide,  during  the  interaction  between  metallic  cyanides  and 
organic  haloids  cannot  adequately  be  explained,  either  by  the 
hypothesis  of  isomeric  conversion  (of  initially  formed  ^'socyanide 
into  nitrile)  or  by  the  hjrpothesis  of  tautomerism,  in  van  Laar's 
sensé,  of  the  metallic  cyanide  used,  but  is  intelligible  on  the  suppo- 
sition that  additive  compounds  are  first  formed  from  a  metallic 
îsocyanide,  and  are  subsequently  decomposed.  In  this  way,  the 
production  of  propionitrile  from  potassium  îsocyanide  can  be  ex- 
plained : 

(i)  k-n:c  +  EtI  =  K-N:CIEt. 
(ii)  K-NICIEt   =    Kl    +   NiCEt. 

In  this  paper  he  conjectures  also  that  the  additive  hypothesis 
might  serve  to  explain  the  production  of  methyl  isocyanate  from 
silver  cyanate  without  its  being  necessary  to  suppose  that  the  silver 
is  in  direct  union  with  the  nitrogen  : 

AgO'CN   +   Mel   =    AgO-CIINMe   =    Agi   +   OiCINMe. 

However  this  may  be  as  regards  oxygen  compounds,  it  eau 
scarcely  explain  the  formation  of  the  corresponding  sulphur  deriva- 
tives,  for  amongst  satux'ated  hydrocarbon  haloids  it  is  very  rarely 
that  a  thiocarbimide  is  produced  by  interaction  with  a  metallic 
thiocyanate,  and  in  the  case  of  unsaturated  alkylogeus  the  change 
from  a  thiocyanate,  first  formed,  into  a  thiocarbimide  can  easily 
be  followed.  Wheeler,  in  fact,  has  gone  so  far  as  to  lay  down  the 
principle,  that  in  no  case  is  a  tmie  thiocarbimide  initially  produced 
by  interaction  with  a  metallic  thiocyanate,  but  that,  when  one  does 
appear,  it  originates  indirectly  through  the  isomeric  rearrangemeut 
of  the  corresponding  thiocyanate. 

In  the  case  of  acidic  derivatives,  namely,  those  containing  the 
group  R'CO,  or  the  group  R'O'CO,  it  is  différent,  because,  as 
mentioned  earlier,  the  product  of  the  interaction  invai'iably  has 
the  power  to  behave  as  thiocarbimide.  This  power,  it  may  hère  be 
noted,  is  not  one  which  grows  on  keeping,  or  is  developed  by  heat  ; 
it  is  manifested  at  once,  as  soon  as  any  interaction  has  taken  place, 
and  can  occasionally  be  observed  in  solutions  which  hâve  never  been 
warmed,  or  allowed  to  become  warm  through  interaction  (compare 
Doran,   Trans.,   1901,  79,  907).     So  far  as  concerns  the   producta 
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derivable  from  aliiahatic  acids,  tlie  additive  hypothesis  will  not 
cover  ail  the  facts  necessary  for  CNS  combinations,  because  it  does 
not  explain  wliy  a  giveu  compound  of  tbis  class,  wbeii  already  pre- 
pared,  may  act  -witb  one  base  as  R-CO'NCS,  and  witli  another  as 
R-CO-SCN. 

From  tbe  fact  just  mentioned,  it  seems  reasonable  to  conclude 
tbat  tbe  différences  in  bebaviour  of  sucb  acidic  "  tbiocarbimides  " 
or  "  tbiocyanates  "  ai-e  conditioned  neitber  by  isomeric  conversion 
of  a  substance  initially  formed  nor  by  ordinary  tautomerism  (even 
if  sucb  were  admissible)  of  tbe  parent  metallic  sait;  neitber  can 
tbe  additive  bypotbesis  explain  variability  of  function  in  its  own 
product.  Tbere  seems,  in  fact,  to  be  no  escape  from  tbe  view, 
already  projDounded  definitely  by  one  of  us  (Trans.,  1901,  79,  541), 
tbat  tbere  may  exist  in  tbe  so-called  "  tbiocyanates  "  of  certain 
electro-negative  radicles  tbe  capacity  to  bebave  eitber  as  sucb  or 
as  tbiocarbimides,  according  to  tbe  conditions  under  wbicb  tbey 
are  caused  to  interact. 

Wbetber  tbis  alternative  bebaviour  of  tbe  CNS  group  is  potential 
in  tbe  group  itself,  or  wbetber  tbe  power  to  assume  one  or  otber 
form  is  somebow  conditioned  by  tbe  cbemical  nature  of  tbe  otber 
substance  presented  for  interaction,  was  still  uncertain,  wben  a 
cbance  observation,  made  in  tbis  laboratory  by  tbe  late  R.  E.  Doran, 
led  to  tbe  discovery  tbat,  in  one  interaction  at  least,  tbe  power 
of  tbe  sulpburetted  acidic  compound  to  act  as  tbiocarbimide  or  as 
tbiocyanate  is,  for  ail  practical  purposes,  dépendent  neitber  on 
tbe  contained  sulpbur  i-adicle  nor  on  tbe  cbemical  nature  of  the 
molécule  presented  to  it,  but  is  simply  a  function  of  tbe  temjDerature 
at  wbicb  interaction  is  caused  to  occur.  Tbe  particular  case  i-eferred 
to  is  tbat  wbere  Miquel's  "  acetyl  tbiocyanate  "  and  aniline  are 
mixed  togetber  in  présence  of  dry  benzène  :  if  tbe  mixture  is  made 
at  tbe  boiling  point  of  tbe  solutions,  tbe  constitiients  unité,  in  tbe 
main,  to  form  acetylpbenyltbiocarbamide, 

CHg-CO-NCS   +   C^H.-NHo   -   CHg-CO-NH-CS-NH-C^Hs, 

wbereas,  if  tbey  are  brought  into  contact  near  tbe  freezing  point 
of  water  but  little  tbiocarbamide  is  formed,  the  materials  under» 
going  instead  a  double  décomposition,  tbus  : 

CHg-CO-SCN   +    CgH^-NH.,  =    Cïïg-CO-NH-C^H-    +   H-SCN. 

A  paper  setting  fortb  thèse  results,  and  describing  briefly  tbe 
metbods  whereby  tbey  were  attained,  bas  recently  been  published 
(Trans.,  1905,  87,  331).  Unhappily,  the  work  bad  scarcely  passed 
the  stage  of  mère  preliminary  experiment,  wben  it  was  terminated 
by  Doran's  early  deatb. 

As  the  expérimental  metbods  adopted  in  thèse  preliminary  triala 
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were  capable  of  affording  only  very  rough  approximations  to  the 
actual  values,  we  hâve  undertaken  to  pursue  the  study  further, 
with  esp'ecial  référence  to  the  more  précise  détermination  of  the 
weights  of  thiocarbamide  and  of  thiocyanic  acid  produced,  and  to 
the  maintenance  of  more  imiform  températures  during  the  inter- 
actions. So  far,  we  hâve  examined  only  the  aniline-acetyl-"  thio- 
cyanate  "  system. 

Expérimental. 

The  acetyl  thiocyanate  was  usually  prepared  by  warming  on  the 
water-bath,  in  a  reflux  apparatus,  a  mixture  of  pure  acetyl  chloride, 
excess  of  lead  thiocyanate,  and  benzène,  toluène,  or  xylene,  carefully 
dried  over  sodium;  when  interaction  was  complète,  the  liquor  was 
filtered  off  at  the  pump  and  used  without  delay,  because  the  pro- 
duct  soon  changes,  becoming  reddish-brown,  and,  later  on,  dark  and 
turbid.  In  some  cases,  the  thiocyanate  itself  was  first  isolated 
according  to  Miquel's  directions  {loc.  cit.),  further  purified  by  one 
or  more  rectifications,  and  then  diluted  with  one  of  the  above- 
mentioned  solvents  :  no  différence  of  any  account  was  observed  in 
the  results  when  using  such  material,  except  that  somewhat  larger 
total  yields  were  obtained  than  where  the  first  process  was  em- 
ployed,  the  deficienc}'-,  when  starting  from  acetyl  chloride,  arising 
probably  through  a  slight  loss  of  this  substance  by  volatilisation. 
Incidentally,  it  may  be  noted  that  the  boiling  point  of  acetyl  thio- 
cyanate lies  slightly  above  the  température  (132 — 133°)  given  by 
Miquel,  a  sample  thrice  distilled  boiling  at  about  134-5°. 

The  aniline  used  was  prepared  from  the  sulphate,  and  when  freed 
from  water  and  redistilled,  the  boiling  point  of  a  litre  varied  by 
less  than  1°  throughout  the  distillation. 

In  each  experiment,  whether  ready-formed  acetyl  thiocyanate 
was  employed  or  that  prepared  in  solution  from  the  chloride,  the 
amount  taken  was  always  about  505  grams,  and  the  volume  of 
solvent  Avas  kept  approximately  constant,  being  about  50  to  80  ce, 
except  in  a  few  cases  at  low  température,  where  the  bulk  was  in- 
creased.  When  operating  at  médium  températures,  the  process  was 
conducted  by  charging  a  stoppered  burette  with  a  mixture  of  9-3 
gi-ams  (2  mois.)  of  aniline  with  10  ce.  of  solvent,  and  dropping  the 
liquid  slowly  into  the  solution  of  the  thiocyanate,  contained  in  a 
flask,  surrounded  by  water  at  the  reqitired  température,  and  kept 
constantly  in  motion,  with  a  view  to  preclude  local  accumulation 
of  the  base.  A  thermometer  with  small  bulb  was  immersed  in  the 
contents  of  the  flask,  and  the  rate  of  introduction  of  the  aniline 
was  so  regulated  that  the  variation  of  tem2Derature  of  the  reagents 
rarely  exceeded  1°.  Any  considérable  excess  of  aniline  was  found 
to  render  the  products  oily  and  difîicult  to  handle;  therefore  its 
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admission  was  stopped  when  the  free  base  could  be  detected  in  tlie 
solution. 

At  low  temiDeratures,  the  water-bath  is  replaced  by  a  suitable 
cooling  mixture,  and  the  aniline  solution  is  run  in  from  a  pipette, 
the  bulb  of  which  is  immersed  in  ice  and  sait.  Combination 
occurs  vigorously,  with  development  of  much  heat,  so  that  caution 
is  necessary  in  mixing  :  forty-five  minutes  is  little  enough  to  allow 
for  the  saturation  of  5  grams  of  thiocyanate,  and  the  base  must 
be  added  uniformly,  as  well  as  slowly,  for  otherwise  the  heat  evolved 
locally  may  bring  about  very  inaccurate  results — in  fact,  a  number 
of  our  earlier  experiments,  made  before  the  necessity  for  slowness 
in  working  had  been  appreciated,  were  so  discordant  as  to  be 
worthless. 

At  the  higher  températures,  from  70°  upwards,  the  danger 
from  local  overheating  becomes  less  marked,  since  the  products  tend 
to  remain  dissolved  in  the  hot  liquid,  instead  of  separating  out  as 
a  paste;  but  other  difficulties  now  arise.  In  the  first  place,  the 
rate  of  change  of  function  of  acetyl  thiocyanate  becomes  much  more 
rapid,  so  that  a  comparatively  small  error  in  the  maintenance  of 
the  température  of  interaction  exerts  a  relatively  great  influence  on 
the  proportions  of  the  products  :  in  the  second  place,  hydrogen 
sulphide  is  evolved,  thereby  withdrawing  a  portion  of  the  sulphur 
from  the  system;  and  thirdly,  aniline  thiocyanate  tends  at  high 
températures  to  undergo  isomeric  change  into  phenylthiourea.  Of 
thèse  difficulties  the  first  can  obviously  be  met  by  précision  in  the 
establishment  of  the  température,  but  unfortunately  this  cannot 
well  be  secured  in  most  cases,  save  by  compelling  graduai  inter- 
action, and  slowness  is  a  condition  incompatible  with  the  avoidance 
of  the  other  troubles.  As  it  seemed  most  important  to  avoid  the 
loss  of  essential  material,  or  the  conversion  of  one  of  the  two  sub- 
stances, the  proportions  of  which  were  under  measurement,  into  the 
other  (thiocyanate  into  thiocarbamide),  we  hâve  worked  as  quickly 
as  possible  at  the  highest  températures,  rapidly  cooling  the  pro- 
ducts as  soon  as  the  mixture  was  completed  ;  in  thèse  circumstances, 
no  considérable  loss  of  hydrogen  sulphide  occurs,  and  the  amount 
of  isomeric  change  undergone  by  aniline  thiocyanate  in  the  course 
of  a  few  seconds  (or  even  of  minutes)  is  probably  of  small  account. 
But  in  such  cases,  the  measurement  of  température  was  not  exact  to 
within  a  few  degrees. 

At  the  highest  températures,  a  clear  liquid  results,  from  which, 
as  it  cools,  a  crystalline  mass  is  deposited;  at  low  températures,  a 
precipitate  forms  at  once,  which  either  is  solid,  or  else  solidifies 
during  the  slow  course  of  the  interaction.  When  working  at  inter- 
mediate  températures — say  from  10°  to  70° — an  oil  séparâtes,  eveu 
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although  ail  tlie  materials  are  very  carefully  di-ied;  but  in  such 
cases,  if  the  mixture  is  cooled  and  shaken  for  a  while,  the  oil 
presently  grauulates,  and  then  can  be  dealt  with  easily.  An  equal 
volume  (but  uot  more)  of  light  j^etroleum  is  slowly  added,  and  the 
mixture  allowed  to  remaiu,  preferably  for  not  less  than  an  liour, 
without  access  of  moisture;  then  the  liquor  is  drawn  off  at  the 
pump,  the  residue  washed  with  a  mixture  of  benzène  and  light 
petroleum  in  equal  volumes,  and  finally  with  light  petroleum  alone. 
The  main  residue  is  j)owdered,  dried  for  many  hours  at  a  gentle 
heat,  and  weighed  :  the  liquor,  when  evaporated  at  the  atmospheric 
température,  leaves  a  trifling  amount  of  solid,  together,  perhaps, 
with  a  little  aniline;  the  latter  can  be  removed  by  treatment  with 
a  few  ce,  of  the  benzene-ligroin  mixture  and  subséquent  washing 
with  ligroin.  The  weight  of  solid  thus  obtained  is  generally  in- 
significant,  amounting  to  one-  or  two-tenths  of  a  gram  in  100  ce. 
of  liquor. 

Anahjsis  of  the  Products. — By  the  method  just  described  the 
products  were  resolved  into  two  parts,  (i)  the  material  which 
separated,  and  (ii)  the  soluble  portion  recovered  from  the  mixture 
of  hydrocarbon  solvents.  Of  the  total  weight  obtained,  the  former 
constituted,  on  the  average,  about  97  per  cent.,  and  consisted  of 
acetylphenylthiocarbamide,  together  with  aniline  thiocyanate  and 
acetanilide  ;  the  latter  contained  thiocarbamide  and  anilide,  but  no 
measurable  amount  of  thiocyanate. 

After  drying  the  main  crop  to  a  constant  weight,  the  whole  was 
ground  up  with  water  and  washed  on  a  filter  with  successive 
quautities  of  cold  water,  until  the  washings  ceased  to  give  any  red 
coloration  with  ferrie  chloride;  the  filtrate  was  then  made  up  to 
250  ce,  further  diluted,  if  necessary,  to  one-eighth  of  the  original 
strengtli,  and  the  contained  thiocyanic  acid  determined  by  Barnes 
and  Liddle's  method,  using  sodium  hydrogen  sulphite  and  standard 
copper  sulphate,  with  potassium  ferrocyanide  as  indicator.  The 
weight  of  aniline  thiocyanate  was  calcvilated  as  a  percentage  of  the 
Joint  total  yield,  and,  since  the  amount  of  acetanilide  formed  is 
conditioned  by  that  of  the  aniline  sait,  the  svim  of  the  two  was 
calculated  also  as  a  percentage  of  the  total  prodvict. 

In  well  conducted  experiments,  the  residvie  after  extraction  by 
water  was  pure  white,  or  nearly  so  ;  it  was  collected,  dried  by  pro- 
longed  gentle  heating,  and  Aveighed  :  it  could  consist  either  of 
acetanilide  alone,  of  acetylphenylthiocarbamide,  or  of  a  mixture  of 
both. 

As  a  means  of  determining  the  proportion  of  thiocarbamide 
présent,  a  weighed  quantity  of  this  residue  in  alcoholic  solution 
was    boiled    with    excess    of   N j\Q    silver    nitrate    in    présence    of 
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ainmonia,  tlie  precijoitated  siiliDliide  filtered  off,  and  the  amount  of 
residual  silver  measured  by  Volbardt's  method,  using  standard 
ammonium  thiocyanate.  Test  experiments,  made  with  pure  acetyl- 
phenylthiocarbamide,  gave  sharply  quantitative  numbers,  and  on 
repeating  with  a  mixture  of  tbis  substance  witb  its  own  weigbt  of 
pure  acetanilide,  the  method  proved  equally  satisfactory,  and  was 
therefore  adopted. 

Acetylphenylthiocarbamide  is  not  quite  insokible  in  watei-,  and 
hence  a  little  passed  into  sokition  in  the  water  used  for  extracting 
the  aniline  thiocyanate  ;  its  amount  was  determined  by  precipitating 
a  known  bulk  of  the  solution,  beated  previously  to  boiling,  with 
ammonia  and  silver  nitrate,  and  treating  the  jDreciiDitate  alteniately 
with  boiling  water  and  warm  ammonia  until*  silver  sulphide  alone 
was  left;  the  residue  was  then  dried,  weighed,  and  calculated  as 
acetylphenylthiocarbamide.  Another  method,  adopted  in  cases 
where  the  quantity  of  thiocyanate  was  small,  consisted  in  treating 
the  solution  with  excess  of  standard  silver  nitrate  in  présence  of 
ammonia,  acidifying  with  dilute  nitric  acid,  filtering,  and  deter- 
mining  the  residual  silver  nitrate  ;  by  deducting  from  the  total  silver 
absorbed,  that  required  to  form  thiocyanate,  the  différence  indicated 
the  thiocarbamide.  Naturally,  the  quantity  of  dissolved  thio- 
carbamide  varied  somewhat  in  différent  extracts,  the  highest  and 
the  lowest  of  half  a  dozen  déterminations  being  0-2  and  008  re- 
spectively,  and  the  average  about  014  gram  :  the  number  being  so 
small,  compared  with  the  total  amount  of  products,  it  was  not  con- 
sidered  necessaxy  to  measure  it  in  every  case. 

From  the  hydrocarbon  solvents,  after  evaporatiou  and  removal  of 
the  surplus  aniline,  little  was  obtained,  the  précipitation,  if  the 
time  of  standing  with  light  j^etroleum  was  not  too  short,  being 
nearly  complète.  On  the  average,  less  than  0-4  gram  was  recovered 
from  the  solvents,  and  of  this  residue,  one-fourth,  or  thereabouts, 
consisted  of  thiourea,  the  amount  of  which  was  determined  either 
by  the  production  of  silver  sulphide  or  else  by  the  direct  volu- 
metric  method  described  above.  Practically,  it  may  be  reckoned 
that  nearly  01  gram  of  acetylphenylthiocarbamide  remains  dissolved 
in  each  100  ce.  of  solvents  :  in  most  of  our  experiments,  this  would 
represent  less  than  one  per  cent,  of  the  total  weight  of  j^i'oducts 
obtained. 

Siuce  the  j^reparations  were  conducted  under  nearly  uniform 
conditions,  save,  of  course,  as  regards  température  (and  occasionally, 
the  degree  of  dilution),  and  the  method  of  working  bas  already 
beeu  set  forth  in  gênerai  terms,  it  is  unnecessary  to  describe  the 
experiments  in  détail.  The  results  are  summarised  in  the  following 
table,  which  shows,  for  each  température  : 
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(i)  The  total  quantity  of  acetylplienylthiocarbamide  found  by 
analysis,  namely,  that  in  the  maiu  product  after  removal,  by  treat- 
ment  with  water,  of  the  admixed  aniline  thiocyanate;  that  in  the 
aqueous  extract;  and  that  obtained  from  the  hydrocarbon  solvents. 

(ii)  The  weight  of  aniline  thiocyanate,  determined  by  the  jorocess 
of  Barnes  and  Liddle,  contaiued  in  the  aqueous  estract. 

(iii)  The  weight  of  acetanilide  calculated  from  (ii),  on  the  prin- 
ciple  that,  for  each  mol.  of  thiocyanic  acid  found,  oue  mol.  of 
acetanilide  is  présent  : 


(iv)    The  sum  of  the  above  weights,  and 

(v)    The  total  weight  of  mixed  products  actually  obtained. 

Nos.  (vi),  (vii),  (viii)  show  the  relative  amounts  of  acetylphenyl- 
thiocarbamide,  aniline  thiocyanate,  and  aniline  thiocyanate  +  acet- 
anilide respectively  ;  thèse  numbers  are  calculated,  each  as  a  per- 
centage  of  (v),  that  is,  of  the  total  quantity  of  mixed  products 
determined  by  direct  weighing. 


Température...     -12'.      10'.     30'.      50'. 
(i)  Weight  of 

CSN'oH.jAcPh  ...     0-58     070     0-92     1-57 
(ii)  Weight  of 

rhXH2,HSCN...     6-38     5-27     5-24     4-87 
(iii)  Weight  of 

AcNHPh    calcu- 
lated from  (ii)  ...     .'.-66     4-68     4 
(iv)  Suui   of  the  above 

weights 12-62  10-05  10 

(v)  Total   products  by 

direct  weighing..   12-81  10-81  10 
(vi)  CSNoHsAcPh    per 

cent.'. 4-5       6-5       8 

(vii)  PhN„,HSCX      per 

cent 49-8     48-8     48 

(viii)  PhNH.j,HSCN  + 

AcXHPh percent.  94-0     92-0     91-0     85-0 


3-64 
3-97 

3-53 


Above 
7'.     102'.     114°.    114°. 

-30     7-04     7-20     SOI 
1-02     0-51     0-11 


■60 


•30     1 


66     4-33 

82  10-77  11-14  10-20  10 
88  10-82  11-03  10-00  10 
5  14-5  33-0  53  0  09 
2  45-0  36-0  26-0  15 
-0  49-0  30 


-44  0-45  0-10 
-10  8  16  8-22 
-21     8-32     8-48 

■0  86-5     94-5 
-0       6-1       1-3 

-0  11-5       2-5 


Considering  the  rather  small  scale  on  which  thèse  experiments 
were  conducted,  no  very  great  précision  could  be  looked  for  in  the 
results,  which,  in  fact,  sometimes  differed  from  one  another  in 
duplicate  experime^nts  at  a  given  température  by  several  units  per 
cent.  ;  where  any  material  discrejoancy  arose,  the  process  was  re- 
peated  (occasionally  three  or  four  times),  and  the  mean  taken  of  the 
most  concordant  numbers.  By  increasing  the  weight  of  thiocyanate 
employed  for  each  measurement  to  15  or  20  grams,  results  could 
probably  be  obtained  which  were  accurate  to  witliin  one  per  cent., 
provided  that  the  duration  of  mixing  was  proportionately  extended — 
say,  to  four  or  five  hours  at  any  température  below  50".  At  low 
températures  the  process  is  very  seusitive,  and  if  the  rate  of  mixing 
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is  hurried  or  irregular,  the  proportion  of  tliiocarbamide  forined  at 
abolit  0°  niay  increase  to  10  per  cent,  or  even  higher,  witli,  of 
course,  a  corresponding  diminution  in  the  proportion  of  thiocyauate. 
Sometimes,  although  rarely,  notwithstanding  that  every  care  seems 
to  bave  been  used,  perplexing  irregularities  occur;  for  example,  in 
one  experiment,  conducted  with  a  pure  sample  of  acetyl  thiocyanate 
at  —12°,  a  thermometer  immersed  in  tbe  pasty  mixture  showed 
a  variation  of  2°  at  most,  yet  tbe  yield  of  aniline  thiocyanate + 
acetanilide  reached  only  87-5  per  cent. — that  is,  some  seven  .or 
eight  units  below  the  normal  amount. 

Ourve  shotcmg  the  influence  of  température  on  the  interaction  hetiveen  acetyl 
thiocyanate  and  anilirie. 
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According  to  our  expérience,  the  method  employed  for  the  déter- 
mination of  thiocyanic  acid  is  not  quite  accurate;  whatever  error 
arises  in  the  measurement  of  the  thiocyanic  acid  is  increased  by 
nearly  five  times  when  this  is  calculated  to  aniline  thiocyanate  +  acet- 
anilide: the  siim  could  amount  to  fully  2  per  cent.  We  always 
made  two  or  more  déterminations  so  as  to  reduce  this  error. 

In  the  accompanyiug  curve,  against  the  température  (abscissse)  are 
plotted  as  ordinates  the  yields,  reckoned  as  percentages  of  the  total 
product,  of  (i)  acetylphenylthiocarbamide,  (ii)  the  aniline  thio- 
cyanate, (iii)  the  latter,  together  with  the  corresponding  (calculated) 
amount  of  acetanilide.  Curves  (i)  and  (iii)  are  practically  identical 
in  shape,  and  eut  one  another  at  about  87°,  at  which  température 
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tlie  amounts  of  both  thiocarbamide  and  of  acetanilide  +  tliiocyanate 
are  tlie  same,  iiamely,  50  per  cent.  It  sliould  be  added  that  in  the 
case  wliere  the  percentage  yields  are  plotted  against  120°  on  the 
curve,  the  température  was  not  measured  :  thèse  numbers  represent 
the  results  of  a  single  experiment  made  with  a  spécimen  of  pure 
distilled  acetyl  thiocyanate  in  commercial  xylene  at  a  température 
near  the  boiling  point  of  the  mixture.  Although  the  sum  of  the 
acetanilide  and  aniline  thiocyanate  was  only  2^  per  cent,  of  the 
total,  the  acetylphenylthiocarbamide  found  did  not  reach  the  ex- 
pected  amount,  namely,  97i  per  cent.,  the  number  obtained  being 
only  94 1  per  cent. 

It  will  be  noticed  that  at  the  highest  températures  the  total 
amount  of  the  three  products,  as  determined  by  analysis  and 
referred  to  the  total  weight  of  material  actually  collected,  falls 
somewhat  short  of  100  per  cent.;  this  may  be  explained  partly  by 
the  fact  that  a  little  hydrogen  sulphide  escapes,  and  partly  through 
the  production  of  a  small  quantity  of  phenylthiourea  ;  the  bitter 
taste  of  this  substance  could  be  detected  in  the  residues,  after  ex- 
traction by  water,  of  préparations  made  at  100°  and  upwards. 

The  maximum  amount  of  aniline  thiocyanate  obtained  in  any 
experiment  was  50  per  cent.  ;  if  no  thiocarbamide  whatever  were 
formed,  but  the  SCN  group  produced  aniline  thiocyanate  quantita- 
tively,  the  corresponding  number  would  be  53  per  cent.  In  some 
of  our  experiments,  the  residue  after  extraction  by  water  contained 
no  measurable  amount  of  acetylphenylthiocarbamide,  the  traces 
formed  being  distributed  between  the  aqueous  extract  and  the 
hydrocarbon  solvents,  but  in  no  case  was  it  entirely  absent. 

One  experiment,  made  to  test  a  spécial  point,  requires  individual 
mention.  Acetyl  thiocyanate,  while  undergoing  distillation  under 
the  ordinary  pressure,  is  subjected  to  a  somewhat  liigh  température 
(134 — 135°),  a  condition  which  might  dispose  it  towards  isomeric 
rearrangement  into  the  corresponding  thiocarbimide.  That  such 
change  does  not  occur,  at  least  to  any  material  extent,  is  évident 
from  the  facts  that  the  boiling  point  undergoes  no  change  by  re- 
peated  distillation  of  the  substance,  and  that  the  distillate,  if  treated 
with  well-cooled  aniline,  yields  a  product  containing  less  than  one- 
twentieth  of  its  weight  of  acetylphenylthiocarbamide.  It  seemed 
possible,  however,  that  the  rate  of  conversion  of  thiocyanate  into 
thiocarbimide  might  be  so  slow  that  little  of  this  would  be  formed 
during  the  short  time  occupied  by  a  distillation;  whilst,  on  the 
other  hand,  the  prolonged  opération  of  mixing  with  aniline  might 
afford  sufficient  time  for  the  isomeride  to  be  produced.  If  so,  aniline 
thiocyanate  would  be  formed  at  first  and  the  acetylphenylthio- 
carbamide later  on,  and  if  the  rate  of  isomeric  change  increased 
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witla  the  température,  tlie  observed  plienomena  woiild  be  explained. 
Such  a  hypothesis  does  not  harmonise  very  well  witli  the  fact  tliat 
acetylplienyltliiocarbamide  is  produced  abundantly  at  liigli  tem- 
l^ei-atures,  even  wlien  the  time  of  interaction  is  reduced  to  a  few 
seconds;  but  thèse  quickly  conducted  experiments  (in  boiling 
toluène,  &c.)  were  not  performed  until  near  the  end  of  the  séries, 
and  meanwhile  the  validity  of  the  above  conjecture  was  tested 
directly,  as  follows. 

One  préparation  was  effected  in  the  usual  way  at  50°,  the  products 
being  carefully  measured  ;  another  experiment  was  now  carried  eut, 
using  a  portion  of  the  same  sample  of  acetyl  thiocyanate,  and 
parallel  in  every  respect,  save  that,  before  treatment  with  aniline, 
the  acetyl  compound  was  kept  for  two  hours  at  the  température  of 
interaction,  namely,  50°.  Since  the  process  of  mixing  occupied 
nearly  three-quarters  of  an  hour  in  each  case,  the  entire  duration 
of  heating  in  the  latter  was,  roughly,  four  times  that  of  the  former, 
and  consequently,  if  isomeric  change  were  occurring  gradually  under 
the  influence  of  heat,  the  total  yields  must  be  différent,  and  the 
like  must  hold  for  the  relative  proportions  of  thiocyanate  and  of 
thiocarbamide. 

This,  however,  was  not  the  case  :  the  total  yields  in  both  cases 
were  practically  the  same  (10-85  and  10-87  grams,  respectively)  ; 
the  percentages  of  contained  thiocyanate  were  identical  (44),  whilst 
the  percentage  of  acetylphenylthiocarbamide  in  the  second  experi- 
ment, instead  of  being  increased,  was  somewhat  less  than  in  the 
first.  From  thèse  and  the  other  experiments  mentioned,  we  con- 
clude  that  the  change  of  function  conditioned  by  change  of  tempéra- 
ture in  acetyl  thiocyanate  when  this  interacts  with  aniline 
is  not  of  that  permanent  character  which  is  implied  by  the  term 
"  isomeric,"  but  is  purely  temporary,  varying  from  degree  to  degree 
according  to  the  température.  At  each  given  température 
within  wide  limits,  the  interaction  runs  a  definite  course,  which 
appears  to  be  determined  solely  by  the  existing  température,  and 
independent  of  previous  heating  or  cooling  of  the  thiocyanate. 

It  would  be  prématuré  at  this  early  stage  to  advance  a  definite 
opinion  as  to  the  cause  of  this  phenomenon  :  in  one  way,  it  présents 
a  certain  analogy  to  dissociation,  save  that  hère,  instead  of  a  com- 
pound breaking  to  a  greater  or  less  extent,  for  the  time  being,  into 
separate  groups,  a  kind  of  polarisation  may  be  conceived  to  occur, 
in  which,  with  rising  température,  the  sulphur  atom  of  the  SCN 
nucleus  tends  to  move  away  from  tlie  acetyl  residue,  and  the 
nitrogen  simultaneously  to  swing  round  towards  it,  but  without 
becoming  permanently  associated,  as  in  the  case  of  the  hydrocarbon 
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thiocarbiniides,  and  other  members  of  tlie  triie  thiocarbimidic 
class. 

The  outcome  of  tlie  présent  investigation,  in  so  far  as  it  goes  to 
IDrove  that  Miquel's  acetyl  thiocyanate,  when  interacting  with 
aniline,  behaves  at  low  températures  mainly  as  tliiocyanate  and  at 
high  températures  principally  as  thiocarbimide,  serves  to  confirm 
the  work  of  Doran,  already  mentioued.  But  as  regards  the  expéri- 
mental data  on  wliich  the  gênerai  conclusion  is  based  in  each  case, 
there  is  little  similarity;  neither,  indeed,  do  the  results  admit  of 
comparison,  since  the  methods  of  measurement  difïered  essentially. 
It  seems  probable  that  the  discrepancies  between  his  numbers  and 
our  own  were  due,  to  some  extent,  to  his  having  relied  exclusively, 
for  the  quantitative  séparation  of  the  products,  on  the  solvent  power 
of  water  and  of  diluted  alcohol,  a  method  which  we  found  unsuitable 
for  the  purpose.  Moreover,  in  his  experiments,  great  variations  of 
température  were  permitted  to  occur,  whilst,  as  already  stated,  we 
were  unable  to  obtain  concordant  data,  save  by  most  rigid  control 
of  the  température  and  by  checking  our  results  by  duplicate  experi- 
ments. 

There  is  reason  to  believe  that  the  variability  of  function  of 
acetyl  thiocyanate  and  of  cei-tain  other  thiocyanates  with  respect 
to  their  interaction  with  bases  is  not  limited  to  the  case  where 
aniline  is  employed,  and  it  is  proposed  to  extend  the  jDi'esent  inquiry, 
in  the  hope  that  fu.rther  examples  of  this  variety  of  tautomerism 
may  be  forthcomiug,  and  with  a  view  to  learu  more  about  its  nature. 

Queen's  Collège, 

COUK, 


LIX.— The  Chemical  Dynamics  of  the  Reactions  hetœeen 
Sodium  Thiosuljyhate  and  Organic  Halogen  Com- 
pounds.     Part  IL      Ilalocjen-substitutcd  Acétates. 

By  Arthur  Slator,  Ph.D. 

In  a  previous  publication  (Trans.,  1904,  85,  1286)  it  has  beeu  shown 
that  sodium  thiosulphate  reacts  readily  with  certain  organic  halogen 
compounds,  and  that  the  reactions  proceed  with  a  measurable  velocity. 
The  action  of  sodium  thiosulphate  on  the  methy],  ethyl,  and 
ethylene  haloids  is  in  most  cases  a  bimolecular  change,  the  velocity  of 
the  reaction  being  proportional  to   the  concentration  of   the   halogen 
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compound  and  to  that  of  the  thiosiilpbate.  The  investigation  of  sv^ch 
changes  has  been  extended,  and  in  the  présent  communication  an 
account  is  given  of  the  reactions  between  sodium  thiosulphate  and  the 
following  substituted  acétates  : 

CHJ-CO^-aH,  ClI.Bi-COg-C.H,  CHaCl-COg-CoH, 

CH^Br-COo-CHg  CH._,C1-C0./CH3 

CHÔBr-COoNa  CH/Jl-CO^Na. 

Thèse  acétates  react,  forming  the  compound  where  the  halogen  U 
replaced  by  the  group  NaS^Og,  thus  : 

CEgBr-CO^-CoH^  +  Na.-jS.Ps  =  NaS.Og-CH'o-CO./CoH.  +  NaBr. 

The  derivalives  can  easily  be  isolated,  and  bave  already  been  inves- 
tigated  by  Purgotti  {Gazzeita,  1892,"  22,  416). 

The  velocity  of  thèse  reactions  has  been  measured  by  the  method 
described  in  the  previous  paper  {loc.  cit.).  The  remarkable  reactivity  of 
thèse  compounds  renders  it  possible  to  make  the  measurements  in  very 
dilute  solution  and  at  a  low  température.  The  evaporation  of  the 
esters  fiom  thèse  aqueous  solutions  is  negUgible,  and  the  reaction  can 
therefore  be  carried  out  in  flasks.  Such  measurements  show  the 
changes  to  be  in  ail  cases  bimolecular,  and  undisturbed  by  subsidiary 
reactions. 

The  velocities  of  the  reactions  between  ethjl  bromoacetate  and  the 
following  thiosulphates  hâve  also  been  measured  : 

K.S.,03  BaSoOg         Na3Ag(So03)o         Na2Pb(So03)2 

(nX)2S203         SrSobg  "      '  Pi  8,03.  " 

The  results  obtained  show  that  the  reaction-velocity  is  probably 
stx'ictly  proportional  to  the  SgOg"  ion,  and  that  the  undissociated  and 
partially  dissociated  NaSgOg'  ions  hâve  no  direct  action. 

The  velocities  of  other  reactions  in  which  the  halogen-substituted 
acétates  take  part  hâve  been  measured  by  other  investigators,  but 
only  two  of  them  inv^olve  the  replacement  of  the  halogen. 

Schwab  has  investigated  the  hydrolysis  of  sodium  chloroacetate  to 
sodium  glycollate  by  the  action  of  caustic  soda  (van't  Hoff,  "  Studies  in 
Chemical  Dynamics,"  p.  15),  and  Buchanan  has  measured  the  rate  of 
transformation  of  chloroacetic  acid  into  glycollic  acid  by  the  action 
of  water  (van't  Hoff,  ibid.,  p.  14).  Thèse  reactions  were  measured  at 
a  température  of  100°,  and  proceed  much  more  slowly  than  those 
described  in  this  paper. 
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Expérimental. 

Ethyl  iodoacetate,  ethyl  bromoacetate,  and  methyl  bromoacetate 
infceract  at  25°  with  one  équivalent  of  sodium  thiosulphate  : 

0-0982  gram  C^H-02l  required  46-5  ce.  iV/100  ]::ia.^Sp^  = 

O.H^O.Iil-Ol  Na.SA- 
0-0680  gram  C^H.O.,!  reVùred  31-9  c.c.  iV^/lOO  Na.,S203  = 

04^70,1:1-00^28203. 
0-1066  gram  C^H^OaBr  required  628  c.c.  jV/100  ^828203  = 

C^H.O2Br:0-98Na2S2O3. 
0-1040  gram  C4H.02Br  required  60-8  c.'c.  iVvlOO  N'a2S20.,= 

C^HyOgBr  :  0-98  Na2So03. 
0-1052  gram  G^Up^Br  required  69-6  c"c.  iV/lOO  Na2S.,03  = 

CgH^O.Brrl-Ol  Na2S203. 

0-1206  gram  CgH^OoBr  required  78-6  c.c.  iV/lOO  Na2S.,03  = 

CaH.OoBr  :  1-00  ^828203. 

The  velocities  of  thèse  reactions  are  very  great,  and  measurements 
were  therefore  carried  out  in  very  dilute  solution  (iV/200 — ^V/lOO)  and 
large  quantities  (25 — 50  c.c.)  of  the  reaction-mixture  were  titrated. 
The  reactions  are  bimolecular,  and  the  température  quotient  is  in  each 
case  about  2-8.  In  the  following  tables  the  notation  is  the  same  as 
that  employed  in  the  previous  paper  (Trans.,  1904,  85,  1291). 


Table  I. — Ethi/l  Iodoacetate. 

Température  25°. 

Tempérât 

ure  15°. 

50  c.c.  titrated.    1  =  00111  lY. 

25  c.c.  titrated. 

1  =  00111  ^'. 

rime.     (XaoSoOa).  (CjH^OJ). 

KxC'^. 

Time. 

(NaaSA)-  (CjH^O.,!).     KxC^ 

0             22-S             21'0 

— 

0 

19-6 

16-7                 — 

5             16-6             14-8 

0-00282 

5 

16-2 

13-3            0-00320 

10             13-1             11-3 

0-00285 

15 

12-2 

9-3             0-00322 

20               9-4                7-6 

0-00283 

30 

9-05 

6-15           0-00327 

35               6 -S               5-0 

0-00279 

50 

6-95 

4-05           0-00330 

50               5-3               3-5 

0-00288 

co 

2-9 

0-0                  — 

<»                1-8               0-0 

— 

Mean 

0-00325 

Mean 

0-00283 

iir=7-i 

ir=  2 -52 

Other  expts.  gave    K=^  6  -9 

ot 

1er  cxpts.  gave 

A'=2-52 

/s:=7  0 

A'=2-61 

Mean 7-0 

Mean... 

2-55 

Température  quotient 


484 


SLATOR:    HALOGEN-SUBSTITUTED   ACETATES, 


Table  II. 

Temperatuie  25°. 
50  ce.  titrated.     1  =  0  0110  iV. 

Time.     (Na.SoO.).  (C^H^OoBr).    K--<C^ 


Ktliijl  Bromoacetate. 

Température  15°, 

25  ce.  tibrated.     1  =  00110  iY. 

Time.     (NaoSA)- (CiH^O.Bi).    KxC^ 


0 

37-25           32-85 



0 

20-45            25-45 



5 

24-7              20-3 

0-0061 

5 

15-6             206 

0-0052 

10 

18-75           14-35 

0  0002 

10 

12-45           17-45 

0  0052 

15 

15-3              10-9 

0  0062 

20 

8-6              13  6 

0  0052 

25 

ir()               7-2 

0-0061 

35 

5-0              10-6 

0-0052 

40 

8-85             4-45 

0  0001 

58 

3  4                8-4 

0-0051 

ao 

4-4                0-0 

— 

CO 

00               50 

— 

Mean 

/ir=6-3 

0-0061 

Mean 

0-0052 

Dtliei-  expts.  gave     K  =6-2 

A'=2-36 

7t  =  6-6 

El 

plicate  exiit.     A:=2-36 

Mean 6  4 

Mean 2-36 

Tem 

leiature  q 

lotient 

= 

2-75, 

Table  lU.— Met 

hyl  Bromoacetate. 

Température  25°, 

Température  15°. 

50 

ce  titrated.     1  =  0-0110  .V. 

25 

ce  titrated.     1  =  00110  i\^.          ^ 

rimt 

.    (Na^S^Oa).  (CaKsO^Br). 

K  X  Coo . 

Time 

. 

Na.SA)-  (C3H5O2B1). 

KxC^. 

0 

30-3             24-45 



0 

23-3             22  3 

— 

5 

22-5             16-65 

0-0075 

5 

18-9             17-9 

0  00091 

10 

18-15           123 

00076 

10 

15-9             14-9 

0  00092 

20 

13-6              7-75 

00076 

20 

12-15           1115 

0-00091 

30 

11-25             5-4 

0-0075 

30 

9-9                8-9 

0  00090 

50 

8-9               3  05 

00074 

40 

8-35             7  35 

0-00091 

CO 

5-85             00 

Mean 

A"=5-85 

0  0075 

00 

CO 

6-5               5-5 
1-0               0  0 

.Mean  

0-00089 
0  00091 

A'=2-09 

Duplicate  expt.     ic:  =  5  -8 

Di 

plicate  exph     A'=2-08 

- 

Mean 5-85 

Mean 2-09 

Teniperature  cpiotient  =  2-8. 

Experiments  in  which  pure  broixoaoetic  acid  was  weighed  out, 
neutralised  witli  sodium  hydroxide,  and  allowed  to  interact  at  25°  with 
exeess  of  sodium  thiosulphate  show  that  thèse  salts  react  in 
équivalent  proportions, 

0  0 190  gram  C^HaO^.Br  required  13-7  ce,  iV/100  Na^S.Og  = 

0,H3O,,Br:l-00Na2SoO3, 
0-0493  gram  C.HaO.Br  required  34-8  ce.  iV/lOO  NaoS.03  = 

C.,ff.,OoBr  :  0-98  Na,S,0,. 
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This  reaction  proceeds  much  more  slowly  than  those  just  described. 
The  température  quotient  is  smaller. 


Table  IV. — Sodium  Bromoacetate. 

Température  25°.  Température  35°. 

5  ce.  titrated.     1  =  0-00985  i\^.  10  ce.  titra ted.     1  =  0-00955  i.V. 

Time.  (Na^SaOs).  (CîlIjOaBrXa).  K  x  G^ .       Tinic.  (Na-^SoGg).  (CoH.O.BrNa).  K  x  0, 


0           22-8 

12-7 

— 

0 

31-7 

21-1 



5           20-95 

10-85 

0-0063 

5 

27-7 

17-1 

0-0065 

15           18-4 

8-3 

0-0061 

15 

22-35 

11-75 

0-0068 

33           15-6 

5-5 

0-0060 

25 

19-35 

8-75 

0-0067 

50           14-0 

3-9 

0-0060 

40 

16-45 

5-85 

0-0068 

75           12-5 

2-4 

0-0062 

70 

13-6 

3-0 

00069 

00            10-1 

0-0 

— 

00 

10-6 

0-0 

Meau 

.     0-0061 

Meau 

0-00675 

À'=  0-305 

K^ 

=  0-67 

Aûother  expt.  gave 

iir=0-315 

Température. 

K. 

Température 

fiuotieut. 

25<^ 

0-310 

^35/^25 

=     2-15 

35 

0-67 

{KJK,,fl^ 

=     2-15 

40 

0-96 

KJK^ 

=     2-05 

50 

1-95 

Mean . 


2-1 


The  chlorine-substituted  acétates  react  similarly  to  the  bromine  and 
iodine  derivatives,  but  much  more  slowly.  In  the  case  of  the  reaction 
with  sodium  chloroacetate,  velocity  measurements  had  to  be  made  at  a 
higher  température  (50 — 60°). 

0-0700  gram  C^H-O^Gl  required  57-3  ce.  iV^/100  Na.,S.,03  = 

'C4H7O.3CI:  l-00Na.^Sp3. 
00688  gram  C^H^OgCi  required  54-7"'c.c.  iV/100  ^^^28303  = 

C^H-O,Cl:0-98  Na,S.203. 
00360  gram  CgH^OgCl  required  32-2  ce.  AyiOO  Na2S203  = 

C3H5O2CI:  0-97^28203 
00765  gram  C3ÏÏ.O2CI  required  69  (3  ce.  iV/lOO  Na2S203  = 

C3H5O2CI  :  0-98  Na2S203. 
0-0748  gram  C2H3O2CI  required  73-0  ce  iV/100  Na,S203  = 

O2H3O2CI  :  0-92  Na2S203. 

The  reaction  with  sodium  chloroacetate  is  probably  accompanied  by 
some  side  reaction  which  uses  up  about  8  per  cent,  of  the  chloroacetate, 
but  this  small  disturbance  would  only  slightly  inlluence  the  velocity 
constants. 
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Table  V. — Ethyl  Cldoroacetate. 


Température  25°. 

Température  35°. 

3  ce.  titrated. 

1  =  0-00905  i\^. 

5  ce.  titrated. 

1  =  0-00965  iV. 

Tune.  (NiioS 

0             24 

10             23 

31             20 

60             18 

134             14 

215         .    12 

9 

O3).  (C.HACl). 

5  15-0 
1            13-6 

6  11-1 
35            8-85 
9               5-4 
8               3-3 
5               0-0 

0-00171 
0-00179 
0-00173 
0-00170 
000175 

Time. 
0 

15 

30 

50 

121 

00 

(NaoS.Pa).  (C^HvO.Cl). 
2'3-7            28-1 
21-35          25-75 
17-85           22-25 
14-0             18-4 
10-8             15-2 
5-65           10-05 
0-0               4-4 

0-00148 
0-00145 
0-00149 
0-00149 
0-00146 

0-00174 
,  0-058 

Meai 

1 

^=0-17 

0-00147 

Other  ex^rts.  gave 

A'=0-06] 
i:=0-06C 

3 

M 

eau.... 

....     0-060 

Température  quotieut  =2-9. 


Table  VI. — Meiloyl  Ghloroacetate. 


Température  25°. 
3  ce  titrated.     1  =  0-00975  i\; 


Température  35°. 
5  ce  titrated.     1  =  0-00965  iV. 


Time.  {l^a^S^Os).  {C^Ufi^Cl).    KxC^.       Time.  (NasS.A).  (C3HACI).    A'x  (7,, 


0 

19 

8 

16-8 

— 

0 

10 

18 

5 

15-5 

0-00055 

15 

25 

16 

8 

13-8 

000056 

26 

40 

15 

5 

12-5 

0-00055 

40 

70 

13 

35 

10-35 

0-00056 

61 

100 

11 

7 

8-7 

0-00057 

100 

310 

6 

9 

3-9 

0-00057 

3-0 

0-0 

— 

Mean 

0-00056 

^-0-057 

Anothei 

expt.  gave 

JS:- 0-060 

0 

M 

eau... 

....     0-059 

1 

28 

5 

8 

23 

2 

0- 

35 

20 

75 

0- 

0 

18 

4 

0- 

5 

15 

9 

0- 

7 

13 

1 

0- 

0 

7 

4 

Meau. 


■00242 
-00235 
•00232 
■00232 
-00231 


0-00234 


Other  expts.  gave 
Meau  .. 


:0-165 
:0-160,  0-165 

0-165 


Température  quotieut  =2-8. 
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Table  VII, — Sodium  Chloroacetale. 


Tempei"atuve  50°. 
2-98  ce.  titrated.     I  =  0-0094  N. 

Time.  (Na^SoOa).  (CjHAClNa).  ^x  C^  . 


0 
20 
50 
100 
170 
280 
510 


30-6 
26-85 
23-2 
18-ti 
15-0 
11-95 
9-0 
6-4 


24-2 

20-45 

16-8 

12-2 

8-6 

5-55 

2-6 

0-0 


Meau . 


0-00081 
0-00077 
0-00081 
0-00082 
0-00083 
0-00086 


0-00082 


ir=  0-0405 
Other  expts.  gave 

-^=0-039,  0-0395,  0  0395 
Mean 0-0395 


Température  60°. 
2-98  ce.  titrated.     I  =  0-0094  N. 
Time.  (Na^SaOs).  (CaHgO^ClNa).  ^  x  C'^j . 


Meau. 


Another  expt.  gave 
Meau 


Z'^  0-094 
^=0-100 


0-097 


Température  quotieut  =2-4f 

.  0-0395  ^ 

"(2-45)5'--^ 


Calculated  velocity  at  25° 


0-0042 


0-0074 
0-0079 
0-0069 
0-0074 


0-0074 


The  foUowing  table  is  a  summary  of  the  velocity  constants  of  tbe 
seven  reactions  just  described  : 


Table  VIII. — Velocity  Constants  at  25°. 

lodoacetate.  Bromoacetate.  Chloroacetate. 

Etliyl  7-0(2-75)  6-4      (2-75)  0-060    (2-9) 

Methyl    —  5-85    (2-8)  0-059    (2-8) 

Sodium    —  0-315(2-1)  0-0042(2-45) 

Methjd  iodide     0-90(3-0) 

The  iodo-  and  bromo-esters  are  several  times  more  reactive  than 
methyl  iodide,  and  tbe  l'eactivity  of  tbe  iodine,  bromine,  and  cblorine 
derivatives  is  rougbly  in  the  ratio  1  :  1  :  1/100,  compared  to  1  : 1  :  1/40 
in  the  case  of  the  methyl  haloids.  It  is  noteworthy  that  tbe  bromo- 
acetic  and  chloroacetic  ions  are  considerably  less  active  than  the 
eorresponding  undissociated  esters.  The  température  quotients  (given 
in  brackets)  for  the  reactions  with  the  five  esters  are  within  expéri- 
mental limits  equal  to  2-8.  In  the  case  of  the  sodium  salts,  this  value 
is  appreciably  smaller. 

The  great  reactivity  of  thèse  substituted  acetic  esters  renders  it 
possible  to  carry  out  velocity  measurements  i'h  very  dilute  solutions, 
thus  adding  considerably  to  the  ease  of  the  investigation.  It  was 
therefore  found  convenient  at  this  point  to  investigate  the  action  of 
other  metallic  thiosulphates,  and  décide  whether  thèse  reactions  are 
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primarily  connected  witli  the  S2O3"  ion,  or  whether  tbe  NaS^Og'  ion 
or  undissociated  NagSgOg  also  takes  part  in  the  réaction. 

Ethyl  bromoacetate  was  the  haloid  selected  for  this  purpose.  Ex- 
périmenta were  first  carried  out  with  metallic  thiosulphates,  -which  show 
no  tendency  to  form  complex  salts,  and  which  probably  are  for  the 
main  part  dissociated  in  dilate  solution. 

The  following  table  shows  that  the  velocity  constants  obtained  by 
the  use  of  such  salts  approximate  to  that  found  for  sodium  thio- 
sulphate. 

Table  IX. — Température  25°. 


Potassium,  Thiosulphate,. 
50  ce.  titrated.     I  =  0-00945  N, 
Time.     (KoSA)-  (C^H^O.Br).     K%<C^ 


0            21-65          15-75               — 

0 

26-4 

14-8 

— 

5            17-9            12-0             0-0071 

5 

22-2 

10-6 

0-0140 

10            15-5              9-6             0-0070 

15 

17-9 

6-3 

00135 

20             12-5               6-6              0-0070 

25 

15-65 

4-05 

0-0134 

30             10-7               4-8              0-0070 

40 

14-05 

2-45 

0-0127 

45              9  1               3-2             0-0070 

55 

13-0 

1-4 

0-0130 

00             5-9            0-0              — 

00 

11-6 

0-0 

— 

Meau 0-0070 

Meau 

0-0133 

^=6-3 

K= 

6-1 

Anotlier  ex2)t.  gave     ^=6-3 

Barium  Thiosulphate. 

50  ce.  titrated.     I  =  0-0109  N. 

Time.     (BaS.A)-  (CjHyOsBr).     KxC^_ 


A  mmonium  Thiosulphate. 
50  ce  titrated.     I  =  0-00945  N. 
Time.[(lSrH4)2S203].  (Qi}l>,0^^v).Kx  C^^ 


Strontium  Thiosulphate. 
50  ce.  titrated.     I  =  0-00945  N. 

Time.     (SrS203).  (C4H7O2B1).     KxC<„ 


0 

23-0 

21-3 

— 

0 

16-6 

14-6 

— 

5 

17-7 

16-0 

0-00212 

5 

13-95 

11-95 

0-00220 

10-5 

14-0 

12-3 

0-00218 

10 

12-1 

10-1 

0-00228 

15 

12-0 

10-3 

0-00221 

20 

9-7 

7-7 

0-00223 

25 

9-2 

7-5 

0-00222 

30 

8-1 

6-1 

0-00225 

35 

7-55 

5-85 

0-00221 

50 

6-4 

4-4 

0-00214 

00 

1-7 

0-0 

— 

00 

2-0 

0-0 

— 

Meai 



0-00219 

Meai 

0-00222 

K^ 

=  5-9 

K  = 

:5-9 

Auoth 

er  ex[)t. 

ga^ 

•e     K^ 

=  5-5 

Anotlier  expt. 

gave     K^ 

:5-5 

Experimeuts  were  then  carried  out  with  some  complex  thiosulphates. 
The  effect  of  the  addition  of  silver  nitrate  on  the  velocity  of  reaction 
between  sodium  thiosulphate  and  ethyl  bromoacetate  was  first  in- 
vestigated.  The  présence  of  silver  nitrate  has  no  influence  on  the  end- 
point  of  the  titration  of  sodium  thiosulphate  by  an  iodine  solution,  and 
the  reaction  could,  therefore,  be  followed  by  this  titration. 

The  results  obtained  by  such  measurements  are  given  in  the  follow- 
ing tables. 
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Table  X  shows  that  tlie  addition  of  small  quantities  of  silver 
nitrate  decreases  the  activity  of  the  thiosulphate  in  such  a  way  as  to 
render  inactive  a  portion  of  the  thiosulphate,  corresponding  with  the 
formation  of  the  compound  Na3âg(SoOo)2.  The  values  of  K  are 
calculated  not  from  the  iodine  titre,  but  from  the  titre  of  the  un- 
combined  sodium  thiosulphate,  that  is,  the  différence  between  the  iodine 
titre  and  that  corresponding  to  the  concentration  of  the  sait 
Na,Ag(S,03),. 

The  values  of  K  so  obtained  approximate  to  6 '4,  the  value  found  for 
pure  sodium  thiosulphate. 

The  concentration  of  the  ester  in  thèse  experiments  is  fouud  by  a 
further  addition  of  sodium  thiosulphate,  or  by  adding  potassium  iodide 
and  decomposing  the  complex  sait  with  précipitation  of  silver  iodide. 

Table  X.—Tke  Effect  of  the  Addition  of  Small  Quavtities  of  Silver 
Nitrate. 


50  ce.  titrated 

I  =  0-01 1 1 X.     Temperatui  e 

=  25^ 

AgNOa.          Time. 

I.  titre. 

(Xa.S,03).      (Ester). 

/TxC'-^. 

000100              0 

31-8 

22-8 

25-1 

— 

5 

25-4 

16-4 

18-7 

0-0032 

10 

21-6 

12-6 

14-9 

0  0031 

15 

19-35 

10-35 

12-65 

0  0030 

25 

16-4 

7-4 

9-7 

0  0030 

-    35 

14-7 

5-7 

8-0 

0-0030 

NajAgCSaOs), 

=       90 

0  0 

2-3 

— 

00 

6  7 

0-0 
Mean 

.     0  0031,    A"=6  1 

0-00100              0 

24-3 

15-3 

is-0 

— 

5 

20-8 

11-8 

14-5 

0  0038 

10 

18-5 

95 

12-2 

0  0038 

20 

15-9 

69 

9-6 

0-0036 

30 

14-3 

5-3 

8  0 

0  0036 

NajAgCS.Os), 

=       90 

00 

2-7 

— 

OO 

6-3 

00 
Mean 

.     0  0037,   À'=6-2 

0  00250               0 

37-2 

14-7 

24-7 

— 

5 

32-8 

10-3 

20-3 

0  0139 

10 

30-15 

7-65 

17-65 

0-0138 

20 

27  0 

4-5 

14-5 

0-0141 

Na3Ag(S,03)2 

=     22-5 

00 

100 

— 

00 

12-5 

0-0 
Mean 

.     0-00139,À'=6-3 

Tins  resuit  shows  that  the  reactivity  of  tvisodium  silver  thiosulphate 
is  small  compared  with  that  of  sodium  thiosulphate  and  negligible  in 
the  présence  of  moderate  excess  of  the  latter  sait. 

Sodium  thiosulphate  and  silver  nitrate  were  then  mixed  in  such 
proportions  that  excess  of  silver  nitrate  was  présent  after  the  forma- 


Time. 

I.  titre. 

(Ester) 

0 

15-35 

14-4 

10 

14-55 

13-6 

20 

13-95 

13  0 

40 

12-95 

120 

a; 

0-95 

0-0 

Mean 

I  titre 

=  14-15  ce. 

=  0-0062  g 
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tion  of  the  complex  sait  Na3Ag(S203)2.  The  initial  velocity  of  the 
reaction  of  this  mixture  on  ethyl  bromoacetate  was  measured  and 
shown  to  be  comparatively  small. 

Table  XI, — The  Effect  of  the  Addition  of  a  Large  Quantity  of  Silver 
Nitrate. 

Température  =25°,  AgN03  =  0-0040  gram  (AgNOg)  per  litre. 
25  ce.  titrated.     1  =  0-0110  iV: 

[0-00017] 
[0-00015] 
0  000135  À"=0-32 


Percentage  of  thiosulphate  présent  as  So03"  = ^ =5-0  per  cent. 

6-4 

Thi.s  table  shows  that  a  mixture  of  the  two  salts  in  the  proportion 
0-0040  AgNOg  :  0-0062  NagSgOg  bas  only  one-twentieth  the  activity  of 
sodium  thiosulphate.  It  is  probable  that  the  complex  sait  is  partially 
dissociated  according  to  the  équation  Nag Ag(S20,)2  ^^  Na^SgOg + 
NaAgSgO^,  and  that  the  reaction  dépends  on  the  présence  of  a  small 
quantity  of  uneombined  sodium  thiosulphate.  As  the  salts  ai^e  in 
dilute  aqueous  solution,  the  equilibrium  is  better  indicated  by 
Ag(S203)2"'  ^  AgS203'  +  SgOg",  the  uneombined  thiosulphate  being  re- 
presented  by  the  S2O3"  ion.  The  fact  that  the  addition  of  silver  nitrate 
lowers  the  activity  so  considei-ably  is  strong  évidence  in  support  of 
the  view  that  the  reaction  is  primarily  connected  with  the  S2O3"  ion. 

The  ions  Ag(S203)2"',  AgSoOg'  and  the  corresponding  undissociated 
salts  either  do  not  react,  or  react  with  a  relatively  much  smailer 
velocity.  This  view  is  also  supported  by  experiments  made  with  the 
complex  lead  thiosulphates  where  similar  results  are  obtained. 

A  considération  of  thèse  results  with  those  obtained  with  sodium, 
potassium,  ammonium,  barium,  and  strontium  thiosulphates  (Table  IX) 
renders  probable  the  assumption  that  the  velocity  of  thèse  reactions  is 
strictly  proportional  to  the  concentration  of  the  S2O3"  ion.  If  this 
proportionality  holds,  we  hâve  a  dynamic  method  of  measuring  concen- 
trations of  '^.2^z  ^^^^  similar  to  that  by  which  concentrations  of  OH' 
ion  can  be  measured  by  the  velocity  of  saponification  of  ethyl  acétate. 
This  method  may  prove  of  value  in  a  study  of  the  stability  of  the 
complex  thiosulphates,  and  gives  a  means  of  amplifying  the  results 
obtained  by  solubility  and  electromotive  force  measurements  (G. 
Bodljinder,  Ber.,  1903,  36,  3933  ;  H.  Euler,  Ber.,  1904,  37,  1704). 
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Solutions  of  sodium  thio?ulpiiate  with  excess  of  silver  nitrate  soon 
turn  brown,  and  are  therefore  not  convenient  for  investigation,  but 
lead  thiosulphate  solutions  are  quite  stable  at  25°,  and  it  was  hoped 
by  an  investigation  of  the  activity  of  sodium  thiosulphate  in  the  pré- 
sence of  varying  quantities  of  lead  nitrate  to  calculate  the  dissocia- 
tion constants  of  lead  and  sodium  lead  thiosulphates, 

PbSA  -  Pb-+sA",  Pb(s,03)2"  ;=:  PbSA+sps"- 

By  adding  a  large  excess  of  lead  nitrate  to  sodium  thiosulphate,  and 
by  measuring  the  concentration  of  the  SgOg"  ion  by  velocity  experi- 
ments,  the  value  of  the  first  equilibrium  constant  was  found  to  be 
K^  =  [Pb-][So03"]/[PbS,03]  =  1-5x10-*  (Table  XII).  By  adding  a  rela- 
tively  small  quantity  of  lead  nitrate,  the  complex  sait  Na^Pb (8^03)2 
is  formed  quantitatively  (Table  XIII).  With  concentrations  of  lead 
niti'ate  intei-mediate  between  those  employed  in  thèse  two  experiments, 
both  dissociations  corne  into  considération.  If  K^^  is  assumed  to  hâve 
the  value  1-5  xlO-^  the  value  of  the  second  equilibrium  constant, 
[PbS.203][SP3"]/[Pb(S.303)o"],  was  found  to  be  of  the  order  10-3. 
Détails  of  thèse  measurements  are  not  given,  as  the  method  affords 
only  approximate  values  of  the  constant. 

The  method  of  investigation  was  the  same  as  that  employed  in  find- 
ing  the  effect  of  the  addition  of  silver  nitrate  (Tables  X,  XI).  Thio- 
sulphates can  be  estimated  in  the  présence  of  lead  salts  by  titration 
with  iodine  solution,  and  the  concentration  of  the  ester  can  be  found 
by  decomposing  the  complex  sait  with  potassium  iodide  and  by  further 
addition  of  sodium  thiosulphate. 

In  making  up  the  solutions,  différent  amounts  of  a  lead  nitrate 
solution  containing  Pb(NO3)2/20  grams  per  litre  were  used.  In  the 
experiment  given  in  Table  XII,  50  ce.  of  lead  nitrate  solution,  sufRcient 
sodium  thiosulphate  to  give  an  approximately  iV/1000  solution,  and  a 
little  more  than  the  équivalent  of  ethyl  bromoacetite  were  mixed  and 
made  up  to  one  litre,  and  the  initial  rate  of  the  reaction  measured 
at  25°. 

The  concenti'ation  of  the  S2O3"  was  calculated  from  the  value  of  the 
velocity  constant  K  by  comparing  it  to  6 "4,  the  value  found  for  sodium 
thiosulphate. 

If  a,  h,  and  c  are   respectively  the   concentrations   of  PbS.,03,S203" 

and  Pb",  theu 

a  4- 6  =  concentration  of  thiosulphate  found  by  titration, 

«  +  c  ^  „  „  lead  nitrate, 

,        K{a-\-h)         ,  ^^.      , 

0=    — ^7T —    ,  where  A  IS  the  velocity  constant. 

From  thèse  three  équations,  «,  h,  and  c  can   be  calculated  and  the 
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value  of  the  equilibrium  constant  {K^  =  hcja)  found.     A  summary  of 
four  such  expérimentais  aiso  given  in  the  following  table  : 

Table  Xll.— l%e  Equilihrium  PbS.Og  ;:^  Pb" +S2O3". 

50  ce.  Pb(N03).^  solution  in  1  litre,  «  +  c  =  0-00250.     100  ce.  titrated. 
1  =  0  0094  N.     Température  25°. 

Time.  I.  titre.  (Ester).  Kv-C^. 

0                           13-95  18-1  — 

210                             9-75  13-9  0-00195 

t»                              0-0  4-15  — 


^  _  0-00195 

xlOO  ^  „ 

50. 

4-15x0-6094 

Meaii,  I. 

titre   =   11-85. 

a-Vh   = 

11-85x0-0094  _o.oQ„^5 
100 

b   = 

0-50  (a  +  b) 
6-4 

=   0-000087 

a  +  c 

=   0-00250 

:  a  =   0-00103,  c  =  0-00147. 

Kl  =  bc/a   = 

1-24x10- 

4 

Summary. 

a  +  c. 

a  +  b. 

b. 

a. 

r. 

À'j  =  bc/a. 

0-00250 

0-001115 

0-000087 

0-00103 

0-00147 

1-24x10- 

0-00250 

0-001161 

0-000090 

0-00107 

0-00143 

1-20x10- 

0-00300 

0-00100 

0-000060 

0  00094 

0-00206 

1-32x10- 

0-00300 

0-00 1025 

0-000064 

0-00096 

0-00204 

1-36x10- 

Corrected  value  of  À'j  =  I-5  x  10" 


Pb(S203)2  "  ion,  which  is  pi-esent  in  small  concentration  in  the  solu- 
tions. From  other  experiments,  the  value  of  the  equilibrium  constant, 
[PbS203][S203"j/[Pb(S203)2"],  was  found  to  be  of  the  order  lO-^.  In 
the  four  experiments  summarised  iu  Table  XII,  tlie  value  rt  =  [PbS.^03] 
is  about  10~^,  and  therefore  the  concentration  of  the  Pb(S203)2"  ion  is 
approximately  equal  to  that  of  the  S^.Og"  ion.  Applying  the  small 
correction,  the  mean  value  of  K^  "was  found  to  be  1-5  x  10~*. 

When  small  quantities  of  lead  nitrate  are  added  to  a  sodium 
thiosulphate  solution,  part  of  the  thiosulphate  is  reodered  inactive, 
this  amountcorresponding  with  the  formation  of  the  complex  disodium 
lead  thiosulphate,  Na2Pb(S203)2.  If  the  titre  of  this  sait  is  sub- 
tracted  from  the  iodine  titre  to  obtain  the  concentration  of  free  sodium 
thiosulphate,  and  the  calculation  of  the  velocity  constant  made  as  in 
table  X,  the  vaine  of  K  approaches  to  that  found  for  pure  sodium 
thiosulphate  (6-4).  The  sodium  lead  thiosulphate  is,  however,  appre- 
ciably  dissociated  into  lead  and  sodium  thiosulphates,  for  even  with 
inoderate  excess  of  sodium  thiosulphate  higher  values  of  À'  are 
obtained. 


I 
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Table  XIII. 

50  ce.  titrated. 

1  =  0-0106.5  tV.     Température 

=  25^. 

b{NO.,)„.          Time. 

titre.           (Na.-,So03).          (Ester). 

Kx  C^ 

0-OOlb"               0 

28-05                 18  Ô5                 15-05 

— 

24-4                   15-0                   11-4 

0-0052 

10 

22-0                   12-6                     9-0 

0-0053 

20 

19-1                     9-7                     6-1 

00054 

.30 

17-5                     8-1                     4-5 

0-0054 

oo 

13-0                     3-6                     0-0 

— 

NaaPlXSoOg),       = 

9-4                     0-0 

Meau 

0-0053 

/r=G-9 

The  velocity  of  the  reaction  between  lead  thiosulphate  and  ethyl 
bromoacetate  has  also  been  measured.  This  sait  is  soluble  to  about 
1/1000  N,  and  the  solution  contains  probably  appréciable  quantities 
of  Pb",  P0S2O3,  Pb(S.p3).2",  and  S0O3". 


Time.    (PbS.A).  (Ester) 

0          11-95  17-75 

60            9-95  15-75 

0-0  5-8 


Table  XIV. — Lead  Thiosulphate. 

Température  25'^. 
100  ce.  titrated.     1  =  0-01065  N. 

KxC, 


0-00046 
iîr=0-75 


Tim,^  (PbS.Og).  (Ester) 

0  9-95  16-75 

60  8-35  15-15 

„n  0-0  6-8 


0-00054 


À"=0-75 


Besides  lead  thiosulphate,  salts  of  the  anion,  Pb(S203)",  undoubtedly 
exist,  tetrasodium  lead  thiosulphate,  Na4Pb(S203)3,  has  been  i.solated, 
and  inilications  of  hi^'her  complex  salts  hâve  been  obtained. 

According  to  measurements  described  in  this  paper,  tlie  values  of 
the  equilibrium  constants  are  found  to  be 

[Pb--][S203"]/[PbS203]  =  1-5  X  10-S 
[PbS203][S203"]/[Pb(S203)./']  =  10-3  (approximately). 

More  complex  salts  could  not  be  detected,  and  probably  do  not  exist 
in  dilute  solution.  H.  Euler  {loc.  cit.),  by  estimating  the  concentra- 
tion of  Pb"  ion  in  présence  of  large  quantities  of  sodium  thiosulphate, 
gives  the  value  of  the  constant, 

[Pb-][S203'7[NaSAT/[PbNa2(S203);"']  =  5  X  10"^. 

This  value  is  not  far  removed  from  the  product  of  the  above 
constants,  and  is  therefore  in  agreement  with  the  supposition  that  the 
higher  complex  salts  easily  dii^sociate  inlo  the  more  stable  lead  and 
disodium  lead  thiosulphates. 
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The  velocity  constants  of  the  reaction  between  ethyl  bromoacetate 
and  différent  thiosulphates  may  with  advantage  be  summarised,  for  it 
is  from  thèse  nnmbers  the  conclusion  is  drawn  that  the  reaction 
velocities  are  proportional  to  the  concentration  of  the  S^Og"  ion.  In 
the  following  table  K  is  independent  of  concentration  in  the  tirst  five 
cases  ;  in  the  last  three,  concentrations  are  given  in  grams  x  formula 
weight  /  per  litre. 

Table  XV. — Velocity  Constants  at  25°. 


Thiosulphatc.  K. 

XaoS.Oa     6-4 

KoS.A' 6-3 

(NHji^S^O.,   6-1 

BaSoO"  '../. 5-7 


Tliiosulphate.  K. 

SiS„0., 57 

0-0062      Na^SjÔa  +  0-0040  AgNO 0-32 

0  0011 15  Xa;S.O3  +  0  0025  PbdSTÔa).,  ...  0-50 

0-001        PbS.A.' '....  0-75 


The  author  desires  to  express  his  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  partly  defrayed 
the  cost  of  this  investigation. 

University  Collège, 
nottingham. 


np??2    •   •    •  •   the  number  of  molécules  of 


LX. — The  Kinelics  of^  Chemical  Changes  ivhich  are 
Réversible.  The  Décomposition  of  as-Dimethyl- 
carhamide. 

By  Charles  Edwabd  Fawsitt. 

When  a  chemicai  reaction  is  not  completely  unidirectional  but  reaches 
a  state  of  equilibrium  at  some  intermediate  point,  then,  writing  the 
équation  of  the  reaction  : 

m-^^A-^^    +m.^Ac,    +m^A^  •   •   •   •  Z^  "i^i    +'*2'^2 (^)' 

the  velocity  of  reaction  is  represented  by 

-  ^l    =     ^•«,'"I«2""^«3"'       •     •    •     •      -  ^\"'  N'         (2), 

wbere  ^lA^  ....   B^,B^  ....   are  the  substances  involved, 

«^«■2     ....   h^h^      ....   the  concentrations  of   thèse 
substances, 
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the  différent  substances,  aud  k^k'  the  velocity  constants  of  the  two 
opposing  reactions. 

In  some  simple  examples,  it  is  possible  tointegrate  équation  (2)  and 
to  apply  the  formulée  to  expérimental  cases.  The  intégration  gives  an 
équation  containing  both  k  and  k! ,  and  this  can  only  be  solved  for  one 
or  other  if  the  equilibrium  constant  kjk'  is  known.  The  equilibrium 
constant  is  obtained  by  a  détermination  of  the  relative  amounts  of 
substance  présent  after  the  attainment  of  equilibrium.  As,  however, 
this  attainment  of  equilibrium  is  a  somewhat  slow  process,  and  as 
there  may  be  some  side-reaction  or  secondary  change  accompanying 
the  main  i-eaction,  the  détermination  of  the  equilibrium  constant  is 
sometimes  a  difficult  matter. 

Another  method  of  attacking  such  problems  of  chemical  kinetics  is 
to  arrange  so  that  the  inverse  reaction  shall  not  be  allowed  to  take 
effect.  If  one  can  arrange  to  destroy  or  remove  from  the  sphère  of 
action  the  reaction  products  as  soon  as  they  are  formed,  then  the 
effect  of  the  inverse  reaction  is  completely  eliminated. 

Réactions  to  which  this  method  can  be  applied  are  somewhat  limited 
in  number,  but  the  author  has  already  shown  that  the  décompositions 
of  carbamide  {Zeit.  fliysikal.  Chem.,  1902,  41,  601)  and  methylcarb- 
amide  (Trans.,  1904,  86,  1581)  with  acids  are  réactions  which  approxi- 
mate  to  the  case  where  the  right-hand  term  of  équation  (2)  may  be 
neglected  in  the  intégration,  and  it  was  expected  that  «s-dimethyl- 
carbamide  would  probably  behave  in  a  similar  fashion.  The  décom- 
position of  this  class  of  amides  in  aqueous  solution  may  be  reprc  - 
sented  by 

^^    =    ^-(^-0;)-^^     (3), 

the  décomposition  product  being  a  cyanate,  and  x,  A  -x,  being  the 
concentration  of  decomposed  and  undecomposed  substance  attime  "  t." 
Whilst  acids  appear  to  bave  no  direct  action  on  thèse  amides,  the 
cyanate  which  is  formed  from  the  amide  décomposes  very  quickly 
under  the  action  of  acid,  and  the  équation  (3)  approximates  to  the  case 

dx 


dt 
The  intégral  of  this  is  : 


k{A  -  x). 


7  11  ^ 

t     °  A-x 

Constants  were  calculated  in  the  case  of  carbamide  and  methyl- 
carbamide,  and  also  in  the  présent  instance  of  «s-dimethylcarbamide 
according .  to  the  above  formula,  and  the  constant  value  of  the 
numbers  obtained  was  unquestionable. 
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The  value  of  "^"  has  already   been   calculated   from    the   data  ob- 

tained  by  a  détermination  of  ^•'  and /^theequilibrium  constant  (Walker 
and  Hambly,  Trans.,  1895,  67,  746  ;  Walker  and  Appleyard,  Trans., 
1896,  69,  193).  Whilst  tlie  value  of  k  deduced  by  the  latter  method 
and  the  number  obtained  experimentally  by  the  author  agrée  well  in 
the  case  of  carbamide,  the  agreement  is  not  qnite  so  good  in  the  cases 
of  methylcarbamide  and  «s-dimethylcarbamide,  although  the  numbers 
obtained  are  of  the  same  order. 

EXPER  I  MENT  AL. 

The  method  of  experiment  adopted  was  the  same  as  that  used  for 
methylcarbamide,  and  the  température  at  which  the  décompositions 
were  carried  out  was  97-8°  unless  otherwise  stated. 

The  «s-dimethylcarbamide  was  obtained  from  Kahlbaum,  and,  as  it 
seemed  very  pure  (m.  p.  182°),  it  was  used  for  the  décomposition 
experiments  without  recrystallisation.  The  results  of  the  experiments 
wei-e  calculated  on  the  assumption  that  the  reaction  was  one  of  the 
first  order. 

The  Reaction  between  Dhnethylcarbamide  and  Acids. — As  in  the 
previous  work  hydrochloric  aeid  was  found  to  be  as  suitable  as  any 
other  acid,  it  was  used  in  this  case  exclusively.  The  reaction  Avith 
hydrochloric  acid  might  be  expected  to  go  according  to  the  following 
équation  : 

CO(NH,)-N(CH3)2  +  2HC1  +  îip  =  CO2  +  NH.Cl  +  NH2(CH3)2C1. 

To  test  this,  a  fevv  grams  of  r<.s-dimethylcarbamide  were  heated  with 
hydrochloric  acid  solution  for  3  days  at  97'8'^  in  a  tube  covered  with 
melted  paraiEn  to  prevent  evaporation.  The  paraflin  was  afterwards 
removed  and  the  solution  evaporated  to  dryness  on  the  water-bath, 
and  further  dried  in  a  vacuum  desiccator.  The  resulting  mass 
was  then  treated  with  warm  chloroform  and  filtered.  The  residue 
was  recrystallised  from  a  mixture  of  water  and  alcohol. 

0-1484  of  this  prodact  required  0*470  AgN"03  (Volhard's  method), 
0-1484  NH4CI  should  require  0-471  AgNOs. 

The  fîltrate  (after  extracting  with  chloroform)  was  evaporated  to 
dryness  on  the  water-bath  and  dried  in  a  vacuum  desiccator  over 
sulphuric  acid  until  the  weight  was  constant. 

0-341  required  0-706  Agl^O^. 

0-341  NH2(CH3)201  should  require  0-7105  AgNOg. 

The  additional  fact  that  the  as-dimethylcarbamide,  when  heated  for 
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a  sufficiently  long  time,  neutralises  hydrochloric  acid  in  the  ratio  of 
CO(NH2)'N(CH3)2  to  2HCI,  leads  to  the  belief  that  the  reaction  does 
proceed  according  to  the  above  équation. 

The  velocity  déterminations  are  given  below,  the  time  is  expressed 
in  minutes,  Â  is  the  initial  concentration  of  «s-dimethylcarbamide,  x  is 

1  A 

the   concentration   of  decomposed  substance,  and  ^-  is  =  -  logig  ; 

A  -  a;,j)  and  A  -  «(o)  are  two  experiments,  A  -  a;,,^)  being  the  mean. 

Table  I. 

NI\Ç,-Dimethylcarhamlde  +  iV^/16-HCl. 


Time. 

A-x. 

/l-xlO*. 

0 

10-69 

_ 

16-5 

8-70 

54 

23-5 

7-94 

55 

32-5 

7-21 

53 

59 

5-22 

53 

84 

3-79 
Table  II. 

54 

Nj\Ç>-D 

imelhylcarbamide  + 

T/8-HC1. 

Time. 

A-x. 

kx\Q\ 

Time. 

A-x. 

kx\ 

0 

10-62 



31-5 

7-33 

51 

47-5 

612 

50 

120 

2-51 

52 

167 

1-37 

53 

Table  III. 
Njl^-Dimethylcarbamide  +  iV/é-HCI. 


Time. 

A  -  x-(i,. 

A  -  X(.y 

A  -  a-(„,). 

^xl 

0 

10-69 

10-69 

10-69 



20-5 

8-57 

8-70 

8-64 

45 

38-5 

7-12 

7-18 

7-15 

45 

59 

5-77 

5-79 

5-78 

45 

110 

3-41 

3-51 

3-46 

45 

Table  IV. 
Njl^-Dimethylcarbamide  +  iV/2-HCl. 

Time.                              A~x.  ArxlO*. 

0                                 10-69  — 

31-5                                 8-20  36 

47                                  7-27  36 

96                                     4-86  36 

161                                   2-85  36 
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Whilst  the  constants  in  the  différent  tables  show  that  the  i-eaction 
is  undoubtedly  one  of  the  first  order,  it  will  be  noticed  that  the  velocity 
constant  decreases  with  increasing  concentration  of  acid.  In  this 
respect,  the  behaviour  of  dimethylcarbamide  is  identical  with  that  of 
carbamide  and  methylcarbamide.  The  increasing  concentration  of 
acid  depresses  the  concentration  of  free  dimethylcarbamide,  and  thus 
apparently  diminishes  the  reaction  velocity  coefficient. 

A  détermination  of  the  velocity  constant  at  59-6°  was  made  so  as 
to  compare  the  value  obtained  with  that  found  by  Walker  and  Apple- 
yard  (ïrans.,  1896,  69,  193). 


Table  V. 

Nj  1 6  -Dimethylcarbamide 

+  i\716 

-HCl. 

Time. 

A-x. 

k  X  W 

0 
1576 
4061 
5763 
7120 
9900 

9-53 
8-10 
6-63 
5-56 
4-86 
3-83 

44 
39 
41 
41 
40 

Takiog 

the 

average 

value 

as   41,  the 

real  * 

value  of 

41x10-6 
0-4343 

=  0-000094. 

This  is  considerably  less  than  the  value  obtained  by  Walker  and 
Appleyard,  which  was  0*00073,  so  that  there  is  no  doubt  that  the 
velocity  with  which  the  cyanate  is  destroyed  by  the  acid  in  the  above 
experiments  is  quite  comparable  with  the  velocity  at  which  the 
cyanate  is  formed  from  the  dimethylcarbamide,  and  is  not  iustan- 
taneous,  as  would  be  necessary  if  the  time  value  of  the  constant 
were  to  be  obtained.  The  results  of  the  décomposition  with  acids 
show  in  every  respect  a  strong  similarity  to  those  obtained  for  carb- 
amide and  methylcarbamide,  and  there  can  be  no  doubt  that  ail  the 
alkyl  derivatives  of  carbamide  décompose  in  a  similar  manner  to  those 
examples  already  studied,  and  that  the  gênerai  équation  representing 
the  décomposition  of  the  carbamides  by  water  is  dxjdt  =  k{A  -  x)  -  k'x^. 

The  Decom2JOsition   of  SiS-Dimethylcarhamide  hy  Alkalis. 

The  décomposition  of  cyanates  by  alkali  is  a  much  slower  process 
than  the  décomposition  by  acid,  and  a   solution  of  dimethylcarbamide 

*  No  correction  is  made  for  sait  formation  ;  liy  this  correction,  k  would  be  raised 
probably  by  about  10  per  cent. 


CHANGES   WHICH    ARE    REVERSIBLE.  499 

which  lias  been  heated  for  some  time  with  sodium  or  potassium 
bydroxide  shows  the  présence  of  a  large  quantity  of  undecomposed 
cyauate.  The  réaction  might  therefore  be  supposed  to  take  place  with 
a  considerdbly  smaller  velocity  than  when  acids  are  used,  but  just  as 
in  the  case  of  the  other  carbamides  we  must  assume  that,  in  addition 
to  the  décomposition  of  the  amide  by  way  of  cyanate,  tliere  is  also  a 
direct  action  of  the  alkali  on  the  amide  (saponification).  This  direct 
.saponification  increases  with  the  concentration  of   alkali  employed. 

The  following  results  were  obtained  by  heating  the  solutions  in 
platinum  tubes  enclosed  iu  glass  tubing.  With  such  experiments,  it 
is  more  diiBcult  to  get  two  parallel  experiments  to  agrée  than  in  the 
previous  experiments. 

This  is  due  to  the  fact  that  the  velocity  dépends  somewhat  on  the 
"  gas  "  space,  that  is,  the  space  not  occupied  by  the  liquid.  It  is 
somewhat  difficult  to  render  this  space  constant  when  one  tube  is 
thus  enclosed  in  another. 

Table  VI. 

N l^-Dimethylcarbamide  +  N/ 2- Potassium  llijdroxide. 

KxW. 

36 
29 
22 


Table    VII. 

Nl'I-Dimethylcarhamide  +  ZNj'l-Fotassium  Hydroxide. 

Kx\Q\ 

57 
37 

Table  VIII. 

N ll-Bimetliylcarhamide  +  ^NI2-Sodium  Hydroxide. 

Kx  10*. 

42 
42 
38 


Time. 

A  -  X(i,. 

A  -  a-(2). 

A  -  X^,n) 

0 

10-00 

10-00 

10-00 

35 

7-48 

_ 

7-48 

85 

5-66 

_ 

5-66 

225 

270 

3-54 

3-12 

"ime. 

A-x^^). 

^-.%)- 

A-x^„ 

0 

10-00 

10-00 

10-00 

45 

5-65 

5-42 

5-52 

203 

1-84 

1-70 

1-77 

Time. 

A-x^,). 

A-X^,y 

A  —  X{„ 

0 

10-00 

10-00 

10-00 

55 

5-96 

5-80 

5-88 

167 

2-02 

_ 

2-02 

218 

1-50 



1-50 

1408 

0-22 

— 

0-22 
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The  velocity  increases  a  little  with  increased  concentration  of 
alkali,  but  the  increase  of  velocity  is  by  no  means  proportional  to  the 
increase  of  concentration,  and  it  must  be  concluded,  as  in  the  case  of 
the  carbamides  hitherto  studied,  tbat  even  conceutrated  alkali  effects 
a  dii-ect  hydrolysis  only  with  great  difficulty. 

Summary  of  Residts. 

The  décomposition  of  the  substances  of  the  carbamide  group  by 
acids  is  due  to  a  transformation  into  cyanate,  which  is  then  decom- 
posed  by  the  acid.  The  transformation  into  cyanate  is  proportional 
to  the  concentration  of  the  amide. 

Whilst  a  small  increase  of  the  acid  concentration,  starting  from  a 
dilute  solution,  does  not  affect  the  velocity  of  décomposition  of  thèse 
amides,  the  elîect  of  a  large  increase  of  concentration  is  to  retard 
the  velocity.  This  retardation  is  due  to  the  removal  of  some  amide 
from  the  active  amount  of  decomposiog  substance  owing  to  sait 
formation. 

as-Dimethylcarbamide  décomposes  with  acids  at  about  six  to  seven 
times  the  rate  at  which  carbamide  décomposes.  The  velocity  of  de- 
composition  of  «s-dimethylcarbamide  with  alkalis  is  of  the  same  order 
as  that  with  acids. 

I  désire  to  express  my  thanks  to  the  Executive  Committee  of  the 
Carnegie  Trust  for  the  Universities  of  Scotland  for  a  grant  to  defray 
the  expenses  of  this  research. 
Univeksity  of  Glasgow. 
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WISLICBNUS  MBMORIA.L  LECTURB.i 

By  W.  H.  Perkix,  jun. 

When  Johannes  Wislicenus  passed  away,  two  years  ago,  an  acute 
sensé  of  loss  was  felt,  not  only  in  the  world  of  Science,  where  his 
name  had  long  been  placed  among  those  of  the  great  oi-ganic 
chemists,  but  also  in  other  fields  where  men  of  science  hâve  but 
seldom  left  deep  impressions  of  their  personal  influence. 

Innate  qualities,  obscured  as  they  so  often  may  be  by  others 
adventitious  or  assumed,  ai'e  not  always  easy  to  trace  unless  history 
gives  the  dues.  Bat  the  character  of  Wislicenus  was  even  higher 
than  his  scientific  work,  and  I  am  tempted  to  dwell  upon  it,  rather 
than  on  the  achievements  which  are  familiar  to  chemists,  because 
the  simplicity  and  personal  force  of  the  man  were  known  to  com- 
paratively  few,  while  his  chemical  famé  was,  of  course,  world-wide. 

During  the  seventeenth  century,  a  family  of  Pôles,  victims  of  the 
intolérant  spirit  and  religions  persécution  of  the  time,  waudered 
homeless  into  Germany,  and  finding  at  last  congenial  surroundings 
in  Schônburg,  where  for  many  générations  afterwards  the  family  made 
their  home,  they  took  up  priestly  duties  and  devoted  their  lives  to  the 
welfare  of  their  fellow-men.  Among  their  descendants  was  Gustav 
Adolf  Wislicenus,  a  man  who  sustained  the  family  traditions  and 
shone  with  ail  the  fine  qualities  of  his  race.  The  story  of  his  life 
reveals  the  fearlessness  of  his  character,  and  aids  us  in  forming  a  true 
conception  of  the  forces  in  the  composition  of  his  son  Johannes,  for 
between  the  two  men  there  was  more  in  common  than  is  usual  between 
father  and  son. 

Gustav  Adolf  Wislicenus  felt  the  weight  of  religions  oppression  at 
an  early  âge,  for  whilst  jet  a  student  he  was  condemned  to  imprison- 
ment  on  account  of  his  connection  with  certain  sectarian  societies. 
This  was  in  1824,  and  it  was  not  until  1829,  fi.ve  years  later,  that  his 
friends  were  able  to  obtain  for  him  a  formai  pardon  and  the  remission 
of  the  remainder  of  his  sentence.  After  his  release  he  chose  the 
"vocation  of  a  Lutheran  priest,  and  from  1834  pui'sued  this  calling  at 
the  little  village  of  Klein-Eichstâdt,  near  Qnerfurt,  until  he  was 
preferred  to  the  îsTeumarkt-Kirche  at  Halle  in  the  year  1841, 

This  period  in  Prussia  was  marked  by  the  rapid  grov/th  of  popular 
antagonism  to  the  eiïorts  made  by  the  more  powerful  of  the  clergy  to 
regulate  the  form  of  religions  worship  throughout  the  country,  and 

^  The   author   wishes   to   acknowledge   the   very  valuablc   assistance   which    Jie 
received  from  Dr.  A.  Lapworth  while  compiliiig  ihis  Mémorial  Lecture. 
VOL.    LXXXVIL  M    M 
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this  feeliug  first  reached  its  climax  in  Saxony,  and  in  pax-fcicular  among 
the  rationalistic  clergy.  Witli  thèse  pastor  Wisliceuus  threw  in  liis 
lot.  At  the  great  meeting  of  "  Lichtfreunde  "  at  Côthen  in  1844,  he 
gave  full  expression  to  his  revolutionary  views  on  the  foundations  of 
faith,  the  resuit  being  that  the  supporters  of  the  new  ideas  found 
themselves  denounced  as  traitors  and  their  meetings  proscribed, 
Wislicenus  himself  being  expelled  from  his  office  two  years  later. 

The  growth  of  the  spirit  of  independence  had  led  to  the  formation  in 
différent  parts  of  the  country  of  a  number  of  '  free  congrégations,' 
and  the  foundation  of  one  of  thèse  at  Halle  was  the  first  object  which 
Wislicenus  set  himself  to  attain  after  his  loss  of  position.  Political 
movement  culminated  in  the  révolution  of  1848  and  the  Frankfort 
Parliament.  In  the  latter,  which  was  a  Parliament  without  states- 
inen,  we  find  Gustav  Wislicenus  and  many  other  leaders  in  the  free 
religions  movement  occupying  positions  of  prominence  and  playing 
active  parts. 

At  this  time  Johannes  Wislicenus  was  about  fifteen  years  of 
âge.  He  was  born  at  Klein-Eichstadt  on  June  24,  1835,  the  year 
following  his  father's  appointment  at  that  place,  and,  when  Halle 
became  the  home  of  the  family,  was  sent  to  the  Realschule  der 
Frankeschen  Stiftungen,  where  his  marked  zeal  was  followed  by  well 
deserved  success.  He  was  one  of  a  numerous  family  whom  the 
expulsion  of  the  father  from  office  threw  into  dire  distress,  and  tho 
boy's  expérience  of  some  of  the  bitter  hardships  of  life  helped  to  steel 
his  youthf  iil  frame.  Even  in  thèse  early  days  he  took  first  place  among 
his  comrades  and  excelled  in  swimming  and  gymnastics,  but  above  ail 
in  his  fav'ourite  study,  the  German  language. 

Science  early  attracted  his  spécial  regard,  and  on  passing  from  school 
to  the  university  he  soon  found  himself  able  to  pay  her  the  single - 
hearted  dévotion  she  claims.  With  his  appointment  as  assistant 
to  Professer  Heintz  in  1853,  he  finally  dedicated  himself  to 
chemistry. 

His  absoi'bing  chemical  studies,  so  auspiciously  begun,  were  nofc 
long  to  be  continued  without  interruption.  The  family  prospects 
were  clouding  over,  and  in  this  same  year  the  father  was  condemned 
to  two  years'  imprisonment  as  a  conséquence  of  the  publication  of 
liis  work  "  Die  Bibel  im  Lichte  der  Bildung  unserer  Zeit."  Thia 
new  disaster  left  flight  the  only  chance,  and,  with  the  help  of 
trusty  friends,  Gustav  succeeded  in  making  his  escape,  while  th© 
family,  under  the  charge  of  the  young  Johannes,  followed  him. 

Proceeding  first  to  England,  they  embarked  for  the  United  States. 
111  fortune  again  overtook  them,  for  the  vessel  in  which  they  set  sail 
Avas  soon  discovered  to  be  choiera- stricken.  The  ship's  doctor  found 
his  time  and  énergies  fully  occupied  in  attending  to  the  first-class 
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passetigers,  and,  in  characteristic  manner,  it  was  young  Wislicenus  who, 
in  this  emergency,  acted  as  physician  and  nurse  to  the  forsaken 
occupants  of  the  steerage.  When  ail  liope  of  stamping  ont  the  scoui'ge 
at  last  disappeared,  the  ship  put  back  to  England,  where  the  family 
lived  in  straitened  circumstances  until  they  were  again  able  to  set  out 
for  the  New  World. 

The  sojourn  in  America  was  not  of  long  duration,  for  at  the  end  of 
two  years  they  found  it  possible  to  return  to  Europe.  During  this 
time  the  scientific  knowledge  of  Johannes  was  the  means  of  support 
on  which  the  family  relied,  and  he  was  fortunate  enough  to 
obtain  an  appointment  as  an  assistant  to  Prof  essor  Horsford,  of 
Harvard,  and  afterwards  he  conducted  an  analytical  laboratory  of  his 
own  in  New  York. 

Zurich  became  the  headquarters  of  the  family  on  tlieir  return  to 
Europe.  The  son  was  able  to  résume  his  interrupted  scientific  career 
at  Halle,  under  Heintz,  whom  he  rejoined  in  1857,  and  with  whom  he 
remained  until  the  autumn  of  1859. 

The  friendship  which  sprung  up  between  the  two  chemists  lasted 
until  the  death  of  Heintz,  twenty  years  later.  Their  association  AVas 
marked  by  the  publication  of  several  joint  researches.  One  of  thèse 
dealt  with  a  base  they  isolated  from  the  products  obtained  by  heating 
aldehyde-ammonia  on  the  water-bath,  to  which,  in  the  symbols  then  in 
use,  they  assigned  the  formula  Cj^H^gNO.^.^  The  compound  is  that 
now  known  as  "  oxytetraldin,"  OgHj3NO. 

A  second  communication  dealt  with  experiments  on  goose-gall 
and  the  nature  of  some  of  its  complicated  acidic  constituents.^  A 
third  one,  of  more  gênerai  interest,  resulted  in  the  disappearance  from 
literature  of  the  "  aldehydic  acid  "  which  Liebig  considered  was  an 
intermediate  step  in  the  oxidation  of  acetaldehyde  to  acetic  acid.  The 
paper  by  Heintz  and  Wislicenus  ^  exposed  the  slender  character  of 
Liebig's  évidence,  and  indicated  that  acetic  acid  is  the  only  definite 
product  obtained  when  acetaldehyde  is  treated  with  silver  oxide  in 
accordance  with  Liebig's  directions. 

It  was  at  this  time  also  that  the  first  papers  by  Wislicenus  himself 
appeared.*  Thèse  dealt  with  his  own  views  as  to  the  relationship  of 
glycol  and  glycérine  in  the  light  of  the  type  theory  which  was  then 
the  guiding  principle  of  classification. 

In  1859  Wislicenus  left  Halle  for  Zurich.  This  step  was  his  reply 
to  the  action  of  the  governing  body  of  the  Halle  Hochschule,  who, 
before  allowing  him  the  title  of  '  Privât  docent,'  required  him  to  oô'er 

1  Poggeiidorff's  Annalen,  1858,  105,  577.  -  Ibid.,  1859,  108,  517. 

3  Ihid.,  101. 

•*  Halle,  Zeit.  Gcsammt.  Nalurw.,  1859,  13,  270,  442;  14,  97;  J.  2»'.  Chem., 
1859,  77,  149. 
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guarantees  that  he  would  in  future  refraia  from  ail  public  expression 
of  lus  political  opinions.  Such  an  attempt  to  bring  pressure  on  liiin 
was  forodoomed  to  failure.  His  principles,  absorbed  first  from  his 
father  and  afterwards  from  his  friends  in  freedom-loving  America, 
were  already  firmly  fixed  ;  he  had  corne  to  regard  the  enunciation  of 
his  political  and  religious  principles  as  part  of  his  life's  work,  and 
throughout  his  career  he  was  ever  active  in  their  furtherance. 

At  Zurich  his  progress  was  rapid.  He  was  appointed  Professer  of 
Chemistry  and  Mineralogy,  under  the  Council  of  the  Canton,  at  the 
School  of  Industries,  in  1861.  Three  years  later  he  was  made  Extra- 
ordinary  Professer  and  Director  of  the  Laboratories  in  the  University, 
and  in  1867  Ordinary  Professer.  In  1870  the  Education  Council 
conferred  on  him  the  Chair  of  Chemistry  in  the  Pelytechnic,  and  a  year 
later  he  was  made  Director. 

In  Zurich  the  problems  connected  with  his  investigation  of  the  lactic 
acids  absorbed  his  spécial  interest.  The  question  of  the  most  suitable 
formula  for  the  acid,  which  Scheele  had  discovered  in  the  eighteenth 
century,  was  engaging  much  attention  among  chemists  and  provoking 
interesting  centroversy.  On  sema  points  a  preliminary  agreement 
seems  to  hâve  been  attained,  but  it  was  generally  recegnised  that 
searching  expérimental  study  was  necessary  if  a  final  verdict  was  to 
be  proneunced.  The  natural  development  ef  his  earlier  research  work 
led  AVislicenus  to  examine  the  points  at  issue,  and  he  seon  perceived 
that,  to  a  certain  extent,  the  facts  as  then  known  were  in  harmeny 
with  prevailing  théories  of  structure,  but  that  much  was  left  witheut 
explanation,  and  appeared  to  call  for  semé  modification  or  extension  of 
the  existing  views. 

According  to  the  conceptions  of  structure  in  use  at  that  time,  two, 
and  only  two,  isemeric  lactic  acids  sheuld  be  capable  of  existence,  and 
thèse  sheuld  be  characterised  by  complète  disparity  in  preperties. 
Wislicenus  had  isolated  from  meat-extract  a  lactic  acid  which  was  net 
identical  with  Scheele's  well-known  substance,  but  the  différence  was 
not  se  marked  as  was  to  be  anticipated  in  the  case  of  an  isemeride 
such  as  the  theory  predicted.  The  effort  to  ascertain,  by  synthetic 
methods,  the  constitution  of  the  two  acids  proved  exceedingly  difiicult, 
the  products  being  mixtures  ef  several  substances  ef  which  ordinary 
lactic  acid  certainly  appeared  to  be  the  main  constituent.  Finally, 
a  third  distinct  compound  having  the  composition  of  a  lactic  acid 
was  discovered  by  Beilstein  ;  in  regard  to  this  latter  substance, 
however,  its  récognition  as  a  third  isemeride  was  greatly  delayed  by 
an  unf ortunate  mistake  en  the  part  of  its  discovei  er.  The  discovery, 
in  fact,  increased  instead  ef  simplifying  the  complexity  of  the  question. 

At  the  présent  time,  having  the  key  in  our  possession,  we  are  able 
to  trace  without  difficulty  the  structural  relationship  of  thèse  acids 
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which,  to  those  workers,  was  obscured  by  masses  of  détail.  Thèse 
détails  are  now  of  secondary  importance.  They  serve,  however,  to 
make  clear  to  us  the  way  in  which  tbe  first  suspicions  io  the  mind  of 
Wislicenus  were  aroused. 

Even  when  surmise  became  conviction,  it  would  nofc  hâve  been 
characteristic  of  his  judicial  intellect  had  he  altogether  discarded  the 
théories  which  he  perceived  to  be  in  the  main  so  fruitful  and  so  nearly 
accurate.  To  him  it  was  more  natural  to  assume  that  the  explanation 
might  be  found  in  some  extension  of  thèse  théories,  and  with  brilliant 
discernment  he  showed  the  précise  direction  in  which  that  extension 
was  to  be  made,  namely,  by  taking  into  account  the  arrangement  of 
the  various  parts  of  the  molécule  in  tridimensional  space,  and  he  even 
attempted  to  represent  such  a  conception  in  a  graphie  manner. 

His  views  were  expressed  in  his  address  to  the  Naturforscherver- 
sammlung  at  Innsbruck  in  1869,  and  shortly  afterwards  he  gave 
them  a  wider  publicity  in  the  new  Berichte  der  deutschen  chemischen 
Gesellcîiaft  ^  in  connection  with  a  paper  on  the  modifications  of  lactic 
acid.  The  précise  words  he  employed  are  worthy  of  quotation. 
"Tats:ichen  wie  dièse  werden  dazu  zwingen  die  Verschiedenheit 
isomerer  Moleciile  von  gleicher  Structurformel  durch  verschiedene 
Lagerung  ihrer  Atome  in  Raum  zu  erklaren  und  sich  nach  bestimmten 
Yorstellungen  daruber  umzusehen." 

The  new  shoot  which  was  thus  grafted  on  the  stock  of  structural 
chemistry  did  not  at  once  show  signs  of  growth,  although  it  was 
imperceptibly  acquiring  vitality  as  the  external  conditions  were 
becoming  more  suited  to  its  free  development. 

It  was  at  Ziirich,  also,  that  Wislicenus  interested  himself  for  a  time 
in  the  question  of  the  origin  of  muscular  energy,  his  association  with  his 
friend  and  coUeague  Adolf  Fick  being  doubtless  responsible  for  his 
temporary  divergence  in  this  direction. 

At  that  time  Liebig's  theory  held  the  field,  it  being  generally 
supposed  that  the  energy  neces?ary  for  muscular  power  was  furnished 
by  the  combustion  of  the  muscle-substances,  that  is  to  say,  of  nitro- 
genous  albuminous  materials,  whilst  that  supplied  by  the  oxidation  of 
the  carbohydrates  and  fats  was  mainly  of  use  in  maintaining  the 
température  of  the  body.  This  theory  did  not  commend  itself  to  Fick 
and  Wislicenus,  and  on  August  30,  1865,  they  undertook  the  ascent 
of  the  Faulhorn,  near  Interlaken,  for  the  purpose  of  obtaining  direct 
expérimental  évidence  on  the  point.  The  minimum  work  done  in 
the  ascent  was  easily  calculated,  whilst  the  amount  of  nitrogen  in 
the  urine  voided  during  the  journey  supplied  the  basis  for  Computing 
that  parb  of  expended  energy  which  was  supplied  by  the  destruction 
of  the  muscle-material,  a  computation  which  subséquent  experiments 
>  1869,  2,  620. 
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of  Frankland  rendered  even  more  simple.  The  results  indicated  that 
the  nitrogenous  constituants  were  responsible  only  for  a  certain  part 
of  the  energy  expended,  and  the  later  investigations  of  Yoit,  Petten- 
kofer,  and  others  hâve  entirely  confirmed  this  conclusion. 

In  1872  Wislicenus  was  invited  to  succeed  Adolf  Strecker  at 
Wiirzburg,  and  the  move  must  hâve  been  congenial  to  him,  for  it 
brought  him  closely  into  contact  with  a  number  of  men  of  intellect, 
including  Kohlrausch,  von  Wagner,  Sachs,  and  Sandberger.  Hère 
his  attention  turned  more  particularly  to  problems  of  a  nature  suited 
to  the  powers  of  the  numerous  young  workers  whose  studies  he  was 
called  on  to  direct.  From  his  fertile  imagination  fell  the  ideas  which 
were  the  starting  points  of  many  fruitful  and  varied  expérimental 
investigations.  In  particular,  the  synthèses  with  the  aid  of  molecular 
silver,  and  those  involving  the  use  of  acetoacetic  or  malonic  ester,  led 
to  the  development  of  fields  in  which  his  students  fonnd  abundant 
space  for  useful  work.  The  extraordinary  volume  and  the  importance 
of  the  new  observations  which  flowed  from  his  laboratories  during  this 
period  evoked  the  admiration  of  the  scientific  world. 

The  time  and  attention  which  his  synthetic  researches  claimed  left 
Wislicenus  few  opportunities  for  other  investigations,  and  the  develop- 
ment of  the  conception  of  space  configuration  and  its  influence  on 
isomerism  was  making  but  little  progress,  at  least  on  the  practical  side. 
In  the  interval,  however,  the  theoretical  foundation  on  which  is  based 
our  présent  view  of  stereochemical  relationships  among  carbon  com- 
pounds  had  been  laid  by  van't  Hoff  and  Le  Bel.  "  La  Chemie  dans 
l'Espace,"  van't  Hoff's  famous  thesis,  apjieared  in  1875,  and  it  is  net 
to  be  doubted  that  Wislicenus,  perhaps  more  clearly  than  any  other 
chemist,  foresaw  at  once  the  vast  fields  of  research  which  the  new 
theory  was  to  open  up.  At  his  désire,  a  German  édition  of  van't 
Hoff's  work  was  undertaken  by  Félix  Hermann.  This  appeared  in 
1877  under  the  title  "Die  Lagerung  der  Atome  im  Raume,"  and 
contained  the  matter  of  the  French  édition  together  with  a  préface  by 
Wislicenus  himself,  who  did  not  rest  with  this  elïort  to  make  the  new 
hypothesis  familiar  to  a  wide  circle,  but  took  every  available  oppor- 
tunity  to  press  its  merits  on  the  chemical  world,  which  was  disposed  to 
accord  it  a  cold  réception,  and,  in  some  quarters,  even  to  greet  it  with 
dérision. 

The  death  of  Kolbe,  the  most  uncompromising  opponent  of 
"chemistry  in  space,"  left  vacant  the  Chair  of  Chemistry  at  Leipzig, 
and  the  XJniversity  was  set  the  difficult  task  of  finding  the  man  most 
fitted  to  take  his  place.  The  great,  and  perhaps  not  unexpected, 
honour  fell  to  Wislicenus,  and  in  1885  he  entered  on  his  new  duties, 
which  he  continued  to  discharge  until  his  death  two  years  ago. 

At  Leipzig,  Wislicenus  was  at  last  able  to  give  his  whole  mind  to 
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the  question  of  the  space  distribution  of  the  molécule,  the  first  definite 
step  forward  being  found  in  a  paper  to  the  Konigl.  Siichs.  Gesellscliaft 
der  Wissenschaften  in  1887.^  This  paper  was  entitled  "  Ueber  die 
raumliche  Anordnung  der  Atome  in  organischen  Moleculen  und  ihre 
Bestimmung  in  geometrischisomeren  Yerbindungen,"  and  was  based  on 
van't  Holï's  conception  of  the  analogy  between  a  carbon  atom  and 
a  regular  tetrahedron,  but  involved  considérations  of  a  chemical  nature 
on  which  van't  Hoff  had  barely  touched.  The  mutual  attractive  or 
répulsive  forces  of  the  groups  attached  to  adjacent  carbon  atoms 
were  considered  in  connection  with  the  relative  positions  which  thèse 
atoms,  when  only  singly  bound  to  one  another,  would  be  likely  to 
adopt. 

The  history  of  his  subséquent  investigations  in  this  field  is  so  récent 
and  generally  so  well  known  that  I  may  leave  the  détails  for  later 
discussion,  since  it  is  impossible  in  a  few  words  to  convey  an  adéquate 
impression  of  the  services  which  they  rendered  to  the  science  of  stereo- 
chemistry. 

Turning  for  a  while  to  Wislicenus  in  the  rôle  of  teacher,  it  may  be 
at  once  asserted  that  his  claim  to  our  grateful  recollection  is  of  the 
highest.  He  was  endowed  with  ail  the  qualifications  which  should 
form  the  real  basis  of  a  great  teacher,  and  on  that  foundation  he 
built  with  scrupulous  care,  and  the  words  he  used  in  speaking  of 
his  old  master  Heintz  applied  not  less  truly  to  himself  :  "  Wie  der 
Forschertatigkeit,  so  war  ihm  auch  sein  Lehramt  und  der  Umgang 
mit  der  Jugend  Hertzensache." 

Doubtless  to  the  beginner  and  to  young  médical  students  the 
matter  of  his  lectures  must  hâve  seemed  somewhat  tough,  but  his 
hearers,  one  and  ail,  were  impressed  by  his  lucidity  and  by  the  lively 
and  interesting  way  in  which  he  presented  the  material  he  handled. 
The  feeling  that  the  lecturer  was  thoroughly  at  home  in  ail  depart- 
ments  of  his  subject  quickly  won  the  confidence  of  every  audience 
which  he  addressed. 

In  the  laboratory  he  was  equally  conscientious  ancl  successful. 
Everyone  there,  down  to  the  youngest  worker,  was  personally  known 
to  him.  By  the  careful  questions  he  put,  he  ai^oused  their  pride  in 
making  accurate  observations,  and  ui'ged  them  to  think  and  iuvestigate 
for  themselves,  thus  awakening  their  interest  and  developing  their 
skill.  He  found  the  way  to  imbue  those  who  worked  under  him  with 
something  of  his  own  persistence,  so  that,  in  spite  of  expérimental 
difficulties  or  long  séries  of  reverses,  they  came  to  regard  the  abandon- 
ment  of  a  pièce  of  work  as  an  idea  not  to  be  enter tained. 

Discussions  with  his  pupils  were    a    source    of    real    pleasui-e    to 

^  Wislicenus  gave  the  substance  of  this  paper  in  a  lecture  to  Section  B.  at  the 
meeting  of  the  British  Association  in  Manchester  in  1887. 
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Wislicenus,  and  by  founding  the  Chemical  Societies  of  Zurich,  Wiirz- 
burg,  and  Leipzig,  of  which  he  was  always  the  life  and  soûl,  he  aimed 
to  bring  students  and  staff  more  closely  into  contact,  and  thus  simul- 
taneously  to  strengthen  their  désire  to  acquire  a  wide  knowledge  and 
to  increase  their  interest  in  researcb  work.  It  is  perhaps  not  too 
much  to  say  that  the  intellectual  development  of  young  chemists  was 
to  Wislicenus  a  study  as  absorbing  as  any  of  his  chemical  problems. 

Many  of  us  must  recall  with  pleasure  the  weekly  meetings  at  which 
Wislicenus  gathered  his  students  round  him  at  his  simple  mid-day 
meal.  His  house  was  open  to  students  and  friends  of  ail  âges  and 
positions,  and  hex'e,  as  well  as  at  the  annual  "  Bierfriihschoppen,"  where 
he  entertained  his  colleagues  and  pupils,  the  génial  and  kiudly  nature 
of  their  host  was  patent  to  ail. 

Those  of  us  who  shared  thèse  privilèges  are  not  likely  to  forget  the 
impression  produced  by  his  personality.  His  long  beard,  his  fine  head 
with  its  intellectual  features,  and  his  majestic  carriage  aided  in  pro- 
ducing  a  sensation  which  in  younger  men  was  not  far  from  vénération. 
The  warm  feelings  entertained  towards  him  by  his  students  doubt- 
less  gave  him  keen  pleasure,  but  formai  tokens  were  always  distasteful 
to  him.  At  the  approach  of  his  sixtieth  birthday  it  came  to  his  ears 
that  covert  préparations  were  on  foot  to  give  spécial  récognition  to  the 
occasion,  and  the  distress  which  he  showed  was  so  evidently  sincère 
that  nothing  remained  but  to  abandon  any  idea  of  célébration. 

To  his  love  for  teaching  may  be  traced  the  reappearance  of  Strecker's 
text-book,  originally  based  on  Regnault's  "  Premiers  Eléments  de 
Chemie."  After  the  death  of  Strecker  in  1871,  Wislicenus  took  upon 
himself  the  task  of  rewriting  this  book,  which  involved  him  in  many 
jears'  work.  In  1874  the  organic  portion  was  published  (sixth  édition), 
but  the  inorganic  portion  (ninth  édition)  did  not  make  its  appearance 
until  1887  ;  both  were  in  reality  new  works,  for  during  theyears  which 
interv^ened  the  condition  of  chemistry  had  undergone  a  complète 
transformation. 

If  to  the  task  of  carrying  on  his  scientific  work  and  to  the  guidance 
of  his  pupils  he  devoted  most  scrupulous  care,  he  was  not  less  punc- 
tilious  in  the  fulfilment  of  other  duties  which  fell  in  no  short  measure 
on  his  shoulders.  Of  his  professorial  functions  one  of  the  least  agree- 
able  was  that  of  examining,  but  the  irritation  which  an  examination 
entailed  on  him  did  not  affect  the  sincerity  of  his  efforts  to  form  a  just 
estimate  of  the  men  who  came  before  him. 

His  colleagues  hâve  borne  éloquent  testimony  that  his  thorough 
grasp  of  détail  as  well  as  principle  was  noticed  in  ail  his  dealings  with 
the  faculty  of  his  University.  Seldom  was  he  absent  from  a  business 
meeting,  and  it  was  not  often  that  an  important  question  was  mooted 
on  which  he    had  not    some    illuminating  suggestion  to   make.     His 
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advisory  reports  were  always  constructed  with  great  care,  and  were 
clear  and  finished.  In  addition  to  the  duties  of  his  chair,  he  fovind 
time  in  Leipzig  to  fill  the  offices  of  Dean  and  Rector  magnificus, 
positions  to  which,  as  was  generally  conceded,  he  brought  exceptional 
dignity.  Twice  in  Wiirzburghe  was  honoured  byacall  to  the  E.ector's 
seat,  and  on  the  second  occasion  the  summons  implied  more  than 
ordinary  confidence  in  the  man  selected,  for  the  tenure  of  office  was 
intended  to  cover  the  célébrations  in  commémoration  of  the  300th  year 
of  the  University's  existence. 

In  ppite  of  the  extraordinary  calls  which  his  acadamic  and  scientific 
work  made  on  his  energy,  he  still  was  able  to  take  a  prominent  part  in 
political  affairs.  So  far  as  was  possible,  he  held  himself  aloof  from 
party  strife,  and  for  this  reason  he  staunchly  resisted  ail  proposais 
that  he  should  submit  himself  for  élection  to  the  Reichstag,  and  only 
consented  with  reluctance  to  take  office  as  a  town-councillor  at  Leipzig. 
But  when  the  call  came  to  fight  for  large  ideals  and  for  the  future  of 
the  German  people,  the  instincts  of  the  leader  always  brought  him  to 
the  front. 

Wislicenus  was  a  German  to  the  core.  At  school  the  German 
language  was  one  of  his  hobbies,  and  the  folk-lore  and  mythology  of  his 
country  were  an  absorbing  study.  His  long  exile  in  other  lands  only 
served  to  strengthen  his  patriotism,  and  he  followed  heart  and  soûl  the 
efforts  of  his  countrymen  to  form  a  united  nation.  He  was  an  ardent 
follower  of  Bismarck,  and  uever  hesitated  to  give  the  freest  expression 
to  his  opinions.  He  strove  constantly  to  promote  a  German  colonial 
policy,  and  was  a  keen  advocate  of  proposais  to  form  a  great  German 
navy.  Nevertheless  throughout  his  life  he  kept  a  warin  place  iu  his 
heart  for  Svvitzerland,  his  foster-mother. 

An  incident  which  illustrâtes  some  of  the  prominent  features  in  the 
character  of  Wislicenus  may  be  related.  Shortly  after  the  conclusion 
of  peace  between  France  and  Germany,  a  gathering  of  the  Gex*man 
inhabitants  of  Zurich  was  held  to  celebrate  the  occasion,  and 
Wislicenus  was  nominated  chairman.  The  Francophile  portion  of  the 
population  attacked  the  meeting  hall  with  stones,  and  set  fire  to  the 
staircase.  A  panic  arose  among  the  merry-makers,  but  Wislicenus, 
with  a  well-timed  appeal  to  their  patriotism,  restored  their  confidence, 
and  then  proceeded,  with  the  ixtmost  coolness,  to  show  them  how 
defences  might  be  formed,  and  to  extinguish  the  burning  stairs  with 
béer. 

He  lef t  the  hall  immediately  af tervvards,  and  walked  quietly  through 
the  mass  of  excited  people  whose  intention  ifc  had  beeu  to  stone  him. 
But  his  commanding  présence  at  once  put  a  stop  to  any  such  idea,  and 
no  one  venLured  to  assault  him. 

Shortly   after  he    settled  iu  Zurich,  Wislicenus   married    Ivaihorine 
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Scattler,  the  grand-daughter  of  Wilhelm  Sattler,  of  Schweinfurt,  who 
shared  with  Russ  the  discovery  of  "Schweinfurt  green."  His 
happiness  was  not  long  unmarred  by  misfortune,  for  in  1866,  Hugo,  his 
brother,  who  at  the  time  was  Privat-docent  in  the  Faculty  of  Germanie 
Archaeology  at  Zurich,  lost  his  life  as  the  resuit  of  an  accident  in  the 
Alps.  This  blow  was  followed  by  others  even  more  severe.  His  wife, 
after  ten  cloudless  years,  was  seized  with  an  incurable  mental  disorder, 
and  two  gifted  sons  were  taken  from  him  before  attaining  manhood, 
The  marks  made  by  thèse  calamities  were  never  eiïaced,  but  the 
interest  which  he  took  in  his  fellow  men  was  not  thereby  lessened. 
He  sought  to  save  his  friends  distress  by  striving  to  conceal  his  pain, 
and  it  is  more  than  likely  that  the  restraint  which  he  thus  imposed 
on  himself  started  the  first  tvemor  which  finally  led  to  the  breakdown 
of  his  overburdened  frame. 

His  two  remaining  sons  followed  in  their  father's  footsteps,  and  he 
wasable  to  rejoicein  their  successes.  Of  his  two  daughters,  theelder, 
Emilie,  remained  with  him  until  his  death,  sharing  his  joys  and 
troubles  ;  his  second  daughter,  Marie,  lived  in  Zurich  after  her  marriage, 
and  in  later  years  father  and  daughters  met  there  at  fréquent 
intervais.  The  relations  between  Wislicenus  and  his  children  were 
idéal,  and  the  sympathy  which  bound  the  household  can  fully  be 
realised  only  by  those  who  hâve  had  the  privilège  of  entering  the 
family  circle.  Holidays,  to  them,  meant  the  fields  and  woods.  The 
father  had  built  a  charming  country  house  in  the  Schonungen  district, 
not  far  from  Schweinfurt,  and  there,  in  the  peaceful  valley  below  the 
picturesque  fortress  of  Mainberg,  he  spent  a  part  of  his  vacations  in 
quiet  study,  or  sought  to  gain  new  energy  by  tramping  the  woods 
with  gun  on  shoulder  and  his  mind  full  of  the  interests  of  country 
life. 

I  may  now  be  permitted  to  review  in  greater  détail  some  of  the 
scientific  work  associated  with  the  name  of  Johannes  Wislicenus.  At 
the  commencement  of  his  career,  the  study  of  organic  chemistry  had 
greatly  weakened  the  hold  of  the  Berzelius  dualistic  electrochemical 
theory,  at  least  as  a  universal  principle,  for  the  direct  application  of 
that  conception  to  carbon  compounds  had  proved  fruitless,  and  it  was 
beginning  to  be  felt  that  even  the  "  radical  "  theory  of  Liebig  and 
Dumas  would  prove  inadéquate,  A  brilliant  procession  of  new  and  un- 
expected  observations  was  passing  befoi-e  the  eyes  of  the  chemical  world, 
and  the  revolutionary  ideas  of  Gerhardt  were  attracting  the  fancies  of 
the  younger  schools  of  chemists,  although,  as  is  usually  the  case  when 
doctrines  of  tried  utility  are  threatened  by  overthrow,  the  new  views 
were  opposed  by  several  of  the  elder  men. 
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It  was  entirely  in  accordance  with  the  independence  of  thought 
which  bis  judgment  so  often  displayed  that,  in  his  first  contribution 
to  cbemical  literature,  of  which  mention  has  already  been  made, 
Wislicenus  dissociated  himself  from  the  conservatism  of  his  teacher, 
Heintz,  and  proclaimed  himself  an  adhèrent  of  the  new  principles. 
Simultaneously  with  this  theoretical  paper  on  glycérine  and  the  poly- 
atomic  alcohols  appeared  others  in  which  was  detailed  the  expérimental 
basis  for  the  conclusions  drawn,  the  principle  that  theory  and  ex- 
periment  must  yield  each  other  mutual  support  being  his  guide 
throughout  his  scientific  career. 

When  Wislicenus  resumed  work  at  Zurich,  the  problem  of  the  con- 
stitution of  lactic  acid  was  in  the  air.  The  discovery  of  glycol  by 
Wiirtz  in  1856,  and  the  publication  of  Heintz's  synthesis  of  glycollic 
acid  from  chloracetic  acid,  had  paved  the  way  for  a  preliminary  agree- 
ment  between  the  schools  of  WUrtz  and  Kolbe.  The  former  saw  in 
lactic  acid  a  "  diatomic  radical,  0311^03  "  ;  the  latter  based  his  views 
on  the  broader  conception  that  the  substance  was  really  a  monobasic 
acid,  and  endeavoured  to  show  that  it  was  very  simply  derived  from 
propionic  acid,  which  he  conceived  as  "  ethyl  formic  "  acid  ;  to  lactic 
acid  he,  therefore,  attributed  the  functions  of  a  "  (hydr)oxyethyl  formic  " 
acid,  and,  in  the  older  symbols  to   which   he  permanently  adhered,  he 

expressed  its  structure  by  the  type  formula  H0(  C  l  ^tq  )[C202]'^' 

"Wislicenus  entered  the  field  without  preformed  notions,  and,  rocog- 
nising  that  the  différence  of  opinion  arose  largely  as  the  resuit  of  too 
narrow  conceptions  of  the  type  theory,  endeavoured  to  show  that  it 
was  easy,  merely  by  extending  the  idea  of  radicles  within  radicles,  to 
express  ail  that  was  then  known  as  to  the  behaviour  of  lactic  acid. 
He  emphasised  the  fact  that,  in  accordance  with  Kolbe's  view,  lactic 
acid  is  monobasic,  and  that  the  second  replaceable  hydrogen  atom  has 
the  same  character  as  the  replaceable  hydrogen  in  alcohols.^  The 
(i^sodium  derivative  of  lactic  acid  behaves  in  much  the  same  manner  as 
does  an  alcoholate,  being  decomposed  by  carbon  dioxide,  and  even  by 
water,  into  the  monosodium,  derivative  and  sodium  carbonate  or 
hydroxide,  whilst  the  formation  of  a  sodium  derivative  of  ethyl  lactate 
is  in  accordance  with  the  belief  that  this  ester  still  retains  an  alcoholic 
function.  He  considered,  in  the  terms  then  in  vogue,  that  the  divalent 
carbonyl  radicle  is  "  neutralised  "  on  one  side  by  union  with  a  positive, 
univalent  alcohol  radicle,  leaving  it  negatively  univalent,  whilst  in  the 
alcohol  radicle  itself  there  is  also  the  hydrogen  atom,  Avhich  is  replace- 
able by  acid  groups  and  capable  of  being  removed  with  the  oxygen 
atom  in  exchange  for  an  atom  of  chlorine, 

1  Aimalen,  1863,  125,  41—70. 
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The  formula  lie  employed  to  crystallise  his  view  of  lactic  acid  was 


and  lie  indicated  how  clearly  tliis  accouiited  for  tlie  isomerism  of  the 
two  methyl  derivatives  : 


C0"^ 
^A^'\0-^    >0      and       ^A 


H 


H 


CH3  ) 


and  by  hydrolysing  Perkin's  etliyl  acetyl-lactate  he  succeeded  in  isolating 
acetyl-lactic  acid  and  its  salts  : 

C0"^    )  CO'S  ) 

C0H3U I  ^  '    (  ^  C2H3O 1  ^     r  ^ 

C,H,     )  H        ) 

Ethyl  acetyl-ractate.  Acetyi-lactic  acid. 

He  went  on,  sliortly  after  this,  to  tlie  study  of  malic,  tartaric,  ci  trie,  and 
mucic  acids/  to  which  similar  views  appeared  to  be  capable  of  applica- 
tion. Thèse  acids  were  generally  recognised  to  be  dibasic  in  character, 
and  Kekiilé  regarded  malic  acid,  for  example,  as  a  "  triatomic  dibasic  " 
acid,  whilst  Kolbe  preferred  to  picture  it  as  a  "  dibasic  mono(liydr)oxy  " 
acid.  In  order  to  détermine  how  far  the  additional  oxygen  atoms  in 
thèse  acids  correspond  in  function  with  the  third  oxygen  atom  in 
lactic  acid,  Wislicenus  investigated  the  action  of  acetyl  chloride  on 
their  neutral  esters,  the  conclusions  which  he  was  able  to  draw  being, 
(1)  that  the  so-called  atomicity  of  an  acid  is  the  sum  of  the  positive 
hydrogen  atoms  which  are  easily  replaceable  by  metals  or  alcohol 
radicles  and  of  the  négative  hydrogen  atoms  which  are  replaceable  by 
acid  radicles  ;  (2)  that  the  number  of  the  négative  hydrogen  atoms  of 
the  second  type  is  best  determined  by  the  action  of  acetyl  chloride  on 
the  neutral  esters. 

O  TT    )  ' 

While  dealing  with  his  conception  of  the  univalent  radicle      "  tt  r   0 

in    his   lactic    acid    formula,  lie  pointed    out    that    such    a  radicle   is 


existent  in  glycolmonoclilorhydrin,       H  j         >- ,  and  other  glycol  com- 

Clj 

pounds.2     He  endeavoured  to  replace  the  halogen  atom  in  glycolmono- 

chlorhydrin   by  the    cyano-group    through    the   agency  of    potassium 

cj'anide,  and   by  hydrolysis  of  the  product  to  convert  the   compound 

1  AnnaUn,  1861,  129,  175—200.  -  IhùL,  1867,  128,  1—67. 
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into  one  of  tlie  carboxylic  type.  The  method  afforded  him  an  acid 
having  the  formula  CgïïgOg,  which  at  the  time  he  considered  in  ail 
probability  to  be  paralactic  acid  (now  known  as  a-hydroxypropionic 
acid),  trusting  to  observations  on  the  properties  of  its  zinc  sait  for  the 
évidence  as  to  its  identity.  It  must  be  said,  however,  that  subséquent 
experiments  of  Erlenmeyer^  proved  that  the  conclusion  drawn  by 
Wislicenus  was  erroneous,  for  the  acid  obtained  from  glycolchlorhydrin 
by  the  above  mode  of  treatment  yields  the  characteristic  zinc-calcium 
sait  of  hydracrylic  acid  (or  /?-hydroxypropionic  acid)  ;  Erlenmeyer  also 
showed  that  this  method  gives  but  a  poor  yield  of  the  synthetic 
product,  which  is  more  easily  obtained  if  the  intermédiare  ethylene 
cyanohydrin  be  prepared  by  leaving  together  a  mixture  of  ethylene 
oxide  and  hydrocyanic  acid. 

The  existence  of  a  genetic  relationship  between  acetaldebyde  and 
lactic  acid  proper  had  been  rendered  probable  by  Staedler  and  by 
Engelhardt  among  others,  for  aldéhyde  could  be  obtained  fi  om  the  acid 
in  several  différent  ways  ;  Strecker,  moreover,  had  effected  a  synthesis 
of  lactic  acid  from  acetaldebyde  by  way  of  alanine  (a-aminopropionic 
acid).  Thèse  facts  suggested  to  Wislicenus  that  the  divalent  radicle, 
C^H^",  of  ordinary  lactic  acid  was  identical  with  the  "  ethylidene  " 
radicle  of  acetaldebyde,  and  he  confirmed  this  suggestion  experiment- 
ally  by  a  synthesis  of  lactic  acid  from  the  aldéhyde — a  synthesis  which 
was  analogous,  at  least  in  appearance,  to  that  by  means  of  which 
glycolchlorhydrin  had  yielded  him  the  isomei'ic  acid.  The  process  con- 
sisted  in  preparing  the  requisite  ethylidenechlorhydrin  by  the  direct 
addition  of  hydrogen  chloride  to  aldéhyde,  and  subjecting  the  halogen 
compound  to  the  usual  processes  ;  he  also  effected  the  synthesis  by  the 
now  well-known  method  involving  the  formation  of  ethylidenecyano- 
hydrin  by  direct  addition  of  hydrogen  cyanide  to  the  aldéhyde. 

At  this  juncture  he  considered  the  results  of  experiments  to  justify 
the  conclusion  that  the  existence  of  two  isomeric  Cg^ï/  l'^dicles  in 
paralactic  acid  from  méat  juice  and  ordinary  lactic  acid  respectively 
was  established  ;  in  the  paper  appear  for  the  first  time  the  names 
"  ethylenelactic  acid  "  and  "  ethylidenelactic  acid,"  and  thèse  terms 
bave  remained  in  common  use  up  to  the  présent  time,  although  the 
error  made  by  Wislicenus  in  the  application  of  the  former  term 
to  paralactic  acid  was  soon  corrected  when  Erlenmeyer  showed  that 
hydi-acrylic  acid  was  the  compound  to  which  it  should  properly  be 
assigned. 

In  the  same  paper  which  contains  the  account  of  thèse  results  2  is 

to  be  found  an  interesting  discussion  on  différent  modes  in  which  the 

reactions  of  lactic  acid  could  be  expressed  by  type-theory  formulse,  and 

a  free  translation  of  the  concluding  remarks  on  this  subject  may  be 

1  Ammkn,  1867,  141,  261.  '"■  Ibid.,  18G3,  128,  1  d  seq. 
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given.  "  The  formulas  for  lactic  acid,  which  I  hâve  given  above, 
represent,  not  différent,  but  one  and  the  same  kind  of  combination 
betweea  the  parts  of  the  lactic  acid  molécule  ;  the  radicles  in  them 
are  identical,  the  kind  of  mutual  saturation  is  the  same  throughout, 
and  the  only  change  made  is  the  order  in  which  they  corne.  Such 
a  change  in  order  would  always  be  justified  even  if  we  understood  the 
mode  in  which  the  atoms  are  distributed  in  space,  because  our  présent 
formulas  can  do  no  more  than  présent  us  with  a  picture  of  the  com- 
pound  in  one  plane.  If  we  wish  to  represent  the  properties  of  a 
compound  from  ail  points  of  view,  many  différent  formulœ,  emphasising 
différent  characteristics,  are  necessary,  and  so  long  as  thèse  différent 
chemical  formulée  exhibit  the  différences  in  order  only  and  not  in  the 
type  of  union  of  the  adjacent  parts,  so  long,  in  my  opinion,  will  they 
be  wanting  in  scientific  précision."  He  hère  seized  the  opportunity  to 
point  out  that  the  theory  of  molecular  strvicture  must  be  set  on  a 
broader  basis,  remarking  that  it  was  no  longer  possible  to  contend  that 
the  équivalent  substitution  of  hydrogen  produces  only  secondary  effects 
on  the  gênerai  character  of  a  compound. 

The  properties  of  the  so-called  "  anhydrous  lactic  acid  "  next 
absorbed  his  énergies.^  Pelouze  had  investigated  the  action  of 
ammonia  on  this  substance,  and  found  that  ammonium  lactate  was 
formed,  whilst  Laurent  found  that  only  one-half  of  the  ammonia 
absorbed  could  again  be  directly  obtained  in  the  form  of  platini- 
chloride,  the  other  half  being  combined  in  a  non-separable  form. 
Laurent  drew  the  conclusion  that  the  product  he  obtained  arose  as 
the  resuit  of  a  décomposition  of  an  ammonium  aminolactate  or 
lactamate,  Wislicenus^  had  already  suggested  that  "anhydrous 
lactic  acid  "  was  ester-like  in  character,  one  residue  of  lactic  acid 
functionating  as  the  acid  i-adicle  and  another  as  the  alcoholic  radicle, 
so  that  by  the  action  of  ammonia  it  might  be  expected  to  afford  one 
molécule  of  lactamide  and  another  of  lactic  acid,  or  rather  of  its 
ammonium  sait  ;  by  carrying  out  the  reaction  with  ammonia  in  an 
alcoholic  solution  of  "  anhydrovis  lactic  acid,"  he  was  able  to  prove 
that  both  thèse  compounds  are  formed  immediately,  and  therefore  are 
not  mei*ely  secondary  products  as  Laurent  had  supposed. 

During  the  next  two  or  three  years  a  great  advance  was  made, 
because  Frankland's  graphie  methods  of  representing  the  constitu- 
tion of  Carbon  compounds  began  generally  to  be  adopted,  and  we 
find  them  employed  in  ail  the  subséquent  communications  from 
Wislicenus  on  the  subject  of  lactic  acid,  hence  it  will  not  be  in^ 
consistent  if  at  this  point  I  follow  the  séquence  of  historical 
events,  and  at  once  employ  the  modem  graphie  symbols  to  depict 
the  process  by  which  Briigger,  in  1864,  confirmed  the  views  of 
1  Annalen,  1865,  133,  257.  -  Ibid.,  1863,  128,  60. 
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Wirtlicenus  regarding  the  nature  of  "  anhydrous  lactic  acid,"  or 
"  dihydrolactic  acid,"  as  it  bas  more  recently  been  termed.  Briigger's 
metbod  ^  consisted  in  beating  potassium  lactate  with  a-bromopropionic 
acid,  tbe  product  proving  to  be  tbe  anhydro-compound  in  question. 


KBr. 


A  striking  observation  of  Strecker's  arrested  tbe  attention  of 
WisHcenus  ;  by  tbe  action  of  beat  on  sarcolactic  acid,  an  anhydride  of 
ordinary  lactic  acid  was  obtained,  and  WisHcenus,  wbo  at  tbis  time 
considered  tbat  sarcolactic  or  paralactic  acid  was  etbylenelactic 
acid,  supposed  tbat  tbis  involved  a  conversion  of  /3-bydroxypropionic 
acid  into  a-bydroxypropionic  acid,  and  in  order  to  détermine  if  such 
a  cbange  migbt  be  brougbt  about  in  the  homologues  of  lactic  acid, 
be  examined  tbe  properties  of  the  bydroxybutyric  acid  wbicb  be 
prepared  for  tbe  purpose  by  tbe  réduction  of  Geuther's  acetylacetic 
ether.  Tbis  acid  he  considered  to  be  the  analogue  of  paralactic  acid, 
for  the  isomeric  acid  prepared  by  Friedel  and  Macbucca  from 
brominated  butyric  acid  be  correctly  supposed  to  be  the  corresponding 
a-hydroxy-acid.  He  was  unable  to  satisfy  bimself  tbat,  on  beating 
/3-bydroxybutyric  acid,  any  cbange  took  place  corresponding  with  tbat 
noticed  by  Strecker  in  the  case  of  paralactic  acid,  but  observing  tbat 
tbe  salts  of  ^-bydroxybutyric  acid  swelled  when  heated,  be  suggested 
tbat  the  non-occurrence  of  tbe  expected  isomeric  change  was  the  resuit 
of  tbe  conversion  of  tbe  compound  into  tbe  unsaturated  acid  by  loss 
of  a  molécule  of  water.^  It  is  now  clear,  of  coiirse,  tbat  the  change 
which  paralactic  acid  undergoes  when  heated  is  a  simple  case  of  race- 
misation,  such  as  occurs  also  in  tbe  case  of  mandelic  acid,  involving 
no  further  structural  altération. 

It  was  at  about  tbis  time  tbat  bis  first  important  paper  on  the  acid 
from  ^-iodopropionic  acid  made  its  appearance.^  Beilstein  bad  pre- 
viously  carried  out  the  hydrolysis  of  the  iodo-acid  by  moist  silver 
oxide,  but,  unfortunately,  bad  failed  to  recognise  the  true  character  of 
tbe  product,  to  wbicb  be  assigned  tbe  name  "  bydracrylic  acid  "  and 
the  formula  CjgHgoO^^.  Two  years  afterwards,  Moldenbauer  found 
tbat  Beilstein's  acid  could  be  converted  into  a  compound  having  the  same 
empirical  formula  as  lactic  acid  by  beating  it  with  a  solution  of  alkaline 
bydroxides,  and  tbis  paper  was  succeeded  by  others  emanating  from 
Wichelbaus  and  from  von  Richter.  Wislicenus  re-examined  Beilstein's 
acid,  and,  by  preparing  its  crystalline  salts,  succeeded  in  proving  that 

1  Zeit.fûrChem.,  1869,  5,  338. 
-  Ânnalen,  1869,  149,  205—215. 
3  Zeit.fûr  Chem.,  1868,  4,  683—684. 
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it  was  isomeric  with  lactic  acid.  He  returned  to  the  subject  some 
years  later^  in  conséquence  of  an  expression  of  opinion  from 
Wichelhaus,  who  considered  thafc  kydracrylic  acid  was  identical  with 
ethylenelactic  acid  ;  an  opinion  which  Wislicenus  did  not  share, 
althougb,  as  he  believed,  ethylenelactic  acid  is  undoubtedly  présent  in 
small  quantities  in  the  crude  acid  from  meafc-extract.  It  is  only  fair 
to  note  that  both  Erlenmeyer  and  Klimenko  failed  to  confirm  the 
latter  statement.  Wislicenus  showed  that  the  action  of  silver  oxido 
on  /3-iodopropionic  acid  affords,  not  only  a  lactic  acid,  but  also  acrylic 
acid,  CgH^O^,  and  two  isomeric  acids  having  the  formula  C^HjQOg. 
which  he  termed  dehydracrylic  and  paradipimalic  acids  respectively, 
Heintz,  by  warming  /3-iodopropionic  acid  with  milk  of  lime,  also 
observed  the  formation  of  lactic  and  acx-ylic  acids,  but  did  not  detect 
the  other  acids  discovered  by  Wislicenus  ;  he  also  discovered  the 
characteristic  double  zinc-calcium  sait  of  the  lactic  acid  formed. 
Heintz,  like  Wichelhaus,  believed  that  Beilstein's  acid  must  be 
regarded  as  ethylenelactic  acid. 

ïhe  reason  urged  by  Wislicenus  in  support  of  his  contention  that 
hydracrylic  acid  is  not  ethylenelatic  acid  was  that  he  was  unable  to 
convert  it  into  malonic  acid,  which  the  latter  alïorded  him  without 
difficulty;  moreover,  the  acid  which  he  had  obtained  from  ethylene- 
chlorohydrin  had  refused  to  yield  ^-iodopropionic  acid  on  treatment 
with  hydrogen  iodide,  and  gave  only  amorphous  salts,  whilst  hydra- 
crylic acid  could  be  reconverted  into  y8-iodopropionic  acid  without 
difficulty, 

He  considei'ed  that  the  two  compounds  were  very  closely  related, 
however,  and  suggested  that  /3-iodopropionic,  glyceric,  hydracrylic  and 
acrylic  acids  were  not  true  carboxylic  acids,  and  his  conception  of  their. 
relationship  was  expressed  by  the  following  formulte  : — 


ÇH^-I 

ÇH.-OH 

ÇH^-OH 

C^2 

/CH 
0<iH-OH 

Ç-OH 

0<iH-OH 

o<6h-oh 

^-lodopropionic 
acid. 

Glyceric  aciel. 

HyJracrylic 
acid. 

Acrylic  aciJ. 

It  was  the  experiments  of  Erlenmeyer,^  to  which  référence  has 
already  been  made,  which  revealed  the  trap  into  which  Wislicenus  had 
fallen,  and  served  to  establish  the  identity  of  hydracrylic  and  ethylene- 
lactic acids. 

Wislicenus,  in  1873,  once  more  took  up  the  investigation  of  the  acids 
from  meat-extract,^  and  confirmed  ^Strecker's  observation  that  para- 
lactic  acid  may  be  converted  into  the  anhydride  of  ordinary  lactic  acid, 

1  Annalen,  1873,  166,  3,  et  seq.  "■  Ihid.,  1878,  191,  261. 

=*  Ihid.,  1873,  166,  3—64  ;  167,  302—346. 
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and  proved  that,  by  heating  the  former  at  135 — 140^,  a  complète 
conversion  of  the  active  into  the  inactive  acid  may  be  brought  about. 
Comparative  experiments  on  the  two  acids  showed  him  that  both 
compounds  yield  aldéhyde  and  under  precisely  similar  conditions, 
forcing  him  to  the  conclusion  that  there  is  no  profound  différence  in 
structure  between  the  two,  so  that  the  facts  accumulated  up  to  that 
time  indicated  clearly  enough  that  paralactic  acid  and  fermentation 
lactic  acid  must  be  repi'esented  by  the  same  chemical  formula, 


ÇH-OH. 

CO,H 

It  is  worth  while  to  quote  the  words  in  which  he  announced  his 
conclusion  to  the  German  Chemical  Society, ^  for  they  must  be  mémor- 
able as  marking  the  first  step  towards  the  development  of  chemistry  in 
space.  "  Es  ist  damit  der  erste  sicher  constatierte  Fall  gegeben,  dass 
die  Zahl  der  Isomeren  die  der  Struckturmoglichkeiten  iibersteigeu 
kann.  Tatsachen  wie  dièse  werden  dazu  zwingen,  die  Verscliieden- 
heit  isomerer  Molécule  von  gleicher  Struekturformel  durch  verschied- 
ene  Lagerung  ihrer  Atome  im  Raum  zu  erklàren  und  sich  nach 
bestimmten  Vorstellungen  darliber  umzuseheu." 

For  the  type  of  isonierism  which  dépends  on  the  varying  space 
distribution  of  the  atoms  in  the  molécule,  he  used  the  terni  "geo- 
metrical  isomerism,"  ^  a  name  which  was  afterwards  replaced  in 
1888  by  the  word  "  stereoisomerism,"  coined  by  Yictor  Meyer. 

The  years  over  which  the  investigations  on  lactic  acid  extended  were 
not  wifchout  results  in  other  fields.  At  one  time  Wislicenus  seems  to 
hâve  taken  some  interest  in  inorganic  chemistry  and  in  water  and 
gas  analysis,  but  this  was  in  his  earlier  years,  and  his  later  work  lay 
almost  exclusively  in  the  domain  of  carbon  chemistry. 

In  1869  appeared  his  first  paper  on  the  subject  of  the  dibasic  acids 
of  the  oxalic  séries  C,JI.2n{C0.Jî).^.^  The  nomenclature  wdiich  he  hère 
proposed  for  the  first  few  members  of  the  séries  is  practically  the 
same  as  that  in  use  at  the  présent  time,  except  that  "  Kpic  acid  "  has 
become  "  glutaric  acid."  In  this  communication  the  use  of  "  molecular 
silver  "  as  a  synthetic  agent  is  described  for  the  first  time  ;  this  agent, 
prepared  by  the  réduction  of  silver  chloride  in  the  cold,  was  heated 
with  ^-iodopropionic  acid,  first  at  100— 120^,  and  then  at  150—160°, 
the  product  being  adipic  acid, 

900  TT-CH  -PH  .T  +  9Ao--Ç'^2'^H:2-C02H 
-CO,H  LK,  eu,  I  +  2Ag  -  (^.g^.cjj^.co^H  +  -'^^^• 

1  Ber.,  1869,  2,  620.  2  Annalcn,  1873,  167,  345. 

»  Ihid.,  1869,  149,  215—224. 
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A  synthesis  of  another  member  of  this  séries,  naïuely,  succinic  acid, 
was  also  accomplished,  and  this  experiment  aj^pears  to  hâve  given 
rise  to  the  long  and  valuable  séries  of  researches  on  acetoacetic  ester 
which  emanated  from  the  laboratories  of  Zurich  and  Wiirzburg  under 
the  auspices  of  Wislicenus.  The  synthesis  referred  to  consisted  in 
bringing  ethyl  chloroacetate  into  reaction  with  the  product  obtained 
by  the  action  of  sodium  on  ethyl  acétate — a  product  which  was 
generally  held  to  be  a  simple  substitution  derivative,  although  Geuther 
himself  maintained  the  view  which  is  now  known  to  be  the  correct 
one.  The  conception  which,  at  the  time,  Wislicenus  formed  of  the 
process  was  as  follows  : — 

C1-CH,/C0,-C.,H,  +  Na-CH^-CO.-CgH,  =  aÎÎ''^!^'*^'ÎÎ'  +  ^aCl. 

The  method  was  found  to  lead  to  the  formation  of  a  by-product, 
the  investigation  of  which  Wislicenus  left  in  the  hands  of  his  pupil 
Noeldecke,  who  succeeded  in  proving  it  to  be  acetopropionic  acid, 
CHg'CO'CH^'CHo'COgH  ;  tbis  substance,  as  was  afterwards  shown, 
is  produced  by  the  élimination  of  carbon  dioxide  from  acetosuccinie 
acid,  from  the  ethyl  ester  of  which  in  reality  the  succinic  acid  formed 
in  the  reaction  is  also  produced. 

In  the  same  year  appeared  communications  on  duplothioacetone,^ 
which  he  prepared  from  acétone  by  means  of  phosphorus  trisulphide, 
and  on  the  dibromobenzenes.  His  investigations  on  the  latter  subject 
were  cai-ried  out  in  conjunction  with  Riese,  and  included  experiments 
on  the  action  of  sodium  on  the  crystalline  dibromo-compound,  a  process 
which  gave  rise  to  diphenyl,  diphenylbenzene,  and  other  products  ;  the 
oily  "  /8-dibromobenzene  "  which  accompanies  the  former  was  purified 
and  converted  into  its  nitro-derivative,  and  the  latter  shown  to  be 
différent  from  the  nitro-compound  of  crystalline  dibromobenzene. 

Among  the  first  papers  published  by  Wislicenus  after  his  promotion 
to  Wiirzburg  was  a  communication  on  a  synthesis  of  hydantoic  acid 
which  was  shown  to  be  the  product  obtained  when  cyanic  acid  acts  on 
glycocoll.2 

ÇH^-KH^  +  HCNO  =  CH./NH-CO-NHg 
CO.^H  CO,H 

The  synthesis  of  ethylmalonic  acid  from  normal  butyric  acid  was 
accomplished  by  him  in  conjunction  with  Urech,^  the  procesi 
involving  the  conversion  of  the  butyric  acid  into  its  a-brominate( 
derivative,  which,   by  the   action  of  potassium   cyanide,   followed  b 

1  Zeit./ûr  Chem.,  1869,  5,  324—326.  ^  Annalen,  1873,  165,  103. 

3  Ibid.    93—98 
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the  hydrolysis     of    the    resulting  a-cyanobutyric   aciil,  gave  the  siib- 
stituted  malonic  acid  without  difficulty, 

CH3-CH2^CH(COoH)2. 

The  years  1874  and  1875  were  signalised  by  the  appearance  of  a 
long  séries  of  communications  from  the  Wiirzburg  laboratories.^ 
Thèse  were  mainly  the  results  of  work  undertaken  by  hia 
students,  and  covered  a  very  wide  range.  With  Goldenberg,  benzoin 
was  shown  to  be  capable  of  réduction  to  Zinin's  desoxybenzoin,  and 
the  latter  to  dibenzyl,  while  benzoinpinacone  was  obtained  for  the  first 
time.  Bonne,  Goldenberg,  and  Zimmermann  investigated  silver  deriva- 
tives  of  biuret  and  its  allies,  and  used  them  to  prépare  alkyl  derivatives. 
To  Zimmermann  was  entrusted  an  interesting  pièce  of  work  on  the 
constitution  of  phosphorous  acid,  the  possibility  that  triethyl  phosphite 

.    /^-^^^ 
might  be  represented   by  the  formula  CP^-û'C^Hg   being  tested  and 

disposed  of  by  showing  that   the  ester   yields  no  ethylphosphinic  acid 
on  hydrolysis,  but  only  phosphorous  acid,  and  that  by  absorption  of  oxygen 

it  is  converted  into  ethyl  phosphate,  0.  P^— O'OgHg  ;  it  was  also  observed 

that,  on  addition  of  sodium  hydroxide  to  concentrated  phosphorous  acid, 

a  syrup  may   be  obtained  in  which  the  ratio  P  :  Na  is  approximately 

1  :  3,  the  conclu-ion  being  drawn  that  P(0H)3  correctly  represents  the 

properties  of  the  acid. 

The  investigation  of  the  behaviour  of   zinc  ethyl  towards   dichloro- 

ether  fell    into  the  hands  of  Kessel,  and  Frankland's   "  dinitroethylic 

acid  "    gave  Zuckschwerdt    results    which    appeared  to    Wislicenus  to 

N'C  H 
justify  the    formula  0<^  I    ^^^  for  that  compo'jnd.     Zuckschwerdt, 

also  re-examined  the  complex  produet  obtained  when  sulphur  dioxide  is 
brought  into  contact  with  zinc  ethyl. 

A  useful  synthetic  process  was  worked  out  by  Forster,  Avho  found 
that  mercuriphenylammonium  chloride  reacts  smoothly  with  thio- 
carbamides,    the   process   leading    to    the    production    of    guanidines, 

NHg(C6H5)HCl  +  S:C(NHC6ÏÏ5).  =  HgS  +  N(CeH5):C(NH-C6H5).„HCl. 

The  study  of  the  isomeric  solid  and  liquid  crotonic  acids  was 
undertaken  by  V.  Hemilian  ;  the  pure  solid  acid  gave  both  "a"  and 
"  )8  "  sulpho-  and  iodobutyric  acids,  a  fact  which  led  Wislicenus  to 
conclude  that  the  formula  CHg-CHICH'CO^H    represented  the  struc- 

1  Bcr.,  1874,  7,  286—298,  683—692,  892—893;  1875,  8,  1034—1040,  1206—1209. 
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ture  of  solid  crotonic  acid,  whilst  tbe  liquid  acid  was  presumably 
CHgiCH'CHj'CO.^H,  although,  as  he  admitted,  malonic  acid  is  not 
among  the  products  formed  when  the  liquid  acid  is  fused  with  potas- 
sium hydroxide.  This  communication  is  of  especial  interest  when  it  is 
remembered  that  the  différence  between  the  two  acids  was  afterwards 
assigned  by  Wislicenus  to  stereochemical  causes,  the  existence  of 
which  he  was  at  this  time  being  led  to  infer  from  his  lactic  acid 
researches. 

In  the  same  set  of  papers  is  one  containing  an  account  of  the  work 
which  initiated  the  long  séries  of  synthèses  by  the  aid  of  pure  aceto- 
acetic  ester  which  were  carried  ont  in  the  Wiirzburg  laboratories.^ 
Wislicenus  cited  hère  the  new  évidence  confirming  Geuther's  views  and 
refuting  the  suggestions  of  others  that  the  métal  compound  obtained 
by  the  action  of  sodium  on  ethyl  acétate  is  a  simple  substitution  deri- 
vative  of  the  latter  ;  the  substance  was  definitely  shown  to  be  ethyl 
sodiosicetoa.cet&te,  and  attention  was  drawn  to  the  improvement  in  the 
synthetic  process  which  may  be  effected  if,  instead  of  employing  the 
crude  material  prepared  by  heating  ethyl  acétate  with  sodium,  the  pure 
acetoacetic  ester  is  first  isolated  ;  the  use  of  benzène  as  a  diluent 
and  of  excess  of  sodium,  afterwards  to  be  removed,  was  also  suggested. 
Goldenberg,  Ehrlich,  Zeidler,  Saur,  and  others  carried  out  the  expéri- 
mental détails  of  the  work,  proving  that  the  product  so  prepared  may 
afford  nearly  quantitative  yields  of  substitvited  acetoacetic  esters  on 
treatment  with  alkyl  iodides,  benzyl  chloride  or  benzoyl  chloride. 
Finally,  it  was  shown  that  the  7?iowo-substituted  products  are  capable 
once  more  of  reacting  with  sodium  and  alkyl  iodides,  affording  the  di- 
gubstituted  derivatives,  so  that  the  complicated  théories  put  forward 
by  Frankland  and  Duppa  and  by  Geuther  in  explanation  of  the  pro- 
duction of  dialkylacetic  acids,  as  by-products  in  the  old  process,  were 
rendered  unnecessary, 

"With  Conrad,  whose  name  afterwards  became  so  closely  identified 
with  the  progress  of  the  acetoacetic  ester  and  malonic  ester  synthèses, 
Wislicenus  was  able  satisfactorily  to  explain  the  origin  of  the  dehydr- 
acetic  acid  which  is  formed  by  the  distillation  of  acetoacetic  ester,  four 
molécules  of  which  interact  so  that  four  molécules  of  ethyl  acétate 
are  eliminated, 

4CH3-CO-CH2-C02-C2H5  =  CgHsC^  +  4CH3-C02-C2H5, 
whilst  to  fluegheimer  and   Harrow   is   due   the  joint  honour   of    the 
discovery  of  the   synthetic  reactions  by  which  the  sodium  derivatives 
of  ^-ketonic  acids  may  be  converted  into  diacetylsuccinic  esters 

Bcr.,  un,  7,  €83. 
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Other  papers  published  at  this  period,  with  Ehriich,  Rohrbeck, 
Waldschmidt,  Saur,  Conrad,  and  others  as  joint  authors,  dealt  with  the 
continuation  of  this  work.  The  /8-hydroxy-a-substituted  butyric  acids 
obtained  as  réduction  produets  from  the  alkylacetoacetic  esters  came 
under  observation,  as  well  as  the  a-substituted  crotonic  acids  which 
are  produced  by  their  dehydration  ;  thus  from  methylacetoacetic  ester, 
by  this  séries  of  changes, 


ch3-ch:c(ch3)-co,,h. 

a  methylcrotonic  acid  was  isolated  and  identified  with  the  pro- 
duct  prepared  by  Frankland  and  Duppa  from  ethomethoxalic  acid, 
CH3-CH2*C(CH3)(OH)*C02H,  by  removal  of  the  éléments  of  water. 
The  hydrolysis  of  methylethylacetoacetic  ester  yielded  a  valeric  acid 
which  resembled  ordinary  valeric  acid  in  nearly  ail  particulars,  except 
that  its  barium  sait  could  not  be  obtained  in  a  crystalline  condition. 
With  référence  to  this  acid  the  remark  is  made,  "  aus  dieser  Synthèse 
geht  mit  Sicherheit  hervor,  dass  Erlenmeyer's  Vermuthung  der 
sogenannte  optisch-active  Amyl  Alcohol  entspreche  der  Formel 
CH3*CH2*CH(CH3)'CH2'OH  und  die  daraus  dargestellte  Valerian- 
saure  CH3*CH2'CH(CH3)*COOH  in  der  That  richtig  sei,"  a  conclusion 
which,  although  since  proved  to  be  correct,  was  perhaps  scarcely  justified 
by  the  results  of  the  experiments  just  mentioned. 

Arising  out  of  the  study  of  the  action  of  sodium  on  ethyl  acétate,  an 
examination  was  made  of  the  compound  first  isolated  by  von  Fehling 
as  the  product  of  the  action  of  sodium  with  ethyl  succinate.  Herrmann 
was  instrumental  in  proving  that  the  substance  is  similar  in  character 
to  ethyl  acetoacetate,  but  yields  a  mono-  and  also  a  di-potassium 
derivative  decomposed  by  carbon  dioxide,  the  results  seeming  at  that 
time    to    indicate    that   the   substance   was  a  ring  compound   of   the 

The  investigation  of  the  isomeric  ethylacetosuccinic  esters 
Wislicenus  assigned  to  Clowes  and  Huggenburg  ;  the  first  of  the 
isomerides  was  prepared  by  the  interaction  of  ethyl  sodioacetoacetate 
and  ethyl  a-bromobutyrate, 

CHNa(CO-CH3)-C02-aH5   +    CHBr(aH5)-C02-C2H5   = 
ÇH(C0.CH;)-C02-C2H,        __ 
CH(C2ÏÏ6).C02-C2H,        -^  ^^'''' 

and  the  second  by  ethylating  acetosuccinic  ester, 

ÇHNa.C0-CH3  Ç(C2H,)(CO.OEr3).C02-C2H,  . 
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in  accorda nce  with  the  formulée  assigned,  the  former  was  attacked  at 
once  by  sodium,  hydrogen  being  evolved,  whilst  the  latter  was 
practically  unaffected. 

The  most  important  communication  from  the  pen  of  Wislicenus 
during  the  year  1877  was,  without  doubt,  a  masterly  summary  of  the 
knowledge  which  had  accumulated  up  to  that  time  on  the  subject  of 
ethyl  acetoacetate  and  its  applications  as  a  synthetic  agent. ^  In  the 
following  year  this  was  supplemented  by  a  valuable  treatise  on  the 
manner  in  which  the  propoi'tion  of  "acid"  and  "  ketone  "  décomposi- 
tions is  regulated  by  varied  conditions  which  may  be  imposed  during 
the  hydi'olysis  of  the  ester  and  its  substitution  derivatives,^  the 
remarkable  point  elicited  being  the  irregular  modes  in  which  the 
esters  décompose  and  the  conséquent  difficulty  in  foretelling  even 
to  a  rough  degree  of  approximation  the  way  in  which  a  new  ester 
may  behave  under  given  circumstances. 

It  should  be  recorded  that  at  about  the  period  of  which  we  are 
speaking,  Conrad  and  Limpacb,  pupils  of  Wislicenus,  worked  out  the 
détails  of  the  method,  since  tben  almost  universally  adopted  in  carry- 
ing  out  synthèses  such  as  those  involving  the  use  of  acetoacetic  or 
malonic  ester,  namely,  that  of  preparing  the  necessary  sodium 
derivative  by  a  process  of  double  décomposition,  the  ester  being  added 
to  alcohol  in  which  the  calculated  quantity  of  sodium  has  previously 
been  dissolved. 

The  work  which  "Wislicenus  entrusted  to  the  author  during  his  stay 
of  two  years  (1880 — 1882)  in  Wiirzburg  was  the  investigation  of  the 
condensation  products  which  are  formed  when  œnanthol  is  treated  with 
caustic  potash  or  other  reagents,  a  subject  which  at  that  time  was  little 
understood,  but  which  has  since,  in  the  case  of  other  aldéhydes,  been 
thoroughly  worked  out  by  Lieben  and  his  pupils.  But  in  a  laboratory 
like  that  of  Wiirzburg,  in  which  so  much  work  of  so  varied  a  nature  is 
being  carried  on,  more,  perhaps,  is  learnt  by  watching  others  than  from 
the  research  the  student  is  actually  engaged  in.  The  constant  contact 
with  men  engaged  in  synthèses  with  the  aid  of  ethyl  sodioacetoacetate 
and  sodiomalonate  familiarised  the  author  with  thèse  reagents  and 
undoubtedly  helped  to  suggest  the  methods  which  were  subsequently 
employed  in  his  researches  on  the  formation  of  closed  carbon  chains. 
Indeed  the  first  small  experiment  on  the  action  of  ethylene  dibromide 
on  the  sodium  compound  of  ethyl  malonate  was  carried  out  in  the 
Wiirzburg  laboratories,  but  at  that  time  without  resuit. 

The    scientific    papers    associated    with    the    name    of    Wislicenus 

between  the  years   1877  and   1887  are   few   in  number  ;  one  or  two 

dealing  with  compounds  obtained  by  the  acetoacetic  ester  synthesis, 

as  well  as  others  containing  the  results  of  experiments   on  dichloro- 

1  Annalen,  1877,  186,  161—228.  *  Ibid.,  1878,  190,  257—281. 
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ether  and  on  réduction  products  of  phthalic  anhydride,  are  to  be  found, 
but  thèse  studies  appear  to  hâve  aroused  in  him  only  a  passing  interest. 
The  work  involved  in  the  revision  of  Strecker's  text-book,  his  académie 
and  political  duties,  his  translation  to  the  Leipzig  chair  in  1885,  were 
doubtless  ail  in  part  responsible  for  the  apparent  falling  oiï  in  im- 
portance of  his  contributions  to  chemical  literature.  The  appeafance 
in  1888  and  1889  of  his  epoch-making  papers  on  space  relations  of 
the  atoms  in  carbon  compounds,  on  which  he  had  pondered  for  many 
years,  synchronised  with  a  renevved  activity  in  research  work  more 
commensurate  with  the  expectations  of  the  scientific  world  which 
knew  his  powers.  From  this  time  onwards  his  laboratory  was  the 
epring  from  which  issued  the  stream  of  work  which  bas  helped  to 
justify  the  use  of  those  conceptions  first  foreshadowed  by  himself, 
and  afterwards  endowed  with  definite  shape  by  the  genius  of 
van't  Hoiï. 

Since  the  appearance  of  the  original  papers  by  Le  Bel  and  van't  Hoff, 
no  serions  attempt  had  been  made  to  apply  the  theory  to  non-enantio- 
morphous  isomerism,  although  van't  Hoff  had  discussed  the  isomerism 
of  compounds  such  as  fumaric  and  maleïc  acid  in  considérable  détail. 
In  order  to  explain  the  intraconversion  of  thèse  two  compounds, 
through  the  médium  of  the  halogen  derivatives  of  succinic  acid, 
Wislicenus  assumed  that  the  groups  on  neighbouring  carbon  atoms 
act  on  one  another  in  a  mancer  determined  by  their  "  chemical 
affinities,"  and  that  in  cases  where  thèse  adjacent  atoms  are  singly 
interbound,  and  hence  doubtless  free  to  rotate  about  the  point  of 
mutual  attachment,  such  a  rotation  will  take  place  as  to  lead  to  the 
adoption  of  the  most  favourable  {"  begunstigte")  configuration.  An 
arrangement  so  brought  about  would,  he  considered,  be  stable  at  low 
températures,  but  as  the  oscillations  increased  in  violence  with  rise  of 
température  a  new  configuration  m.ight  resuit. 

In  dealing  with  compounds  of  the  type  of  fumavic  and  maleïc  acid?, 
and  represented  by  the  generalised  formulas 

a-C-b  ,  a-C'h 

,  •!  and  N 

'  '  Centrally  "  or  '  '  Plane  " 

"axially"  symmetncal.  syrametrical. 

he  pointed  out  that,  in  the  conversion  of  substances  of  the  centro- 
symmetrical  type  into  saturated  compounds,  it  is  a  matter  of  in- 
différence to  which  of  the  doubly-bound  carbon  atoms  either  part  of 
the  additive  agent  attaches  itself,  as  the  products  are  identical.  In 
the  planosymmetrical  séries,  the  products  of  addition  are  enantio- 
morphous,  but  in  both  cases  there  are  equal  chances  that  either  of  the 
two  common  "  bonds  "  may  be  ruptured,  as  the  molécule  is  symmetrical 
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about  the  plane  containing  the  groujss  affixed  to  the  doubly-bound  pair 
of  carbon  atoms.  The  last  condition  is  also  présent  in  the  more 
gênerai  case  where  any  doubly-bound  carbon  atom  is  attached  to  two 
différent  groups, 

a-C-b 

•C-    ' 

except  in  the  single  instance  where  the  molécule  is  already  an 
asymmetric  one,  that  is  to  say,  where  it  already  contains  one  or 
more  asymmetric  atoms,  or  is  built  on  one  of  the  types  which 
comply  with  the  conditions  necessary  for  the  existence  of  enantio- 
morphism,  and  to  which  attention  was  drawn  by  van  't  Hoff  in  his 
original  treatise.  It  follows,  therefore,  that  whilst,  in  gênerai,  by  the 
conversion  of  a  groiip 

X 

cfC-b    .   ,  ,        .    ■>  ci'C'b 

1 1       into  a  saturated  one         i 
•C-  -C- 


an  asymmetric  carbon  atom  is  produced,  the  right-  and  left-handed 
individuals  are  formad  in  approximately  equal  numbers,^  and  thus  the 

^  In  aceordanee  with  the  usual  convention,  the  enantiomorphous  forms  hère  are 

X  X 

a'b'b  b'C'a 

I  and  I 

•G*  -C- 

y  y 

Thioughoiit  the  following  pages,  however,  only  one  of  the  two  nnnor  images  is 
represented  in  any  instance,  as  the  results  hère  arrived  at  by  the  manipulation  of  the 
formulœ  apply  with  eqnal  truth  to  both,andsuch  inactive  mixtures  will  be  iudicated 
by  the  letter  (?•)  afhxed  to  the  one  formula  given.  It  may  be  pointed  ont  that  a 
rotation  of  either  carbon  atom  about  the  "bond  "  joining  the  two  may  be  represented 
by  an  exehange  in  the  position  of  the  other  three  groups  attached  to  that  atom 
providing  that  their  order,  clockwise  or  couuter-clockwise,  around  that  carbon  atom 
remains  the  same  ;  thus,  the  three  figures 

X  b  a 

a'G'b  x'b-a  b'G-x                             j 

I    ,  I  and                    1 

•C-  -C-  -G-                              1 

represeut  three  phases  in  the  rotation  of  the  upper  carbon  atom  about  the  vertical 
"  bond,"  as  the  order  abx  about  that  atom  is  counter-clockwise  in  each  case. 

For  numerous  reasons,  the  parts  of  the  agent  added  at  a  double  binding  will,  in 
ail  cases,  be  represented  as  becoming  attached  in  the  mode  above  indicated,  namely, 
in  the  line  of  the  original  ethylenic  linkage,  and,  inversely,  the  withdrawal  of  two 
groups  in  the  formation  of  an  ethylenic  union  is  imagiued  to  occur  only  in  the 
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non-production  of  optically  active  substances  from  inactive  compounds 
of  this  class  is  at  once  accounted  for. 

Malic  acid,  according  to  Wislicenus,'   is  probably  to  be  regarded  as 
constituted  with  opposed  carboxyl  groups 

OH 
COoH-Ç-H 
"h-C-CO^H' 
H 

the  aiïinity  of  the  carboxyl  group  for  hydrogen  doubtless  being  greater 
than  that  of  carboxyl  for  another  carboxyl  group  or  for  hydroxyl,  and 
the  production  of  fumaric  acid, 


H-C-COoH 

as  the  main  product  when  the  éléments  of  water  are  withdrawn  from 
malic  acid  is  precisely  in  agreement  with  this  assumption.  The  con- 
version of  ethyl  maleate  into  ethyl  fumarate  by  means  of  iodine  was 
explained  by  aid  of  the  supposition  that  di-iodosuccinic  acid  is  the 
initial  product,  and  the  mutual  repulsion  of  the  two  iodine  atoms  then 
results  in  the  rotation  of  the  two  parts  of  the  molécule,  a  more 
favoured  configuration  being  adopted  ;  from  the  molécule  in  this  new 
disposition  hydrogen  iodide  is  then  withdrawn,  a  process  leading  to 
the  production  of  iodomaleïc  acid,  which  is  afterwards  converted  into 
maleïc  acid  itself  by  the  reducing  action  of  the  hydrogen  iodide 
présent. 

I  H 

CO„H-C-H  _      CO.,H-C-H  I-Ô-CO,H 

"h-C-CO,H      "^         H-C-COoH^**''     ^  H-C-CCoH^'"'' 

i  i 


Fumaric  acid.  Externally  compensated  di-iodosuccinic  acid. 

I-C-CO,,H 
H-C-CO^H  ' 

lodomaleic  acid. 

instance  when  they  are  represented  on  the  paper  as  in  a  stiaight  line   with  the 
"double  bond "  about  to  be  formed  : 


a-C'b  a'C'b 

d'G'e    i  d'C'c 


y 

1  Annalen,  1888,  246,  53—96. 
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The  process  by  which  hydrobromic  acid  effects  the  reverse  change  of 
maleïc  into  fumaric  acid  was  shown  to  be  capable  of  explanation  on 
similar  lines. 

In  the  original  memoir  presented  to  the  Konigl.  Sachs.  Gesellschaft 
der  Wissenschaften,  attention  was  drawn  to  certain  observations  of 
Pétrie  and  of  Bandrowski  which  appeared  to  be  incon&istent  with  the 
theory  of  the  relations  of  maleïc  and  fumaric  acids  therein  put  for- 
ward.  Pétrie  found  that  fumaric  acid  is  the  sole  product  of  the  action 
of  bromine  on  maleïc  acid  in  présence  of  water  at  ordinary  tempéra- 
tures, and  Bandrowski  obtained  dibromosuccinic  acid  as  the  resuit  of 
the  interaction  of  bromine  and  acetylenedicarboxylic  acid.  Wislicenus 
was  able  to  show  later  ^  that  thèse  reactions  are  in  reality  very  com- 
plicated,  the  products  being  mixtures  of  a  number  of  compounds  such  as 
his  theory  was  capable  of  explaining. 

In  replying  to  certain  criticisms  of  Lossen,  Wislicenus  took  occasion 
to  remark  that  the  conception  of  atoms  as  mère  material  points  was 
antagonistic  to  his  views,  for  he  regarded  the  atoms  as  aggregations 
of  the  primitive  élément  and  analogous  to  compound  radicles,  being, 
therefore,  endowed  with  a  space  configuration  of  their  own.  To  his 
mind  it  appeared  not  improbable  that  the  carbon  atom  has  a  tetra- 
hedral  shape,  and  that  the  forces  which  are  displayed  in  the  "  affinities  " 
or  "bonds"  are  concentrated  in  the  four  corners  of  this  configuration, 
perhaps  for  reasons  such  as  lead  to  the  accumulation  of  the  presumably 
analogous  electric  charge  at  the  points  and  corners  of  a  conductor  ; 
if  so,  the  carriers  of  energy  must  be  the  primitive  atoms,  exactly  as 
the  chemical  energy  of  compound  radicles  is  the  résultant  of  the 
energy  of  the  elementary  atoms. 

Among  the  first  compounds  which  Wislicenus  proceeded  to  investigate, 
with  the  aid  of  his  stereochemical  ideas,  were  the  isomeric  tolane  di- 
chlorides.2  By  the  immédiate  application  of  van  't  Hoff's  conception,  it 
was  concluded  that  the  product  obtained  by  the  direct  addition  of  chlorine 

ri  TT  .p.r<i 

to  tolane  must  be  the  planosymmetric  compound  J'^-^^  n  ,  so  that 
the  isomeride  of  lower  melting  point  is  therefore  to  be  represented  by 
the  axially  symmetrical  rormula  i;  il  • 

TT.r'.n  TT  'OTT 

Wislicenus  assigned  to  ;8-coumaric  acid  the  structure       H     1^  ^         , 

II'C'COgH 

for  the    reason   that    it    is   more  readily  converled   into  the  lactone,  ! 

coumarin,    than    is   the    isomeric   acid  ;    in   order   to  account  for  the 

conversion    of    the   latter  into    coumarin    by  hydrogen    bromide,    the 

assumption   was  made    that   the    éléments   of    hydrogen  l)romide  are 

1  Annalen,  1888,  246,  53—96.  -  Ibid.,  248,  1— 3i. 
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added  at  the  ethylenic  linkage,  and  that  a  subséquent  internai  rotation 
of  the  molécule  takes  place  conséquent  on  a  supposed  inclination 
towards  the  formation  of  the  lactone. 

The  practical  investigation  of  the  isomeric  crotonic  acids  fell  to  his 
pupils  Teisler  and  Langbein.^ 

The  results  lad  him  to  infer  that  solid  crotonic  acid  has  the  st  ructure 

H-C-OHg 
H-C-CO.H' 

leaving  for  the  liquid  {socrotonic  acid  the  formula 


The  former,  with  chlorine,  yielded  a/?-dichlorobutyric  acid, 

Cl 
H'Ç-CH3 
H-C-CO^H  ^  ' 

Cl 

Cl 

Cil  'C'H 

whilst  a/3-iSodichlorobutyric  acid,      ^   i  -r-ri'»'),  was  the  product  from 

-rl*L'C02-tl 

Cl 

isocrotonic  acid.      By  removal  of  the  éléments  of  hydrogen  chloride  from 

ay8-isodichlorobutyric    acid,     the    product    a-chlorocrotonic    acid    was 

obtained, 

Cl  CI 

CH3.6H         (,) 
H-C-COoH 
Cl 


— > 

CH3.Ç.H  (,.) 

CO.H-C-Cl 
H 

— > 

CH3-C-H 
C0,H-C-C1 

o)3-zsoDichlorobutyric  acid.  a-Chlorocrotonic  acid. 

and  the  same   substance,  when  warmed  with   an  aqueous  solution  of 
sodium  carbonate,  by  simultaneous  loss  of  carbon  dioxide  and  hydrogen 

CTT  •C'TT 
bromide  afPorded  a-tsochloropropylene,       u  14  r<i  ^  thelatter  was  rapidly 

CTT  'C 
attacked   by  alkalis  at  100°,  yielding  allylene,         ^  m,  whilst  the  iso- 
,y^y,      H-C 

tîIl3-C-H  ,   ,  .    .,  .         , 

mené   a-chloropropylene,        ^1  W  -r,»  prepared   by  a    similar    senes    of 

reactions,  applied  to  crotonic  acid,  reacted  with  alkalis  very  niuch  11  ore 
1  Annalen,  1888,  248,  281—355. 


528  PERKIN:    WISLICENUS   MEMORIAL   LECTURE. 

slowly,  a  resuit  which  is  in  harmony  with  tbe  structures  assigned  to 
the  isomeric  crotonic  acids. 

The  additional  observation  was  made  that  by  heating  a^-dichloro- 
butyric  acid  a  pai-tial  conversion  of  the  compound  in  a^-isodichloro- 
butyric  acid  may  be  elïected. 

The  study  of  the  relations  subsisting  between  angelic  and  tiglic  acids 
gave  results  of  an  equally  interesting  character.i 

Tiglic  acid,represented  by  the  formula  M         ^,  gives  a  dibromide 

which,  when  warmed  with  sodium  carbonate  in  aqueous  solution,  is 
converted  into  crotonylene  hydrobromide, 

Br  Br 

H-C-CH,  H-C-CH,     ,  ,  H-C-CH„,  , 

1  I  -^       V  I  (7-)   V  I  (r)  — V 

CHg-C-COoH      ^  CHg-C-CO^H  ^  ''  Br-C-CHg^  ^     ^ 

Br  CO.H 


Tiglic  acid.  Tiglic  acid  dibromide. 

H-C-CHg . 
Br-C-CHg  ' 

Crotonylene  hydrobromide. 

the  isomeric  angelic  acid  yielded  in  his  hands  as  main  product  angelic 
acid  dibromide,  a  compound  which  had  previously  been  overlooked,  and 
which  with  sodium  carbonate  was  found  to  yield  isodihi-omo])seudo- 
butylene, 

Br  Br 

CH3.C.H  ^    CÏÏ3.Ç.H         ^,.)  CH3-Ç.H     (,,) 

CH3-C-CUH    ""^    CH3-C-C0,H  ^      Br-C-CHg  ^ 

Br  COoH 


Angelic  acid.  Angelic  acid  dibromide. 

CH„-C-H 

3  1 1 
Br-C-CH3 

z'soBromo^wcî/fZobntylene. 

The  last-named  substance  was  also  obtained  by  removal  of  the  éléments 
of  hydrogen  bromide  from  pseudohutylene  dibromide, 
Br  Br 

CH,-C-H      .    CHg-ç-H/  V      ^    CH3-Ç-H      .  ^       ^    CH^-C-H 


(r)  _^  ^-^^3  Y  -^^      (r)  _^  ^^3'Y, 


CHg-C-H  CH3-C-H  Br-C-CHg  Br-C-CH, 

Br  H 


pseuduBntjleue.  psc^ff^Butylenedibromide.  /soBromo^weucio- 

butylene. 

1  Annalen,    1893,    272,    1—99;    1893,    274,    99—119;    1900,   313,    207—209 
210-228 
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Crotonylene,  with  bromine,  gave  /3y-(libromo/)semZobutylene, 
CH,-C  CH„-C-Br 

GHg-C  CHg-C-Br 

Crotonylene.     /87-Dibi'orno^scu(Zwbutylene. 

the  isomeiide  of    which,    namely,    j3y-isodihvoxn.opseudohniylene,    was 

prepared  by  removing  the   éléments  of  hydrogen  bromide  from  (Syy- 
tribromobutane, 

Br  Br 

CHg-C-Br                     CHg-Ç-Bivx  CHg-Ô-Br     .  x 

CH3.C.Br        --^       CHg.C-H'  ^           Br-C-CH3 

Br  H 


/S^-Dibromo^A'fHi^oljutylene.  )3'y7-Tiibroniobutaiie. 

CHg-C-Br 
Br-C-CHg" 

iso-Py-'DihTomo2}seudohvLtylene. 

From  both  of  thèse  dibromo7JseM</obutylenes,  the  same  crotonylene 
tetrabromide  was  obtained  by  addition  of  bromine. 

The  hope  expressed  by  Wislicenus  in  this  paper  that  it  might  some 
day  be  found  possible  to  prépare  the  hydrobromides  of  angelic  and 
tiglic  acids,  and  afterwards  to  convert  thèse  into  the  isomei-ic  pseudo- 
butylenes,  was,  strictly  speaking,  not  realised,  although  some  time  later 
the  same  end  was  attained  by  the  employraent  of  the  hydriodides 
of  thèse  two  acids.^  Tiglic  acid  hydriodide,  warmed  with  an  aqueous 
solution  of  sodium  carbonate,  lost  hydrogen  iodide  and  carbon  dioxide, 
affording  a  hydrocarbon  which,  when  passed  into  bromine,  gave  rise  to 
a  dibromide  ;  the  latter,  on  treatment  with  potassium  bydroxide,  was 

pTT  .rj.TT 
converted  into   wobromo^^seMcZobutylene,       ti^  M  ri-o-         Angelic  acid, 

Br'G'GJdg. 

by  the  same  séries  of  reactions,  was  finally  transfoimed  into  bromo- 

riTT  .r^  TT 

^sewcZobutylene   proper,        ^  m'      .      Thèse    results    are    exactly    in 
Gïïg'C'Br 

accordance  with   the  gênerai  conclusions  which  Wislicenus    had   pie- 

viously  drawn,  and  the  changes  may  be  followed  in  a  graphie  manner 

in  the  case  of  tiglic  acid  : — 

I  I 

•H 


CH3C-H 

CH3-Ç-H 

CH3-Ç-H  .  ^ 

-^   ch3-6.h(^) 

CO^H-C-CHs 

H 

COoH 

Tiglic  acid.  Tiglic  acid  hydriodide. 

Wislicenus,  Talbot,  and  Henze,  Anncden,  1900,  313,  228—242. 
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Br 

CH3 

CH3-C-H 
CHg-C-H        ^ 

CH3-Ç-H 
CHg-C-H 
Br 

H-Ô-Br 
'^     CHg-C-H 
Br 

— >■ 

CHg-C-H 
Br-C-CHg- 

2}seudoB\ity]e-ne. 

pseudo'Buty 

ene  dibrouiide  (meso). 

isoBromopseudo 
butylène. 

Fittig  and  Pagenstecher  had  actually  observed  that  angelic  acid 
when  brominated  yielded  tiglic  acid  dibromide  as  main  product  ;  the 
différence  between  thèse  results  and  those  of  Wislicenus  and  Piickert 
proved  to  be  due  to  the  fact  that  unless  a  low  température  be  main- 
tained  during  the  addition  of  bromine,  and  strong  light  carefully 
excluded,  isomeric  change  of  the  angelic  to  tiglic  dibromide  may  occur. 
Wislicenus  was  not  disposed  to  assume  an  undue  amount  of  crédit 
for  his  discovery  of  the  true  dibromide  of  angelic  acid  which  Fittig 
and  Pagenstecher  had  overlooked,  but  drew  attention  to  the  circvim- 
stance  that  the  draught  cupboards  in  Fitlig's  laboratory  at  Strassburg 
were  placed  in  the  Windows,  and  thus  received  a  strong  light,  whilst  in 
his  own  laboratory  at  Leipzig  they  lay  between  the  Windows,  other- 
wise,  as  he  remarked,  angelic  acid  dibromide  might  hâve  remained 
unknown.i 

Later,  with  Schmidt,  Wislicenvis  prepared  pseudohutylene  by  the 
method  employ^ed  by  Le  Bel  and  Greene,  namely,  by  the  dehydration 
of  tsobutyl  alcohol.  It  was  found  ^  that  a  mixture  of  the  centro- 
symmetrical  and  planosymmetrical  hydrocarbons  was  formed,  and  the 
mixture  of  dibromides  made  by  passing  the  mixtvire  of  hydrocarbons 
into  bromine  was  separated  into  two  portions  by  fractional  dis- 
tillation. The  higher  boiling  portion,  on  treatment  with  potassium 
hydroxide,    jielded    the    bromo-derivative    of    the    planosymmetrical 

pseudohutylene,         '^  11       ,    in    larger   quantity    than   did    the    lower 
CMg'C'Br 

boiling  fraction,  but  the  main  product  from  both  was  the  bromo-derivative 

C'TT  'C'TT 

of  the  centrosymmetrical  hydrocarbon,      ^  N  ,  which  in  présence 

Br'C'Cïïg 

of  hydrogen  bromide  or  on  exposure  to  sunlight  was  found  to  undergo 

a  slow  conversion  into  its  stereoisomeride.     Of  the  two  hroniopseudo- 

butylènes,  the  one   assigned    the  formula        ^  M  gave    crotonyl- 

CJdg'C'Br 

ene    the    more    readily  when    heated    with    potassium    hydroxide,   an 

observation   quite    in    accordance    with  the   relative   position   of    the 

hydrogen  and  bromine  atoms  in  the  formulée  assigned. 

Henze  assisted  in  adducing  new  évidence  in  support  of  Wislicenus's 

1  Annalen,  1893,  272,  98.  ••'  Ibid.,  1900,  313,  210—228. 
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view.i  The  dibromide  of  angelic  acid,  as  was  anticipated,  yielded 
/3-broinotiglic  acid  under  the  influence  of  strong  potassium  hydroxide, 
whilst  the  dibromide  of  tiglic  acid  was  converted  into  ^-bromoangelic 
acid, 

Br  H 

CHg-C-H  _        CHg-Ç-H  _  Br-Ç-CHg 

CHg-C-COoH        ^     CHg-C-CO.H  ^''''        ^     CHg-C-CO.H^'^       '^ 
Br  Br 


Angelic  acid.  Angelic  acid  dibromide. 

Br-C-CHg 
"^     CH./C-CO..H  ■ 


)3-Bromotiglie  acid. 

Br  H 

I  ^     (r\      — >  ^  (r)      — >- 

CH/C-COoH  ^'  CH3-C-C0.,H  ^  >       ^ 

Br  Br 


Tiglic  acid.  Tiglic  acid  dibromide. 

CHg-C-Br 
^     CH3-C-C0.,H  ' 

)3-Bromoangelic  acid. 

Of  thèse  /S  bromo-unsaturated  acids,  the  latter  was  the  more  easily 
converted  into  crotonylene  by  means  of  sodium  carbonate  solution,  an 
observation  which  again  is  in  harmony  with  the  conclusions  previously 
formed,  as  this  isomeride  is  the  one  to  which  was  assigned  the  formula 
having  the  bromine  atom  and  the  carboxyl  group  in  the  position 
most  favourable  to  the  occurrence  of  this  change. 

Stilbene  gave  Wislicenus  and  Seeler  two  dibi^omides,  the  main 
product  being  the  a-derivative,  which  was  considered  to  be  the  normal 
product,  although,  unlike  the  great  majority  of  such  normal  addition 
products,  it  was  found  to  be  produced  in  larger  proportion  at  a  high 
température  and  in  présence  of  intense  light.-  Either  dibromide,  when 
heated,  underwent  a  partial  conversion  into  the  other  ;  both  yielded 
monobromostilbenes  on  treatment  with  alkalis,  the  a-compound  alïord- 
ing  an  oily  bromostilbene,  the  latter  a  crystalline  one,  and  of  thèse  the 
crystalline  compound  was  the  more  easily  converted  into  tolane  when 
boiled  with  alcoholic  potassium  hydroxide,   showing  that  it  lias   the 

ç\  TT  .Q.TT 

structure      ^    »  1 1       _     Thèse  observations  led  to  the  following  view 
C,H,-C-Br 

of  the  changes  studied  : — 

1  Annalen,  1900,  313,  243—250.  -  £er.,  1895,  28,  2693-2703. 
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Stilbene. 


C,H,-CH 

wc^Stilbene  (?) 


Br 

CgHs-C-H 
Br 


Br 


C,ïï,-Ç-H 


Br-C-C.Hs    "^      Br-C-CVH^ 
H 


a-Stilbene  dibromide 
(intenially  compeiisated). 


Oily  dibromo- 
.stilbene. 


Br 
Br 


Br 

C,H,-C-Br"^ 
H 


4- 


Tolan( 


^ 


;3-Stilbeiie  dibromide 
(exteriially  compensated). 


— ^    ^    ^  i  I 
C^jïï.-C-Br 


Crystalline 
bromostilbene. 


Although  at  the  time  no  direct  évidence  as  to  the  existence  of  iso- 
nieric  stilbenes  could  be  adduced,  Wislicenus  with  Jahrmarkt  after- 
wards  succeeded  in  obtaining  centrosymmetrical  îsostilbene  ^  by 
reducing  the  oily  bromostilbene  from  a-stilbenedibromide. 


Br-C-CgH^ 

Oily  bromostilbene. 


G6H5-C-H 

îsoStilbene. 


This  bydrocarbon,  unlike  stilbene  itself,  is  a  liquid  which  yields 
ordinary  stilbene  when  di&tilled  under  atmospheric  pi-essure,  or  v^ihen 
left  with  traces  of  bromine  or  iodine  ;  when  dissolved  in  carbon  disul- 
phide  and  mixed  with  bromine  in  absence  of  light  it  gives  ^-stilbene 
dibromide  to  the  extent  of  83  per  cent,  of  that  theoretically  possible. 

The  investigation  of  stereoisomerism  in  cyclic  compounds  led 
Wislicenus,  with  Peters,  Schramm  and  Mohr,  to  a  study  of  the  iso- 
meric  forms  of  ^/S'-dibromohexane.^  On  heating  this  dibromo-com- 
povind  with  ethyl  disodiomalonate,  an  oil  having  the  composition  of 
a  diethyl  dimethylcycfopentanedicarboxylate  was  formed,  and  this,  on 
hydrolysis,  alïorded  a  mixture  of  ester-acids,  dicarboxylic  acids,  and 
monocarboxylic  acids,  each  of  which  was  shown  to  be  related  to  one 
or  other  of  the  two  dimethylcyc^opentanedicarboxylic  acids. 


ÇH, 


H.6. 


CH3 
COoH-C-CO,] 

CH.,— 


(m) 


and 


ÇH, 

H-C-CHg 
CO,H-C-COoH 
CHg-C-H  " 
CH. 


(r). 


Ber.  K.  Sachs.   JFiss.  Math.  Phys.  CA.,1900,  52,  117—123. 
Bcr.,  1901,  34,  2565—2583. 
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The  constitution  of  tbe  two  acids  was  ascertained  by  heating  them 
so  as  to  cause  the  loss  of  one  molecular  proportion  of  carbon  dioxidc, 
and  in  thèse  circamstances  one  of  them  gave  rise  to  two  stereo- 
isomeric  monocarboxylic  acids,  and  the  other  to  one  monocai-boxylic 
acid  only.  The  former  must  hâve  been  produced  from  the  cis-cis 
derivative  and  the  latter  from  the  cis-trans-one. 

The  formulîe  of  the  isomerides  from  the  cis-c<s-dicarboxylic  acid  are 


ÇK, 

H-C-CHg 

H-C-CO^H 

H-C.CH3 

CH., 


(;») 


and 


H-C-CHg 

COoH-C-H  ' 

H-C-CHg 

CH.— 


M, 


and  represent  internally  compensated  inactive  compouuds.  Those  of 
the  possible  products  arising  from  the  c/s-i?-o?i.s-dicarboxylic  acid,  in 
the  same  manner,  are 


Çïï, — 

H-Ç-CHg 

H-C-CO,H 

CH,-C-H  ^ 
^  I 
CH. 


(r) 


and 


CH,— 
H-C-CHg 
CO,H-C-H 
CHg-C-H 
CH.— 


(r), 


but  thèse  are  in    reality    identical,  and    represent    one    of    the    two 
enantiomorphous  forms  of  an  inactive  mixture. 

The  ^/3'-dibromohexane  employed  was  separated  by  freezing  into 
two  parts,  one  solid  and  the  other  a  liquid  ;  the  former  of  thèse, 
when  condensed  with  ethyl  disodiomalonate,  afforded  ethyl  cis  cis- 
dimethylcï/c^opentanedicarboxylate,  and  was,  therefore,  the  meso- 
compound 

CH, 
H-C-Br 

ÇH, 
H-C-Br 
CH, 


the  liquid  isomeride,  on  the  other  hand,  gave  rise  to  the  cis-trans- 
dicarboxylic  derivative,  and  was,  therefore,  an  inactive  mixtuce  of  the 
il-  and  ^compounds. 

It  is  perhaps  hardly  necessary  to  say  that  the  foregoing  sketch 
deals  only  with  a  part  of  the  scientific  work  which  was  carried  out  by 
Wislicenus  himself  or  by  his  pupils  under  his  direction.  No 
mention  bas  been  raade  of  his  récent  contributions  to  the  study  of 
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the  reactions  of  dichloroetber,^  lus  investigations  on  the  interaction 
of  chloral  witli  ketones,^  on  adipinketone,^  of  his  discovery  of  the 
true  vinylacetic  acid,*  or  of  his  nuinerous  researches  on  the  stereo- 
isomerism  of  the  cyclic  pinacones  obtained  by  the  réduction  of 
diketones.^  To  each  of  thèse  much  interest  attaches,  but  considéra- 
tions of  space  bave  led  me  to  sélect  from  his  more  récent  work  that 
part  which  appears  to  bave  the  most  importance  in  connection  with 
the  growtb  of  the  science  of  stereochemistry,  with  which  bis  name 
is  indissolubly  connected. 

During  the  last  few  years  of  his  life,  Wislicenus  became  more  and 
more  the  victim  of  severe  attacks  of  ill-healtb,  against  which  he 
fought  with  ail  bis  fine  energy  and  détermination,  working  steadily 
almost  to  the  last.  In  the  snmmer  of  1902,  he  found  bis  most  strenuoi;s 
efforts  at  résistance  unavailing,  and  at  last  took  refuge  in  complète 
rest  at  healtb  resorts.  His  condition  in  the  autumn  gave  his  friends 
cause  for  the  gravest  anxiety,  and  early  in  the  morning  of  December 
5tb,  1902,  he  passed  away. 

Two  days  later,  a  mournf  ul  but  impressive  ceremony  was  seen  in  the 
lecture-room  attached  to  the  Leipzig  Chemical  Laboratory  ;  Beckmann, 
Ostwald,  His,  Liity,  Hantzsch,  Medicus,  and  Bûcher,  coUeagues  of 
Wislicenus,  representing  their  respective  departments  and  faculties, 
expressed  ia  moving  terms  their  apjjreciation  of  the  exalted  and  many- 
sided  character  of  their  departed  friend. 

The  concluding  words  which  fell  from  Ostwald  were  thèse  : — "  Und 
wenn  wir  betrachtend  vor  ibnen  stehen,  so  fiihlen  wir  es  lebendig  ; 
du  warst  nicht  nur  ein  grosser  Foi'scber,  du  warst  auch  ein  guter 
Mensch  !  "  and  tbis  is  the  note  which  persistently  rings  in  the 
memory  of  ail  wbo  hâve  tried  to  understand  the  man. 

There  can  be  no  doubt  that  in  Wislicenus  the  world  lost  a  man, 
not  only  of  great  and  many-sided  ability,  but  also  of  extraordinary 
directness  of  purpose  and  splendid  character. 

1  Annalcn,  1884,  226,  261—281  ;  1888,  243,  151—192. 

2  Ber.,  1893,  26,  908—915. 

3  Annalen,  1893,  275,  312-382. 

4  Bcr.,  1899,  32,  2047—20-18. 

s  Annalen,  1898,  302,  191—244. 
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March  29th,  1905. 

Professor  W.  A.  Tilden,  D.Sc,  F.R.S.,  in  the  Chair. 

TiiE  Président  declareil  the  ballot  open  for  the  élection  of  Officers 
and  Council  for  the  ensuing  year,  Dr.  A.  E.  H.  Tutton  and  Mr.  A.  G. 
Bloxam  being  appointed  Scrutators.  He  then  presented  the  following 
Eeport  on  the  state  of  the  Society  during  the  past  twelve  months  : 


Report  of  the  Council. 

The  Council  are  glad  to  be  in  the  position  to  report  that  the  Society 
continues  to  flourish,  and  that,  as  measured  by  the  number  of  papers 
read,  its  activity  has  exceeded  that  of  any  previous  year. 

On  December  31st,  1903,  the  number  of  Pellows  was  2,700. 
During  1904,  128  Fellows  were  elected,  and  5  reinstated,  making  a 
gross  total  of  2,833.  The  Society  has  lost  28  Fellows  by  death  ;  37 
bave  resigned  ;  the  élections  of  4  hâve  become  void  ;  52  hâve  been 
removed  for  non-payment  of  subscriptions,  and  1  Fellow  has  with- 
drawn.  The  total  number  of  Fellows,  therefore,  on  December  31st, 
1904,  was  2,711. 


The  names  of  the  Fellows  who  hâve  died 


A.  H.  Allen. 
F.  E.  Allhusen. 
J.  Barclay, 
Sir  I.  L.  Bell. 
F,  B.  Benger. 
C.  Beringer, 
H.  N.  Bilimoria. 
W.  Chattaway. 
P.  L.  Dey. 
T.  H.  Dodd. 


W.  H.  Dodd. 
Pv.  E.  Doran. 
W.  Francis. 
A.  Gibson. 
C.  G.  Grenfell. 
H.  Grimshaw. 
G.  Howsam. 
T.  Isherwood. 
J.  Jackson. 
A.  Kitchin. 


J.  Mason. 
D.  Munro. 
T.  A.  Pooley. 
H.  St.  John. 
C.  J.  Sawer, 
W.  H.  Stanger. 
R.  M.  W.  Swan. 
A.  W.  Williamson. 


o  o  2 
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Tlie  following  Fellows  hâve  resigned 


G.  Ansdull. 
J.  F.  Ballard. 
J.  Bardsley. 
H.  H.  Barker. 
G.  E.  Battle. 
J.  Baynes. 
J.  Bottomley. 
G.  W.  Buinian. 
W.  F.  Butcher. 
J.  Caley. 
H.  M.  Chapman. 
T.  A.  Dickson. 
E.  Dowzard. 


J.  Edmund.s. 
T.  A.  Ellwood. 

F.  A.  Gatty. 
H.  Gordon. 

G.  M.  Gregory. 
H.  E.  Haddon. 
W.  Hampton. 
E.  C.  Ibbotson. 
A.  W.  D.  Leahy. 
A.  E.  McKenzie. 
T.  R.  Marshall. 
AV.  Marshall. 

C.  A.  Mitchell. 


C.  S.  Purcell. 
A.  Sandford. 
W.  Sessions. 
M.  J.  Sheridan. 
W.  Taverner. 
G.  Trench. 
H.  F.  Waller. 
A.  W.  Warrington. 

A.  L.  White. 

H.  F.  A.  Wigley. 

B.  Winstone. 


Among  the  Fellows  removed  by  death,  the  Society  mourns  ihe  loss 
of  Prof.  Alexander  W.  Williamson,  who  twice  filled  the  office  of 
Président,  and  to  whose  initiative  the  publication  of  the  Ahstracfs  was 
largely  due. 

The  number  of  Honorary  and  Foreign  Members  at  the  date  of  the 
last  Annual-  General  Meeting  was  30.  Six  names  were  added  to  the 
list  by  the  élection  on  May  18th,  1904,  of  Prof.  A.  H.  Becquerel, 
Prof.  C.  A.  Lobry  de  Bruyn,  Prof.  F.  W.  Clarke,  Madame  M.  Curie, 
Prof.  C.  Liebermann,  and  Prof.  E,  W.  Morley.  The  Society  has  to 
lament  the  death  of  one  of  the  newly  elected  Members,  Prof.  C.  A. 
Lobry  de  Bruyn,  on  July  23rd,  1904.  The  number  of  Honorary  and 
Foreign  Members,  therefore,  is  35. 

Duriug  theyear  1904,  215  scientific  communications  hâve  been  made 
to  the  Society,  188  of  which  hâve  alreâdy  been  published  in  the  Trans- 
actions, and  abstracts  of  ail  hâve  appeared  in  the  Proceedings. 

The  volume  of  Transactions  for  1904  contains  175  memoirs,  occupy- 
ing  1,761  pages,  whilst  that  for  the  preceding  year  contains  142 
memoirs,  which  occupy  1,490  pages. 

The  Journal  ioY  1904  contains  also  4,617  abstracts  of  papers  pub- 
lished mainly  in  foreign  journals,  which  extend  to  1,920  pages,  whilst 
the  abstracts  for  1903  numbered  3,882  and  occupied  1,640  pages. 

The  abstracts  for  1904  may  be  classified  as  follows  : 
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Part  I. 

No.  of 
Pages.       Abstracts. 
Organic  Chemistry     1,072         1,968 

Part  II. 

General  and  Physical  Chemistry 606 

Inorganic  Chemistry 541 

Mineralogical  Chemistry  132 

Physiological  Chemistry   501 

Chemistry   of    Vegetable   Physiology   aud 

Agriculture     311 

Analytical  Chemistry    558 

SIS         2,649 

Total  in  Parts  I.  and  II 1,920       4,617 

Owing  to  the  great  increase  in  the  number  of  papers  abstracted,  it 
lias  become  necessary  to  add  to  the  editorial  staff.  Dr.  C.  H.  Desch 
has  been  appointed  Assistant  Sub-editor,  with  the  object  of  taking 
part  in  the  préparation  of  abstracts  for  the  press,  and  of  relieving 
Mr.  Greenaway  of  a  portion  of  the  clérical  work. 

Although  an  award  of  the  Faraday  Medal  was  made  in  1895,  fiftcen 
years  hâve  elapsed  since  the  delivery  of  the  last  Faraday  Lecture. 
On  April  19th,  1904,  the  Lecture  was  delivered  by  Professer  Ostwald, 
in  the  lecture  théâtre  of  the  Ptoyal  Institution,  the  use  of  which  had 
been  kindly  granted  by  the  Managers  for  the  occasion.  The  subject 
of  the  Lecture  was  "  Eléments  and  Compounds." 

The  Wislicenus  Mémorial  Lecture  was  delivered  by  Prof.  W.  H, 
Perkin  on  January  25th  of  the  présent  year. 

On  the  occasion  of  the  célébration  of  the  Jubilee  of  the  Doctorate  of 
Sir  Henry  E.  Ptoscoe,  a  Past  Président  of  the  Society,  on  April  22nd, 
1904,  the  Council  welcomed  the  opportunity  of  sending  an  address  of 
congratulation  to  him. 

Proposais  hâve  been  received  from  the  Chemical,  Metallurgical,  and 
Mining  Society  of  South  Africa,  and  from  the  American  Chemical 
Society,  for  a  reciprocal  exchange  of  Journals  for  members  of  each  of 
thèse  Societies  and  of  the  Chemical  Society  at  a  rate  just  sufiîcient  to 
cover  the  cost  of  printing,  addressing,  and  postage.  After  careful 
considération,  the  Council  were  unable  to  accède  to  the  proposais,  as 
the  cffect  on  the  finances  of   the  Society  could  not  be  estimated,  and  a 
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lirait  could  not  be  set  to  the  number  of  Societies  which  might  seek  the 
benefit  of  a  similar  exchange  of  Joiirnals. 

The  question  of  co-operation  in  the  préparation  of  Abstracts  in 
English  has  been  raised  afresh  by  the  American  Chemical  Society  by 
the  appointment  of  a  committee  to  confer  with  the  Chemical  Society 
on  this  important  subject.  The  Council  hâve  reappointed  the  Com- 
mittee which  discussed  the  possibility  of  co-opei-ation  in  1899,  and 
await  the  proposais  of  the  American  Committee  with  every  désire  to 
consider  their  practicability. 

Acting  on  the  suggestion  made  in  the  Presidential  address  at  the 
last  Annual  General  Meeting,  the  Council  hâve  arranged  for  the 
préparation  and  publication  of  a  séries  of  Reports  on  the  advance 
made  each  year  in  chemistry.  Thèse  reports  will  be  issued  early 
in  each  year,  and  it  i.s  hoped  that  they  will  prove  to  be  of  value 
not  only  to  the  Fellows,  but  to  students  of  chemistry  generally. 

Obituary  notices  of  several  deceased  Past  Présidents  hâve  not  as 
yet  been  published.  Thèse  notices  bave  now  been  received  and 
are  in  type.  Among  them  is  included  an  obituary  notice  of  Sir 
Edward  Frankland,  as  the  Council  hâve  been  unable  to  obtain  the 
manuscript  of  the  Mémorial  Lecture,  delivered  on  October  31st,  1901. 

A  further  increase  in  the  use  of  the  Library  has  to  be  re- 
corded,  1,057  books  being  borrowed  during  1904,  as  against  991 
during  the  previous  year,  The  additions  to  the  Library  comprise 
119  books,  of  which  67  were  presented,  296  volumes  of  periodicals, 
and  52  pamphlets,  as  against  126  books,  271  volumes  of  periodicals, 
and  43  pamphlets  last  year.  An  altération  in  the  wording  of  Library 
Rule  IV.  has  been  made  to  enable  new  books  to  be  borrowed  at  an 
earlier  date  than  formerly. 

The  Society  has  been  the  fortunate  récipient  of  the  eudiometer 
vised  by  the  late  Sir  Edward  Frankland  in  the  analysis  of  ethyl  in 
1849,  presented  by  Prof  essor  Frankland;  of  a  bronze  medal  of  Roger 
BacoD,  presented  by  Mr.  Oscar  Guttmann;  and  of  an  engraving  of 
Berzelius,  presented  by  Professor  Retzius,  of  Stockholm. 

A  spécial  Committee  was  appointed  last  June  to  revise  the  Bye- 
laws,  and  reported  in  due  coui'se  to  the  Council.  The  revised  Bye- 
laws  were  submitted  by  the  Council  to  the  Society  for  considération  at 
an  Extraordinary  General  Meeting  on  February  8th,  but  failed  to 
secure  acceptance,  being  referred  back  for  further  considération. 

A  mémorial,  bearing  the  signatures  of  nineteen  women  engaged 
in  chemical  work,  praying  for  the  admission  of  women  to  the 
Fellowship  of  the  Society,  has  been  under  considération.  The 
Council  were  advised  that  "  married  women  are  not  eligible  for 
élection  as  Fellows  of  the   Society  ;    that   it   is  extremely  doubtful 
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whether  the  Charter  admits  of  the  élection  of  unmarried  women  as 
Fellows  ;  that  it  would  not  be  wise  to  elect  even  unmarried  women 
without  first  applying  for  a  supplemental  Charter  ;  and  that  the 
élection  of  women  as  Associates  wonld  be  légal  after  a  modification  of 
the  Bye-laws  expressly  authorising  their  élection."  An  altération  in 
Bye-law  HT.  extending  the  privilèges  of  the  Associateship  to  women 
accordingly  formed  one  of  the  changes  in  the  Bye-laws  recently 
proposed  by  the  Council. 

The  third  Eeport  of  the  Joint  International  Committee  on  Atomic 
Weights,  with  its  revised  table  of  atoinic  weights,  lias  been  issvied  to 
the  Fellows  in  the  Proceedings. 

Grants  amounting  in  ail  to  £215  hâve  been  made  during  the  year 
from  the  Research  Fund,  and  £26  l'os.  Qd.  has  been  returned.  Of  the 
[tapers  published  in  the  Transactions  during  1904,  thirty-two  were  con- 
tributed  by  authors  to  whom  grants  had  been  made  from  the  Research 
Fund. 

The  total  income  of  the  Society  for  the  year  1904  was  £6,700  5s.  8d. 
and  the  expenditure  £5,982  145.  6(7.  ;  in  1903,  thèse  were  £6,817  19^.  7d. 
and  £5,926  18s.  3d.  respectively,  so  that  whilst  the  income  has  fallen 
by£117  13.S.  llc^.,  the  expenditure  has  risen  by  £55  16s.  3d.  A 
glance  at  the  balance  sheet  for  1903,  however,  shows  receipts 
amounting  to  £257  which  cannot  be  regarded  truly  as  income  from 
normal  sources;  in  1904  only  £5  was  so  received.  Allowing  for  thèse 
items,  the  income  for  1904  shows  an  increase  over  that  of  1903  of 
£134  6s.  Id. 

The  Treasurer's  chief  anxiety  is  due  to  the  ever-increasing  size  of  the 
Journal  and  the  corresponding  increase  in  cost.  Both  exceed  those  of 
1903,  the  size  by  about  17  per  cent,  and  the  cost  by  about  10  per  cent., 
the  excess  due  to  printing  alone  in  1904  amounting  to  £280  12s.  Id., 
whilst  the  total  increase  in  cost  reaches  the  large  sum  of  £365  6s.  lie/. 
Part  of  this  is  due  to  the  fact  that  the  January  number  for  1904  con- 
tained  a  double  set  of  Abstracts,  thus  leading  to  an  increase  both  in 
Abstractors'  fées  and  in  printing,  thèse  two  items  really  representing 
thirteen  months  instead  of  twelve.  As  pointed  out  by  the  Président  on 
resigning  the  Treasurership  two  years  ago,  the  steady  increase  in  the 
size  and  cost  of  the  Journal  seems  to  render  it  inévitable  "  that,  in  the 
"  near  future,  some  more  stringent  régulations  both  as  to  the  state  of 
"the  manuscript  and  the  dimensions  of  the  papers  will  hâve  to  be 
"imposed"  if  the  Society  is  to  carry  on  its  work  of  publication  efficiently. 
In  addition  to  the  cost  of  the  Journal,  there  is  in  the  présent  accounts  a 
sum  of  £237  6s.  M.  for  the  printing  of  Vol.  lY ,  Part  1  (Authors)  of  the 
Collective  Index  (1893—1902).  On  the  other  hand,  there  has  been  a 
saving  of  £42  14s.  5d.  in  the   cost  of  the  Proceedings.     The  Library 
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lias  cost  less  by  tlie  sum  of  £150  13s.  3d.,  and  the  gênerai  admini- 
strative expansés,  which  in  1903  were  abnormally  high,  owing  to 
spécial  circumstances,  hâve  fallen  from  £1,138  5s.  5d.  to  £893  Is.  Od., 
a  saving  of  £245  is.  5d.,  notvvithstanding  the  cost  of  introducing 
house  téléphones  and  also  Connecting  the  Society  with  the  Post  Office 
System. 

The  Treasurer  reports  that  the  new  system  of  keeping  the  Society's 
accoiints  has  been  in  full  working  order  for  two  years  and  has  been 
found  most  satisfactory  in  every  way, 

The  Council  désire  to  place  on  record  their  appréciation  of  the 
valuable  services  rendered  to  the  Society  by  Professer  Wynne,  and 
an  expression  of  their  regret  that  his  removal  from  London  obliges 
lîim  to  relinquish  the  office  of  Senior  Secretary.  By  placing  him 
among  the  Yice-Presidents,  it  is  hoped  that  the  Society  may  continue 
to  reçoive  the  advantage  of  his  experienced  co-operation  in  the  work 
of  the  Council. 

The  Treasurer  made  a  statement  as  to  the  Society's  income  and 
expenditure  during  the  past  Session,  and  proposei  a  vote  of  thanks  to 
the  Auditors,  which  was  seconded  by  Dr.  L.  T.  Thorne,  carried 
unanimously,  and  acknowledged  by  Mr.  E.  Grant  Hooper. 
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INCOME   AND   EXPENDITURE   ACCOUNT 


Income. 

To  Life  Compositions 

,,  Admission  Fées       

„  Annual  Subscriptions    

„  Cash  on  account  of  Subscriptions  and  Focs  of  past  years,  per  Mr.  E. 
Steele 

,,  Investments  : — 

Dividends  on  £(i,730  Metropolitan  Consolidated  3J  per  cent.  Stock  ... 
£l,OrjO  London  and  North  Western  Railway  3  per  cent. 

Debcnture  Stock 

£l,5'20  14s.  3(?.  Cardiff  Corporation  apercent.  Stock  ... 

£1,400  India  2J  per  cent.  Stock    

£2,358  Midland  Railway  2^  per  cent.  Préférence  Stock 
£2,400  Bristol  Corporation  2i  per  cent.  Debenture  Stock 

£1,200  Leeds  Corporation  8  per  cent.  Stock     

£1,500  Transvaal  3  por  cent.  Guarantecd  Stock    

Income  Tax  Recovcred  (two  years)      

Interest  on  Deposit  Account 

,,  Publications:^ 

Sales  : 

Journals    

Proceedings      

General  Index 

Mémorial  Lectures 

Library  Catalogue 

Atomic  Weight  Tables 

Jubilee  Volume       

ie«s  Publishers' Commission      
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Mr.  VV.  J.  Sell  luoved  the  adoption  of  the  Report  ;  tbis  was 
i-econded,  and  carried  unanimously. 

The  Président  then  delivered  liis  address,  wliicli  will  be  found  on 
page  546. 

Professer  Eaphael  Meldola  proposed  a  vote  of  thanks  to  the 
Président,  coupled  with  the  reqnest  that  he  would  allow  the  Addre.-s 
to  be  printed  in  the  Transactions.  Professor  G.  Carky  Poster 
seconded  the  motion,  which  was  cariied  by  acclamatiou,  and  acknow- 
h^dged  by  the  Président. 

Professor  H.  McLeod  proposed  a  vote  of  thanks  to  the  Treasurer, 
Secretaries,  Foreign  Secretary,  and  Council  for  their  services  during 
the  past  year.  This  was  seconded  by  Dr.  J.  A.  Voelcker,  and 
unanimously  adopted,     Professor  W.  P.  Wynne  responded. 

The  Scrutators  then  presented  the'r  Pveport  to  the  Président,  who 
declared  the  following  to  bave  been  duly  elected  as  Officers  and  Council 
for  the  ensuinj  year. 

Président  :  Raphaël  Meldola,  F.R.S. 

Vice- Présidents  who  hâve  filled  the  office  of  Président  :  H.  E.  Arm- 
strong,  Ph.D.,  LL.D.,  F.R.S.  ;  A.  Crum  Brown,  D.Sc,  LL.D.,  F.R.S.  ; 
Sir  William  Crookes,  D.Sc,  F.R.S.  ;  Sir  James  Dewar,  M.A.,  LL.D., 
F.R.S.  ;  A.  Vernon  Harcourt,  M.A.,  D.C.L.,  F.R.S.  ;  H.  Millier,  Ph.D., 
LL.D.,  F.R.S.  ;  W.  Odling,  M.A.,  M.B.,  F.R.S.  ;  W.  H.  Perkin,  Ph.D., 
LL.D.,  F.R.S.;  J.  Emerson  Reynold.«,  Sc.D.,  M.D.,  F.R.S.;  Sir 
Henry  E.  Roscoe,  LL.D.,  F.R.S.;  W.  J.  Russell,  Ph.D.,  F.R  S.  ; 
T.  E.  Thorpe,  C.B.,  LL.D.,  F.R.S.  ;  W.  A.  Tilden,  D.Sc,  F.R.S. 

Vice-Présidents  :  Horace  T.  Brown,  LL.D.,  F.R.S.  ;  Harold  B.  Dixon, 
M.A.,  F.R.S.  ;  Wyndham  R.  DuDstan,  M.A.,  LL.D.,  F.R.S.  ;  David 
Howard;  A.  Smithells,  B.Sc,  F.R.S.  ;  W.  P.  Wynne,  D.Sc,  F.Tx.S. 

Secretaries:  M.  0.  Forster,  D.Sc,  Ph.D.;  A.  W.  Crossley,  D.Sc, 
Ph.D. 

Foreign  Secretary  :  Sir  W.  Ramsay,  K.C. B.,  LL.D.,  F.R.S. 

Treasurer:  Alexxnder  Scott,  M. A.,  D.Sc,  F.R.S. 

Ordinary  Menibers  of  Council  :  Edward  C.  C.  Baly  ;  Augustus  E. 
Dixon,  M.D.  ;  J.  J.  Dobbie,  M.A.,  D.Sc,  F.R.S.  ;  Bernard  Dyer,  D.Sc  ; 
Alfred  D.  Hall,  M.A.  ;  A.  Lapworih,  D.Sc;  J.  E.  Marsh,  M.A.  ; 
E.  J.  Mills,  D.Sc,  F.R.S.;  G.  T.  Moody,  D.Sc;  W.  J.  Sell,  M. A., 
F.R.S.  ;  J.  M.  Thomson,  LL.D.,  F.R.S.  ;  J.  Wade,  D.Sc 

The  proceelings  then  teimina'.cd. 
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PEESIDENTIAL   ADDRESS. 
Delivered  at  tlie  Annual  General  Meeting,  March  29th,  1905. 

By  William  Augustus  Tilden,  D.Sc,  F.R.S. 

My  first  and  most  agreeable  duty  is  to  congratulate  the  Society  on  its 
continued  growth  and  activity. 

In  offering  my  sincère  thanks  to  my  colleagues  on  the  Council  for 
their  friondly  co-operation  in  the  administration  of  the  affairs  of  the 
Society,  I  cannot  refrain  from  expressing  my  regret  that  Professor 
Wynne  is  no  longer  able  to  retain  the  office  of  Senior  Secretary.  That 
regret  will,  I  believe,  be  shared  by  eveiy  Fellow,  but  more  especially 
by  those  who  hâve  taken  part  in  the  work  of  the  Council  and  the 
varions  Committees.  Dr.  Wynne's  dévotion  to  the  service  of  the 
Society,  his  care  of  détail  and  judicious  handling  of  many  difficult 
problems  hâve  been  conspicuous  throughoixt  his  tenure  of  office  and 
deserve  the  warmest  récognition.  As  a  Vice-Président,  he  will  still 
be  in  a  position  to  render  much  assistance,  and  we  may  hope  that  his 
distant  résidence  will  not  prevent  his  fréquent  présence  at  meetings  of 
the  Council. 

The  chief  events  of  the  past  year  hâve  been  briefly  referred  to  in 
the  Ptej)ort  of  the  Council.  One  event  not  referred  to,  because  not 
falling  within  the  range  of  the  opérations  of  the  Society,  must  afford 
gratification  to  ail  who  are  interested  in  the  position  and  progress  of 
science  in  England.  I  refer  to  the  award  of  the  Nobel  Prize  in 
chemistry  to  our  distinguished  Foreign  Secretary,  Sir  William  Pamsay. 
I  believe  the  Society  will  permit  me  to  olïer,  on  its  behalf,  an  ex- 
pression of  hearty  congratulations  on  this  occasion,  and  of  good 
Avishes  for  the  progress  of  the  remarkable  investigations  in  connection 
with  radioactive  substances  which  hâve  recently  been  associated  with 
his  name. 

Another  event,  to  which  I  refer  with  some  personal  satisfaction,  is 
the  issue  of  the  first  volume  of  Annual  Reports  on  the  Progress  of 
Chemistry.  The  thanks  of  the  Society  are  due  to  the  several  writers 
who  hâve  undertaken  the  heavy  task  of  sélection  and  compilation,  and 
who  hâve  displayed  great  skill  and  judgment  in  the  work  entrusted  to 
them.  I  believe  thèse  reports  will  be  found  intcresting,  instructive, 
and  of  great  practical  value  to  chemists  of  ail  classes. 
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The  delivery  of  a  Faraday  Lecture  by  Professer  Ostwakl  was  an 
occasion  of  much  interest,  but  the  circumstances  connected  with  it 
will  provide  a  subject  for  serions  considération  by  future  Councils- 
That  so  long  a  period  bas  elapsed  since  the  last  lecture  is  due,  not  to 
inactivity  on  the  part  of  the  Council,  but  to  the  difficulty  of  finding 
foreign  chemists,  of  the  eminent  scientifîc  rank  to  which  we  hâve  been 
accustomed  in  our  Faraday  Lecturers,  who  are  willing  or  able  to 
undertake  the  office.  There  are  two  directions  in  which  some  relief 
might  be  found  from  this  difficulty.  On  the  one  hand,  the  invitation 
to  lecture  might  be  extended,  as  indeed  it  bas  been  on  one  occasion,  to 
eminent  foreign  physicists,  and,  on  the  other  hand,  a  British  chemist 
might  from  time  to  time  be  asked  to  assist.  So  long  an  interval  as 
fifteen  years  ought  not  again  to  be  allowed  to  elapse,  and  although  it 
may  not  be  possible  to  sustain  the  récurrence  of  the  lecture  at  so 
short  a  period  as  three  years,  the  lecture  ought  to  be  given  vivâ  voce 
often  enough  to  be  of  some  practical  use  for  the  purpose  of  marking 
the  progress  of  science  as  well  as  keeping  green  the  memory  of 
Faraday. 

Other  Gvents  of  the  yeav  are  connected  with  questions  concerning 
which  there  is  room  for  wide  différences  of  opicion.  Taking  advantage 
of  the  privilège  usually  accorded  to  the  Président,  I  will  venture  to 
make  on  thèse  topics  a  few  remarks  which,  of  course,  represent  only 
my  Personal  view  of  thèse  matters. 

The  Council  has  received  two  memorials,  of  which  one  relates  to  the 
admission  of  women  to  the  Fellowship.  Whatever  views  each  of  us 
may  hold  as  to  its  desirability,  we  hâve  the  opinion  of  Counsel  learned 
in  the  law  that  the  terms  of  the  Charter  preclude  sucli  admission. 
Participation  in  the  government  of  the  Society,  or,  to  put  it  technicall}-, 
to  become  corporators,  appears  to  be  the  only  privilège  enjoyed 
by  Fellows  which  cannot  legally  be  extended  to  women.  They 
might  be  allowed  to  attend  the  scientific  meetings,  to  use 
the  Library,  to  receive  the  publications  of  the  Society,  and  to  in- 
troduce  friends  to  the  scientific  meetings,  but  they  could  not  vote  at  a 
gênerai  meeting  nor  become  members  of  the  Council.  It  has  been 
suggested  that  the  best  thing  to  do  would  be  to  test  the  validity  of 
this  légal  opinion  by  putting  up  the  name  of  a  lady  for  élection,  and,  if 
possible,  getting  her  elected  and  admitted  as  a  Fellow,  letting  those 
who  object  take  any  action  they  think  proper.  I  think,  however,  it 
would  be  difficult  to  find  a  lady  willing  to  be  the  corpus  vile  of  such  an 
experiment,  which,  whether  successful  or  not,  would  hardly  conduce  to 
harmony  in  the  Society.  The  number  of  women  desiring  admission  is 
but  small,  and  I  fail  to  see  any  cogent  reason,  beside  the  légal  one,  for 
excluding  them.     Some  of  them  are  doing  admirable  scientific  work,  and 
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ail  the  memorialists  are  higlily  qualified.  To  deprive  tliem  of  such  ad- 
vantages  as  attach  to  the  Fellowship  simply  on  the  ground  that  they 
are  not  men  seems  to  be  an  unreasoning  form  of  conservatism 
inconsistent  with  the  principles  of  a  Society  which  exista  for  the 
promotion  of  science.  If,  after  further  considération,  the  moderate 
proposai  of  the  Council  to  admit  women»  as  Associates  does  not  prove 
acceptable  to  the  Society,  the  best  course  will  be  to  take  steps  for 
obtaining  a  Supplemental  Charter.  In  any  case,  I  think  such  a  move 
must  be  made  before  long  in  order  to  get  rid  of  some  other  anomalies 
to  which  I  need  not  specifically  refer. 

Another  mémorial  presented  to  the  Council  set  forth  the  désire  of 
the  memorialists  to  return  to  the  use  of  the  word  "radical"  in  the 
publications  of  the  Society  in  place  of  the  word  "  radicle,"  which  has 
for  many  years  been  established  in  our  pages.  The  contention  that 
"radical"  was  the  original  spelling  must  be  admitted,  and  the  change 
to  "  radicle,"  which  appears  to  hâve  been  made  under  the  editorial 
influence  of  Mr.  Henry  Watts,  had  little  to  recommend  it  forty  years 
ago,-  except  grammatical  form.  But  since  that  time,  changes  of  theory 
in  respect  to  chemical  constitution  and  the  formulation  of  chemical 
compoLUids  hâve  imposed  a  change  on  the  connotation  of  this  word,  and 
that  which  is  now  understood,  even  by  those  who  continue  to  use  the 
"  radical"  form,  is  certainly  not  that  which  was  implied  in  the  System 
of  Lavoisier  and  De  Morveau  when  they  distinguished  between  the 
^'radical"  and  the  '' pi'incijye  acidifiant"  of  acids.  Nor,  save  in  rare 
cases,  is  the  meaning  that  which  was  understood  by  Liebig  and  Wohler. 
C^HgO  or  C0H3O2  may  be  the  "  radical,"  that  is,  the  fundamental  part 
of  acetic  acid,  but  when  the  formula  for  this  compound  is  dissected  in 
modem  fashion,  and  it  becomes  CHg'CO'OH,  the  "radical"  is  divided 
into  several  "  radicles,"  no  one  of  which  has  the  right  to  be  considered 
characteristic  and  fundamental.  This  becomes  still  more  obvions  if  we 
take  the  constitutional  formula  of  a  more  complex  compound  such  as 
glucose  or  uric  acid.  Happily  the  question  requires  very  little  debate  as 
the  word  has  for  some  time  been  growing  less  and  less  familiar,  until  it 
has  now  practically  disappeared.  In  its  place  we  meet  with  nucleus  or 
group  or  ion,  according  to  circumstances.  Hence,  I  think  the  Council 
was  right  in  deciding  to  make  no  change,  but  to  instruct  the  Editer  to 
avoid  the  use  of  the  word. 

With  regard  to  the  occasion  on  which  the  Bye-Laws  were  submitted 
by  the  Council  to  an  Extraordinary  General  Meeting,  I  désire  to  make 
only  one  i-emark.  It  seems  to  me  unfortunate  that  when  a  subject  so 
important  is  brought  up  for  the  judgmentof  a  body  numbering  upwards 
of  2,700  members,  the  appointed  meeting  should  be  attended  by  not 
more  than  forty-five.     The  conséquence  is  that  on  the  occasion  referred 


PRESIDENTIAL    ADDRESS.  549 

to  tvventy-three  Fellows  were  sufKcient  to  form  the  majority  which 
determined  the  fate  of  a  matter  which  had  been  prepared  with  délibéra- 
tion by  the  larger  numher  of  other  Fellows  who  form  the  Council. 

During  the  last  year,  the  question  of  the  sélection  of  the  standard 
for  atomic  weights  has  become  more  urgent.  The  Atomic  Weight 
Committee  of  the  German  Chemical  Society  (Landolt,  Ostwald, 
Wallach)  has  issued  a  circular  addressed  to  the  members  of  the  Great 
International  Committee  on  Atomic  Weights  in  which  they  urge  very 
forcibly  their  view  that  only  one  table  of  atomic  weights  should  be 
issued,  namely,  the  table  in  which  ail  are  referred  to  0=16  as  the 
basis.  The  International  Committee  (Clarke,  Moissan,  Seubert,  Thorpe) 
has,  however,  issued  two  lists  of  atomic  weights,  the  one  referred  to 
0  =  16,  the  other  to  11=1,  and  an  explanation  of  their  position  is 
given  _fully  in  their  annual  report,  which  has  been  printed  in  our 
Journal  (Proc,  1905,  21,  2).  The  argument  against  a  double  table  is 
based  chiefly  on  the  undesirability  of  a  double  standard  and  the 
confusion  which  is  apprehended  in  molecular  weights,  in  the  strength 
of  standard  solutions,  and  in  the  values  of  physical  constants 
in  which  atomic  weights  are  involved,  This  argument  would  be 
more  weighty  if  it  were  certain  'that  the  issue  of  a  single  table  by 
the  International  Committee  would  be  followed  by  uniformity  in  the 
atomic  weights  generally  vised.  The  values  which  receive  the  officiai 
sanction  represent  the  nearest  approach  to  accuracy  which,  in  the 
présent  state  of  knowledge,  is  possible,  but  even  vinder  0=16  as  the 
standard  the  great  majority  of  the  atomic  weights  contain  fractions. 
For  ail  ordinary  purposes,  the  chemist  will  continue  to  use  whole 
numbers,  and  thus  a  double  System  will  be  perpetuated,  the  one 
employed  for  purely  scientiûc  purposes,  the  other  for  everyday  work, 
and  there  can  never  be  assurance  that  the  values  given  in  the  table 
are  permanent.  Moreover,  although  the  values  in  the  oxygen  scale 
approach  in  many  cases  to  whole  numbers,  they  are  not  equally  near 
to  whole  numbers.  Thus,  there  can  be  little  doubt  that  everyone  will 
adopt  80  in  lieu  of  79"96  for  bromine,  but  in  the  case  of  aluminium 
some  chemists  will  use  27  and  some  27*1 .  Other  similar  questions 
arise.  Is  barium  to  be  137  or  137-5]  Is  chlorine  to  be  35-5?  Is 
calcium  to  be  40  and  magnésium  241 

The  establishment  of  a  gênerai  agreement  as  to  the  round  numbers 
to  be  chosen  for  common  use  and  the  publication  of  such  a  con- 
ventional  list  of  atomic  weights  would  do  more,  I  believe,  toward 
securing  uniformity  in  ail  really  practical  data  than  the  suppression  of 
the  table  of  atomic  weights  calculated  on  the  hydrogen  scale. 

For  my  part,  I  hope  the  International  Committee  will  not  deprive  us 
of  the  hydrogen  standard  ;  without  it  or  some  other  unit,  atomic  weight 
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cannot  be  defined,  and  for  some  theoretical  purposes  it  is  almost 
indispensable. 

Tiu-ning  now  to  a  différent  subject,  I  venture  once  again  to  make  an 
appeal  to  authors  o£  papers  in  regard  to  the  pi^eparation  of  their 
manuscript  and  the  condensation  of  the  matter  they  wish  to  com- 
municate.  In  addition  to  the  significant  facts  mentioned  by  the 
Treasurer,  I  may  point  ont  that  the  Transactions  for  the  past  year 
contain  1,761  pages,  not  including  the  index,  and  I  am  informed  that 
the  cost  of  this  part  of  our  work  has  been  £951,  in  addition  to  salaries 
and  office  expenses.  This  corresponds  to  ai^proximately  eleven 
shillings  a  page.  But  even  assuming  that  the  Society  had  unlimited 
funds  available  for  the  expenses  of  publication,  it  would  still  be 
vmdesirable  to  give  unlimited  license  to  writers  of  papers.  The  bulk  of 
scientific  literature  is  already  enormous,  and  long  papers  are,  as  a  rule, 
less  likely  to  be  read  than  those  of  moderato  length.  If,  in  compiling 
papers,  authors  would  bear  this  in  mind,  they  would  be  less  frequently 
content  to  send  in  undigested  extracts  from  note-books,  inordinately 
detailed  descriptions  of  familiar  or  insignificant  opérations,  répétitions  of 
the  same  statement  in  the  modem,  but  not  always  clearly  defined, 
division  into  theoretical  and  expérimental,  beside  other  forms  of 
prolixity.  I  am  vinable  to  suggest  any  gênerai  rule  which  could  be 
usef  ully  applied  in  such  cases,  and  although  the  action  of  the  Publication 
Committee  is  frequently  misunderstood,  we  must  trust  to  time  and 
common  sensé  to  surmount  thèse  difficulties. 

The  Reports  just  issued  by  the  Society  show  how  vast  is  the  field  of 
inquiry  occupied  by  chemists,  and  how  impossible  it  will  be  in  the 
future  for  any  Président  to  review,  in  the  fashion  of  former  days,  the 
progress  of  the  year.  In  place  of  any  such  attempt,  I  venture  to  offer 
a  summary  of  the  présent  state  of  knowledge  of  a  subject  to  which  I 
hâve  devoted  attention  for  some  years. 
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The   Relation   of  Spécifie   Heat   to  Atomic    Weiglit   in 
Eléments    and    Compounds. 

"  The  atoms  of  ail  the  éléments  hâve  exactly  the  same  capacity  foi' 
heat."  *  In  thèse  terms  the  important  généralisation  known  to 
every  student  of  cheniistry  as  the  "  Law  of  Dulong  and  Petit  "  was 
enunciated  in  1819.  An  examina tion  of  thirteen  of  the  solid  éléments 
by  the  method  of  cooling  gave  results  which  are  embodied  in  the 
following  table  : 


Bismuth 

Lead 

Gold 

Platinum 

Tin    

Silver    ... 

Zinc  

Tellurium 
Copper . . . , 
Nickel  .... 

Iran  

Cobalt  .... 
Sulphur    . 


Spécifie  beats. 


•0288 
■0293 
•0298 
■0314 
•0514 
•0557 
■0927 
•0912 
■0949 
■1035 
■1100 
•1498 
•1880 


nie  weiffhts 

Atomic  weight  x 

0  =  1). 

spécifie  beat. 

13-30 

0-3830 

12-95 

0-3794 

12-43 

0-3704 

11-16 

0-3740 

7  •35 

0-3779 

6^75 

0-3759 

4^03 

0-3736 

4^03 

0^3675 

3^957 

0-3755 

3-69 

0-3819 

3^392 

0-3731 

2-46 

0-3685 

2  011 

0-3780 

The  différence  between  the  lowest  and  the  highest  jn-oduct  of  the 
spécifie  heat  by  the  atomic  weight  in  this  table  is  only  about  4  per 
cent.,  which,  considering  the  uncertainty  of  many  of  the  atomic 
■weights,  and  the  undoubted  impurity  of  some  of  the  materials,  repre- 
sents  an  insignificant  déviation  from  a  constant  value,  and  seems 
to  justify  the  statement  of  the  authors.  Regnault,  who,  a  few  years 
later,  added  largely  to  the  existing  knowledge  of  spécifie  beats,  also 
accepted  the  statement  as  representing  a  physical  law,  and  on  this 
assumption  proposed  changes  in  certain  of  the  atomic  -weights  so  as  to 
bring  them  into  harmony  with  it.  Regnault's  experiments  were  made 
by  the  method  of  mixture,  and  were  conducted  chiefly  between  the 
température  of  the  air  and  that  of  boiling  water,  and  although  the 
increase  of  spécifie  heat  at  higher  temperatui-es  was  known  to  him,  and 
even  to  Dulong  and  Petit,  it  seems  to  bave  been  generally  assumed 
that  the  différence  was  insignificant. 

"  Les  atomes  de  tous  les  corps  simples  ont  exactement  la  même  capacité  pour 
la  chaleur."    Ann.  Chim.,  1819,  10,  405. 

p  p  2 


552  TILDEN  :   THE   RELATION    OF   SPECIFIC    HEAT   TO 

Kopp,  iu  his  well-known  memoir  {Phil.  Trans.,  1865,  155,  71), 
expressed  tlie  view  that  "  the  spécifie  beat  of  a  solid  body  varies  some- 
wbat  with  its  température,  but  tbe  variation  of  tbe  spécifie  beat  with 
tbe  température  is  very  small,  provided  the  latter  does  not  rise  so 
bigb  tbat  tbe  body  begins  to  soften.  Taking  tbe  numbers  obtained  by 
Regnault  for  lead,  by  Dulongand  Petit,  by  Bede  and  by  Bystrom  for  tbe 
spécifie  beats  of  several  metals  at  différent  températures,  the  conviction 
follows  that  the  changes  of  spécifie  beat,  if  not  of  themselves  incon- 
siderable,  are  yet  scarcely  to  be  regarded  in  comparison  with  the  dis- 
crepancies  in  the  numbers  which  différent  observers  bave  found  for 
the  spécifie  beat  of  the  same  body  at  the  same  température." 

Tbe  low  spécifie  beat  of  the  élément  earbon  had  attraeted  the  notice 
of  Regnault,  who  proposed  to  double  its  atomic  vveight  so  as  to  bring 
it  into  line  with  tbe  rest  of  the  éléments  whieh  conform  with  the  law 
of  Dulong  and  Petit.  By  Kopp,  earbon  and  the  allied  éléments, 
boron  and  silicon,  were  frankly  regarded  as  exceptions  to  the  law,  con- 
cerning  which  he  stated  deliberately  that  it  is  not  to  be  regarded  as 
universally  valid.  Kopp' s  conclusion  was  supported  by  the  results  of 
experiments  made  by  other  physicists,  and  it  was,  moreover,  established 
tbat  tbe  several  allotropie  modifications  of  earbon  bave  différent 
spécifie  beats. 

A  considération  of  the  results  of  ail  the  previous  researches  on  the 
spécifie  beats  of  earbon,  boron,  and  silicon  led  H.  F.  Weber,  in  1872 
{Phil.  Mag.,  4,  49,  161  and  276),  to  the  conclusion  tbat  the  spécifie 
beats  of  the  différent  modifications  of  thèse  three  éléments  inerease 
with  rise  of  température  more  quickly  than  those  of  any  other  known 
substance.  About  the  same  time,  experiments  by  Dewar  on  the  mean 
spécifie  beat  of  gas  earbon,  graphite,  and  diamond  between  20°  and  the 
boiling  point  of  zinc  (at  that  time  erroneously  taken  to  be  1040°)  and 
of  the  oxyhydrogen  blowpipe  flame  (estimated  at  2100°)  led  to  a 
similar  conclusion. 

The  following  tables  contain  the  results  of  Weber's  experiments  to- 
gether  with  a  few  estimations  of  the  spécifie  beat  of  earbon  made 
by  myself.  To  thèse  values  of  tbe  mean  spécifie  beat  bave  been  added 
the  product  obtained  by  multiplying  tbe  mean  spécifie  beat  by  the 
range  of  température  in  each  c^e.  This  product,  represented  by  Q, 
expresses  the  total  amount  of  beat  absorbed  by  the  substance  in 
passing  from  tbe  lower  to  the  higher  température,  and  is  convenient 
for  the  purpose  of  grapbical  représentation  and  comparison.  In  the 
curves  given  later  (pp.  558 — 563),  the  higher  absolute  températures 
above  0°  and  the  lower  absolute  températures  below  0°  are  used  as 
abscissae. 
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Absolute 

From  C°. 

ToC°. 

Mean  spécifie  heat. 

Q. 

température, 

Diamond. 

-182-5 

15 

0-0473 

(Tilden) 

9-3 

91 

-79 

7 

0 

0-0720 

(Weber) 

5-7 

193 

-21 

25 

0 

0-0953 

,, 

2  0 

252 

+  21 

4 

0 

0-1128 

,, 

2-4 

294 

45 

3 

0 

0-1228 

„ 

5-5 

318 

71 

2 

0 

0-1339 

,, 

9-5 

344 

99 

8 

0 

0-1461 

,, 

14-6 

373 

180 

2 

0 

0  1799 

,, 

32  3 

453 

232 

0 

0 

0-2006 

,, 

46-5 

505 

282 

0 

0 

0-2187 

jj 

61-6 

555 

322 

0 

15 

0-2289 

(Ti'lden) 

70-3 

595 

417 

0 

15 

0-2557 

j, 

102-8 

690 

528 

5 

22-3 

0-3016 

(Weber) 

155-0 

801 

702-0 

22-2 

0-3374 

" 

237-8 

975 

Graphite. 

-182-5 

15 

0-1027 

(Tilden) 

20-2 

91 

-79 

8 

0 

0-1219 

(Weber) 

9-7 

193 

-21 

4 

0 

0-1442 

3-0 

252 

+  21 

6 

0 

0-1605 

3-4 

294 

99 

0 

0 

0-1904 

18-8 

372 

178 

0 

0 

0-2187 

38-9 

451 

225 

3 

0 

0-2350 

52-8 

498 

273 

2 

0 

0-2508 

68-4 

546 

557 

2 

22 

0-3251 

177-3 

830 

742-6 

22-4 

0-3574 

260-7 

1015 

True  spécifie  beats  calculât ed  by  Webei'  from  tbe  foregoing  rneans 
are  contained  in  tbe  table  on  p.  554,  togetber  witb  tbe  true  atomic 
beats,  to  wbicb  référence  will  be  made  later  (p.  556). 

Weber,  tben,  proved  tbat  tbe  spécifie  beat  of  carbon  increases, 
at  first  very  rapidly,  witb  rise  of  température  until  a  point  is  reacbed 
at  wbicb  tbe  increase  is  very  slow.  Tbe  spécifie  beat  of  grapbite  is 
througbout  somewbat  greater  tban  tbat  of  diamond,  but  at  600°  and 
upwards  tbe  différence  between  tbem,  as  well  as  otber  forms  of  black 
carbon,  is  small,  and  tbe  spécifie  beat,  if  not  constant,  increases  very 
slowly  witb  furtber  rise  of  température. 

Tbat  tbe  température  exercises  only  an  insignificant  influence  on 
tbe  magnitude  of  tbe  spécifie  beats  of  tbe  éléments,  and  tbat  tbis 
influence  may  be  overlooked  witbout  introducing  any  serions  error  into 
tbe  détermination  of  tbe  spécifie  beat,  is  an  idea  wbicb  Weber  re- 
garded  as  no  longer  tenable.  Tbe  spécifie  beats  of  tbe  solid  éléments 
are  not  affected  to  tbe  same  extent  by  température,  but  Weber 
Ibelieved  tbat  for  every  élément  a  température  could  be  found  at  wbicb 
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the  variation  of  the  spécifie  lieat  with  changing  température  would  be 
unimportant. 

Another  case  in  which  the  influence  of  température  on  spécifie  beat 
bas  been  carefully  investigated  is  tbat  of  glucinum  (béryllium). 
Humpidge,  in   1885,  showed   {Proc.  Roy.   Soc,  39,   1)   tbat  tlie  true 


Température!, 

True  spécifie 
beat. 

Atomic  lieat. 

S.  H.  X  A.  W. 

C  =  12. 

Température, 
C°. 

True  spécifie 
beat. 

Atomic  beat. 

S.  H.  X  A.  W. 

0  =  12. 

Dimnond. 

Grajjhite. 

-50-5 

0-0635 

0-76 

-50-3 

0-1138 

1-36 

-10-6 

0-0955 

1-14 

-10-7 

0-1437 

1-72 

+  10-7 

0-1128 

1-35 

+  10-8 

0-1604 

1-92 

33-4 

0-1318 

1-58 

61-3 

0-1990 

2-38 

58-3 

0-1532 

1-83 

138-5 

0-2542 

305 

85-5 

0-1765 

2-11 

201-6 

0-2966 

3-55 

140-0 

0-2218 

2-66 

249-3 

0-3250 

3-90 

206-1 

0-2733 

3-27 

641-9 

0-4454 

5  34 

247-0 

0-3026 

3-63 

822  0 

0-4539 

5-44 

606-7 

0-4408 

5-28 

977-9 

0-4670 

5-60 

806-5 

0-4489 

5-38 

985-0 

0-4589 

5-50 

spécifie  beat  of  tbis  métal  increases  from  0-3756  at  0*^  to  0-6206  at 
500°,  and  tbat  at  tbe  latter  température  it  remains  practically 
constant. 

About  eigbt  years  ago  I  began  an  investigation  in  wbich  tbe  law 
of  Dulong  and  Petit  was  at  tbe  outset  assumed  to  be  valid.  On  com- 
paring  pure  cobalt  and  nickel  witb  eacb  otber  it  was  found  (Bakerian 
Lecture,  Phil.  Trans.,  1900,  194,  233)  tbat  tbe  spécifie  beats  of  both 
metals  increase  witb  rise  of  température,  tbat  of  nickel  increasing  tbe 
more  rapidly,  so  tbat  as  tbe  température  rises  tbe  atomic  beats  of 
tbe  two  metals  diverge  more  and  more  from  eacb  otber.  Later,  I 
determined  tbrougb  a  long  range  of  température  tbe  spécifie  beats  of 
aluminium,  silver,  and  platinum,  and  found  tbat  wbile  tbe  spécifie  beats 
of  silver  and  platinum  increase  but  sligbtly  witb  rise  of  température, 
tbat  of  aluminium  rises  very  rapidly  {Phil.  Trans.,  1903,  201,  37).  Tbe 
following  table  gives  tbe  true  spécifie  beats  of  tbe  metals  already 
mentioned  togetber  witb  the  spécifie  beats  of  tin  and  tellurium  for 
successive  températures  on  the  absolute  scale.  Tbe  values  given 
by  Violle  for  platinum  from  0°  to  1000°  and  1177°  {ComjJt.  rend., 
1877,  85,  543,  also  Phil.  Mag.,  [v],  4,  318)  are  used  in  tbe  calculation 
for  the  bigber  températures. 


ATOMIC   WEIGHT   ]N   ELEMENTS   AND   COMPOUNDS. 


555 


Tme   Spécifie   Heats. 


i  abs.  C°. 

Aluminium. 

Nickel. 

Silvcr. 

Platinura. 

Tin. 

Tellurium. 

100 

0-1226 

0-0575 

0-0467 

0-0275 

0-0462 

00462 

200 

0-1731 

0-0878 

0-0528 

0 

0293 

0-0504 

0-0471 

300 

0  -2053 

0-1054 

0-0558 

0 

0311 

0-0548 

0-0480 

400 

0-2254 

0-1168 

0-0572 

0 

0328 

0-0596  ? 

0-0489 

500 

0-2884 

0-1233 

0-0581 

0 

0344 

_ 

0-0498 

600 

0-2471 

01275 

0-0587 

0 

0358 



0-0507 

700 

0-2531 

0-1301 

0-0590 

0 

0372 



0-0516 

800 



0-1321 

_ 

0 

0385 

— 



900 

— 

0-1338 

— 

0 

0397 

— 

_ 

1000 

_ 

— 

— 

0 

0409 

— 

— 

1100 

— 

— 

— 

0 

0421 

— 

— 

1200 

— 

— 

— 

0 

0432 

— 

— 

1300 

— 

— 

— 

0 

0442 

— 

— 

1400 







0 

0452 





1500 

— 

— 

0-0461 

— 

— 

From  thèse  results,  the  follovving  atomic  heats  ai^e  calculated  [Phil. 
Trans.,  1903,  201,  38,  and  1904,  203,  143)  : 


t  abs.  C°. 

Aluminium, 
Al  =  26 -9. 

Nickel, 
Ni  =  58 -3. 

Silvev, 
Ag  = 
107-12. 

Platinum, 
Pt  =  193-3. 

Tin, 

Sn  =  118-1. 

Tellurium, 
Te  =  126-6. 

100 

3-30 

3-35 

5-00 

5-31 

5-46 

5-85 

200 

4-66 

5 

12 

5 

65 

5 

66 

5-95 

5-96 

300 

5-52 

6 

14 

5 

98 

6 

01 

6-47 

6-08 

400 

6-06 

6 

81 

6 

13 

6 

34 

7-04  ? 

6-19 

500 

6-41 

7 

19 

6 

22 

6 

64 



6-30 

600 

6-65 

7 

43 

6 

29 

6 

92 

_ 

6-42 

700 

6-81 

7 

58 

6-32 

7 

19 

— 

6-53 

800 



7 

70 

. 

7 

44 





900 

_ 

7-80 



7 

67 





1000 

_ 



_ 

7 

90 

_ 



1500 

— 

— 

— 

8-91 

— 

— 

About  the  same  time,  a  séries  of  experiments  by  U.  Behn  on  the 
spécifie  heats  of  the  metals,  graphite  and  some  alloys  at  low  tempéra- 
tures, supplied  an  independent  séries  of  data  [Wied.  Ann.  Physik,  [iv], 
1,  257). 

As  a  resuit  of  ail  thèse  researches,  facts  are  now  available  for  an 
examination  of  Weber's  conclusion  that  the  law  of  Dulong  and  Petit 
"  may  be  accepted  as  binding  in  the  case  of  ail  the  éléments"  pro- 
vided  the  spécifie  beat  of  each  is  determined  at  such  a  tempoi'aturo 
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that  the  variation  of  spécifie  hoat  with  change  of  température  is 
insignificant. 

According  to  Weber,  tlie  constant  values  for  the  spécifie  heats  of 
Carbon,  boron,  and  silicon  are  in  round  numbers  0"46,  0*50,  and  0*205 
respectively,  and  thèse  numbers  multiplied  by  the  atomic  weights  12, 
11,  and  28  are  for  carbon  5'5,  boron  5'5,  and  silicon  5'8. 

If  we  now  take  the  true  atomic  heats  of  the  other  éléments  at. 
températures  at  which  they  are  increasing  but  slowly,  we  hâve  the 
following  numbers  : 


Aluminium  at 

700° 

absolute 

6-81 

Nickel           at 

800 

7-70 

Silver            at 

600 

6-29 

Platinum       at 

1000 

7-90 

Tellurium     at 

600 

6-42 

Tin  (doul.tful) 

400 

7-04 

Glucinum 

773 

5  64 

The  extrêmes  among  thèse  numbers  are  carbon  5'5,  platinum 
7  9,  which  stand  toward  each  other  nearly  in  the  ratio  2:3.  The 
approach  to  a  constant  applicable  to  ail  éléments  is  therefore  less 
obvious  when  the  condition  indicated  by  Weber  is  fulfiUed,  and  the 
true  spécifie  heats  are  used,  than  when,  according  to  the  usual  practice, 
the  mean  spécifie  beat  between  0°  and  100°  is  multiplied  by  the  atomic 
weight,  and  the  éléments  carbon,  boron,  silicon,  and  glucinum  are  re- 
garded  as  exceptions. 

The  conclusion  is  therefore  inévitable  that  the  statement  of  Dulong 
and  Petit,  in  the  uncompromising  form  in  which  it  was  originally 
enunciated,  cannot  be  accepted,  and  the  usual  application  of,  the 
spécifie  beat  in  the  choice  of  atomic  weights,  although  serviceable,  is 
only  based  on  the  récognition  of  a  rough  empirical  rule  applicable 
generally,  within  the  usual  limits  of  température,  to  the  metals  but 
not  to  the  exceptional  éléments.  Nor  is  it  reasonable  to  expect 
anything  more  précise,  for  of  the  several  states  of  matter  the  solid 
state  is  that  of  which  we  possess  the  least  knowledge.  Yet  the  law  of 
Dulong  and  Petit  assumes  that  in  solid  s  the  relation  of  the  atoms  to 
one  another  is  the  same  notwithstanding  the  great  diversity  of 
fusibility,  tenaeity,  and  other  mechanical  properties  observed  in  bodies. 
Such  properties  as  expansibility  appear  to  bave  but  little  influence  on 
spécifie  beat.  Comparing  together  lead  and  platinum,  for  example, 
the  atomic  weights  and  spécifie  heats  of  which  are  near  together,  lead 
has  a  coefficient  of  expansion  about  ten  timesthatof  platinum.  Nickel 
and  nickel  steel  also  bave  spécifie  heats  near  together  at  successive 
températures,  the  latter  being  somewhat  the  greater  notwithstanding 
its  very  small  coefiicient  of  expansion  {Plàl.  Trans.,  1903,  201,  40). 

Spécifie  beat  is  an  affair  of  atoms,  not  of  molécules,     This  is  demori- 
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strated  by  the  facts  embodied  in  the  law  of  Neumann,  but  it  becomes 
much  more  obvious  if  the  spécifie  beats  of  a  compound  and  of  the 
éléments  of  which  it  is  composed  are  separately  determined  through  a 
long  range  of  température.  It  may  thus  be  ascertained  whether  an 
élément,  the  spécifie  beat  of  which  increases  considerably  with  rise  of 
température,  retains  this  peeuliarity  in  ibs  compounds.  With  this  object 
in  view,  I  hive  made  a  number  of  déterminations  of  the  spécifie  beats 
of  some  compounds  of  the  éléments  aluminium,  nickel,  silver,  tin,  and 
tellurium,  the  atomic  beats  of  which  bave  already  been  given  (p.  555). 
The  spécifie  beats  of  the  compounds  formed  by  combining  thèse  in 
pairs  were  determined  at  intervais  from  the  boiling  point  of  liquid 
oxygen  to  a  température  as  high  as  possible  without  approaching  the 
melting  point  of  the  compound.  From  the  mean  spécifie  beats 
thus  obtained,  the  true  spécifie  beats  were  calculated,  as  before, 
for  interv^als  of  100°  absolute,  and  from  thèse  the  true  molecular  beats 
bave  been  derived  by  multiplying  by  the  respective  molecular  weights. 
Thèse  are  contained  in  column  B  of  the  following  table  ;  column  A 
contains  the  sum  of  the  atomic  beats  of  the  separate  éléments  which 
enter  into  thèse  compounds. 


Molecular 

Ileals  of  Compounds. 

t  abs. 

SiiTej. 

SnTe,. 

NiTe. 

NiTe. 

Ag3Al.      Ag3Al. 

AgAli2. 

AgAli2. 

C°. 

A. 

B.  ' 

A. 

B. 

A.              B. 

1 

A. 

B. 

100 

17-16 

17-33 

9-20 

8-38 

18-30 

20-58 

44-60 

53-01 

200 

17-87 

17-51 

11-08 

11-35 

21-61 

22-38 

61-57 

64 

92 

300 

18-63 

17-77 

12-22 

12-41 

23-46 

23-06 

72-12 

74 

42 

400 

19-42 

18-10 

13-00 

12-92 

24-45 

24-14 

78-85 

82 

41 

500 

— 

— 

13-49 

13-15 

25-07    î    25-15 

83-14 

88 

56 

600 

— 

— 

13-85 

13-28 

25-52        26-05 

86-09 

93 

12 

700 

— 

— 

14-11 

13-35 

25-77    1    26-85 

88-04 

97-16 

800 

~ 

" 

~ 

1 

~ 

~ 

A  =  calculated  from  the  atomic  heats  of  the  éléments. 

B  =  calculated  from  the  observed  spécifie  heats  of  the  compounds. 


The  aluminium  silver  alloy  containing  24-9  per  cent,  of  silver  shows  a 
greater  dilSei-ence  between  B  and  A  than  in  the  other  cases,  but  even  in 
this  instance  the  différences  are  really  small,  the  maximum  being  about 
15  per  cent,  of  the  molecular  beat  at  the  lowest  température,  whilst 
the  minimum  différence  is  only  3  per  cent,  at  300°. 

From  the  close  concoi-dance  between  the  two  columns  of  figures  in 
each  case,  itis  évident  that  Neumann's  law  is  ajjproximately  exact,  not 
only  between  the  usual  limits  of  température,  but  at  ail  températures 
at  which  the  materials  remain  solid. 
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The  graphie  représentation  (p.  558)  of  the  true  spécifie  heats  of  the 
éléments  and  of  the  compounds  of  the  same  shows  clearly  the  influence 
of  the  preponderating  constituent  in  each  case.  The  éléments  follow 
the  dotted  curves,  the  compounds  the  continuous  cui'ves. 

Inasmuch  as  it  might  be  thought  that  the  force  of  affinity  between 
the  constituents  of  alloys  and  of  compounds  such  as  tellui'ides  is  too 
weak  to  produce  much  efPect  on  their  atomic  heats,  I  hâve  made  a 
further  attempt  to  trace  the  peculiarities  of  certain  éléments  by  study- 
ing  the  influence  of  température  on  the  spécifie  beat  of  some  compounds 
in  -which  the  characteristie  physical  properties  of  the  éléments  présent 
hâve  totally  disappeared.  Alumina  -was  chosen  for  comparison  -with 
aluminium  -with  the  following  results  : 


Mecm  Spécifie  Heat  of  Alumina  {Unpuhlished  Ex2:>eriments). 

15°  to  100°. 

15°  to  19.5°. 

15°to315°. 

15°to420°.15°to510°C. 

White  corundum 

0-2011 
0-1993 
0-2005 

0-2003 

0-2195 
0-2195 

0-2311 
0-2311 

1 

Sapphire    

0-2400 
0-2400 

Artificial  AI2O3  (fused).. 

- 

" 

Artificial  k\^0^  (fused).. 

0-2472 
0-2456 
0-2464 

1 

Q     = 

Att  abs 

17-0 
373° 

.39-5 

468° 

69-3 

588° 

97-2              121-9 
693°                783° 

Mean  Spécifie  Heat  of  Aluminium, 


15°  to  185° 
15  to  335 
15    to  435 


0-2189 
0-2247 
0-2356 


whence  Ç  =  37-2 
,,       G  =  71-9 


When  thèse  are  plotted  as  before,  -with  Q  as  ordinates  and  the  higher 
absokite  températures  as  abscissœ,  the  curve  shown  on  p.  560  is  produced. 

Since  alumina  consists  of  nearly  equal  parts  of  métal  and  oxygen, 
the  close  approximation  of  the  two  séries  of  expérimental  results 
shows  that  oxygen  in  the  solid  form  bas  a  spécifie  heat  practically 
identical  with  that  of  aluminium. 

I  bave  also  made  a  few  experiments  on  lead  oxide  (litharge)  and 
lead,  and  the  numbers  and  curves  on  p.  561  show  that  the  spécifie 
heat  of  the  oxide  is  in  this  case  much  greater  than  that  of  the 
métal. 
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Mean  Specijic  Ueat. 
Lead  oxide.  Lead. 


Temp.  C. 

S.  H. 

Q. 

"s.  H. 

Q. 

Temp.  abs 

182-5°  to  15° 

0-0403 

7-96 

0-0290 

5-73 

90-5° 

15°   to  100 

0-0510 

4-33 

0-0309 

2-63 

373-0 

15     to20.3 

0-0527 

9-90 

0-03-20 

6-02 

4760 

The  atomic  heat  of  solid  oxygen  was  estimated  by  Kopp,  from 
observations  of  the  spécifie  beats  of  compounds  containing  tbis  élément, 
to  be  4-0  (approx.)  at  températures  from  about   15^  to  100°.     If  we 


assume  the  spécifie  beat  of  solid  oxygen  to  be  identical  with  that  of 
aluminium,  the  atomic  heat  of  oxygen  at  successive  températures  will 
be  as  follows  : 


«°  aljs. 

S.  H.  X  16.      = 

:         Atomic  heat 

100 

0-1226 

1-9 

200 

0-1731 

2-7 

300 

0-2053 

3-3 

400 

0-2254 

3-6 

500 

0-2384 

3-8 

600 

0-2471 

3-9 

700 

0-2531 

4-0 

The  values  deducible  from  the  spécifie  beats   of  other  oxides,  using 
Regnault's   numbers,  may  be  set  down  for  comparison,  but  it  will  be 
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observed  that  as  the  proportion  of  oxygen  in  the  compound  diminishes 
the  estimated  atomic  beat  for  the  oxygen  increases.  It  may  fairly  be 
assumed  that  the  most  trustworthy  results  are  deduced  from  tbose 
cases  in  which  the  oxygen  forms  a  large  proportion  of  the  mass  of  the 
oxide, 

Oxide.  Oxygen  pev  cent.    A.  H.  (15°  to  100"). 


AUO3 47 

MgO    40 

ZnO     19 

HgO    7 

PbO     7 


0  3-3 

0  3-7 
7  3-9 
4  4-7 

1  5-0 


The  estimate  I  bave  suggested  {Phil.  Trans.,  1904,  203, 148)  for  the 
atomic  beat  of  gaseous  oxygen  is  2'7. 

An  attempt  bas  been  made  to  trace  the  spécifie  beat  of  carbon  in 
solid  combination.  For  tbis  purpose,  two  hydrocarbons,  picene  and 
ozokerite,*  were  chosen  containing  respectively  a  small  and  a  large 
proportion  of  hydrogen.  The  choice  is  limited  owing  to  practical 
difficulties,  Picene  bas  the  formula  CgoH^^  and  contains  94'96  per 
cent,  of  carbon  and  5-04  per  cent,  of  hydrogen. 

Mean  SpeciJiG  Heat  of  Picene  (m.  p.  364°). 


Temp.   G. 

S.  H. 

Q. 

<°abs 

182-5°  to  15° 

0-1601 

31-5 

90-5 

-95-3  to  15 

0-1676 

18-4 

177-7 

15    to  100 

0-2829 

24-0 

373-0 

15    to  210 

0-3566 

69-5 

483-0 

Mean  Sjiecific 

Heat  of  ' 

Ozoke, 

<te"  (m.  p.  65°). 

182-5°  to  15° 

0-2846 

56  0 

90-5 

-95-3  to  15 

0-3114 

34-3 

177-7 

15      to  40-7 

0-4956 

12-7 

313-7 

When  the  values  of  Q  are  plotted  against  absolute  températures  as 
in  previous  cases,  the  hydrocarbons  are  found  to  yield  curves  similar  in 
character  to  tbose  of  graphite  and  diamond  at  the  bigher  tempei-atures. 
The  spécifie  heat  of  hydrogen  is  much  greater  than  that  of  carbon  at 
ail  températures,  nevertbeless  the  increase  in  the  spécifie  heat  by  rise 
of  température  which  is  characteristic  of  carbon  is  manifest  in  the 
spécifie  beat  of  the  compound  notwithstanding  the  hydrogen  which  is 
associated  with  it.  Thèse  data  are  insufiicient  for  any  probable 
estimate  of  the  atomic  heat  of  solid  hydrogen,  which  is  best  deduced 
fi-om  the  spécifie  heat  of  ice.     Kopp  put  the  number  2*3  for  the  atomic 

*  Natural  ozokerite  was  heated  with  oil  of  vitriol  for  some  hours,  then  washed 
and  distilled  and  the  solid  distillate  crystallised  from  alcohol.  The  -white  product 
melted  at  about  65°  and  consisted,  presumably,  of  a  parafBn  approximating 
to  CgsHgg,  which  contains  85 '27  per  cent,  of  carbon  and  14  "73  per  cent,  of  hydrogen. 
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beat  of  hydrogen,  but  if  we  assume 
from  my  experiments  that  the  atomic 
beat  of  solid  oxygen  a  few  degrees 
below  0°  is  approximately  3,  the 
value  for  hydrogen  cornes  out  about 
2  "7.  Thus  the  spécifie  beat  of  ice 
from  -  78°  to  0°  is  0-47,  and  tbere- 
fore  the  molecvilar  beat  is  8 '46.  Sub- 
tracting  3  for  tbe  oxygen,  balf  the 
remainder,  5*46,  is  2*7,  the  atomic 
beat  of  solid  hydrogen. 

Conclusions. 

1.  The  influence  of  température  on 
the  spécifie  beats  of  many  éléments 
and  compounds  is  much  greater  tban 
was  formerly  supposed. 

2.  There  appears  to  be  no  one  con- 
dition or  set  of  conditions  under 
which  tbe  law  of  Dulong  and  Petit 
is  true  of  ail  the  éléments. 

3.  The  nearest  approach  to  a  con- 
stant available  for  pi-actical  purposes 
is  found  by  taking  tbe  mean  spécifie 
beats  of  metals  between  tbe  freezing 
and  boiling  points  of  water,  recog- 
nising  glucinum,  boron,  carbon,  and 
silicon  as  exceptions,  together  with 
hydrogen,  oxygen,  nitrogen,  and  per- 
baps  chlorine  in  the  solid  form. 

It  is  possible  that  tbe  atomic  beats 
of  éléments  in  the  gaseous  state  may 
be  equal,  direct  experiment  on  the 
gases  having  led  to  the  value  2-4  for 
hydrogen,  2 '5  to  2  7  for  oxygen,  and 
2'6  for  carbon  (in  carbon  dioxide). 

4.  The  independence  of  each  atom 
in  an  élément  or  compound  must  be 
regarded  as  a  fact  of  tbe  utmost  im- 
portance from  the  point  of  view  of 
theory.  That  the  molecular  beat  of 
a  compound  is  the  sum  of  tbe  atomic 
beats  of  ail  the  éléments  présent  is 
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in  harmony  with  the  results  of  observations  on  other  additive  properties, 
such  as  spécifie  volume  and  spécifie  refraction.  Such  independence 
suggests  the  idea  that  chemical  combination  results  f  rom  the  mechanical 
fitting  together  of  atoms,  so  that  a  section  through  a  mass  would  exhibit, 
if  the  atoms  were  visible,  a  certain  tactical  arrangement  probably  corre- 
sponding  with  the  closest  approximation  possible  under  prevailing  con- 
ditions. It  bas  yet  to  be  shown  that  chemical  combination  results,  in  ail 
cases,  from  the  existence  of  electric  charges  résident  on  the  atoms  or  in 
électrons  associated  with  them.  The  molécules  of  carbon  compounds, 
especially,  may  be  regarded  as  being  probably  formed  by  the  adjust- 
ment  of  the  constituent  atoms  to  one  another  in  respect  to  space,  and 
it  is  noteworthy  that  the  binary  compounds  of  carbon,  the  hydrides, 
ehlorides,  and  oxides,  when  in  the  liquid  state,  are  not  electrolytes, 
and  no  case  is  known  of  the  electro-deposition  of  carbon  from  such 
compounds  in  the  elemental  forra. 


OBITUARY  NOTICES. 

FREDERICK  AUGUSTUS  ABEL. 
BoRX  JuLY  17th,  1827;  Dieu  .September  ôtii,  1902. 

The  sudden  deatli  of  8ir  Frederick  Abel  on  September  6,  1902,  at 
his  résidence,  Whitehall  Court,  London,  8.W.,  at  the  âge  of  seveuty- 
live  years,  removed  from  the  English  scientitic  societies  one  pf  tlieir 
most  distinguished  and  energetic  représentatives.  Almost  every  branch 
of  Teelinical  Science  liad  been  eni-iched  by  his  labours,  and  he  became  in 
turn  the  active  officiai  head  of  many  important  organisations  during  the 
latter  paît  of  the  last  century. 

Born  in  London  on  July  17th,  1827,  eldest  son  of  the  late  J.  L. 
Abel,  of  Kentiington,  a  music  master  of  German  descent  (whose  father 
is  said  to  hâve  been  Court  Miniature  Painter  to  the  Grand  Duke 
of  Mecklenburg  Schwerin),  the  subject  of  this  memoir  enjoyed  the 
advantage  of  home  training  in  two  languages,  his  mother  being 
English.  At  the  âge  of  fourteen  he  went  to  Hamburg  on  a  visit  to  his 
uncle,  A.  T.  Abel,  a  mineralogist  and  pupil  of  Berzelius,  and  probably 
to  this  circumstance  may  be  ascribed  his  leaning  towards  scientitic 
pursuits.  Electing  to  become  a  chemist,  young  Abel  commenced  his 
studies  in  1844  under  Dr.  Ryan  at  the  Royal  Polytechnic  Institution  ; 
but,  not  finding  this  course  of  instruction  acceptable,  he  changed  over 
in  the  following  year  (October  1845)  to  the  newly-founded  Royal 
Collège  of  Chemistry,  which,  starting  on  the  approved  Giessen  system 
with  a  pupil  of  the  illustrions  Liebig  as  the  Professor,  olïered  greater 
advantages.  Abel  was  one  of  the  twenty-six  original  students  who 
began  work  in  the  temporary  laboratories  at  George  Street,  Hanover 
Square,  and  migrated  with  the  Professor,  Dr.  A.  W.  Hofmann,  a  year 
later,  into  the  specially-erected  buildings  in  Oxford  Sti'eet,  of  which  the 
foundation-stone  had  been  laid  by  the  Prince  Consort  in  June  1846. 
So  apt  was  he  as  a  pupil  that  he  was  speedily  elected  an  assistant, 
having  for  colleagues  E.  C.  Nicholson,  T.  H.  Rowney,  and  C.  L.  Bloxam, 
and  being  joined  later  by  Dr.  David  S.  Price,  fresh  from  Professor 
Erdmann's  laboratory  at  Leipzig.  Ilere  he  spent  five  more  years, 
teaching  in  the  laboratory  and  doing  some  original  work  ou  his  own 
account.  He  likewise  assisted  the  Professor  in  some  of  his  important 
VOL.    LXXXVII.  Q   Q 
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eai'ly  researclies,  e.fj.  "  Volatile  Organic  Bases."  Abel  was  elected  a 
Fellow  of  tbe  Chemical  Society  of  London  in  1848,  and  read  the  follow- 
ing  pajiers  at  meetings  of  that  body  : — 

1847.  F.    A.    Abel.  "  Products  of  the  Oxidation  of  Cumol  by 

Nitric  Acid." 
["Minerai  Waters  of  Cheltenbam." 

1848.  Abel  and  Rowney.-^  "Water  from  Artesian  Wells,  Trafalgar 

[  Square." 

1849.  Abel  and  Nicholson.      "On  Strychnine." 

In  1851,  Abel  left  the  Collège  to  become  Demoastrator  of  Chemistry 
at  St.  Bartholomew's  Hospital  under  Dr.  John  Stenhouse  ;  and  when, 
two  years  later,  the  post  of  Lecturer  on  Chemistry  at  the  Royal  Military 
Academy,  Woolwich,  became  vacant  by  the  retirement  of  Michael 
Faraday  (whohad  held  it  since  1829),  Abel  applied  for  it  and  was  duly 
elected,  This  was  the  turning-point  in  his  career,  and  marked  the 
commencement  of  a  long  period  of  active  service  at  Woolwich  as  the 
Scientific  Adviser  to  the  War  Office,  almost  immediately  resulting  in  his 
(leBnite  appointment  as  Chemist  of  the  War  Department,  witli  officiai 
résidence  at  Woolwich  Arsenal,  about  the  year  1854,  when  ail  the 
Government  resources  were  being  strained  to  their  utmost  in  préparation 
for  the  great  Russian  war.  At  this  time  also  his  scientific  réputation 
and  influence  were  doubtless  strengbhened  by  the  joint  pviblication  of 
a  Ilmtdbook  of  Chemistry  by  Abel  and  Bloxam,  with  a  Préface  by 
Dr.  A.  W.  Hofmann  (724  pages),  issued  from  the  well-known  press  of 
John  Churchill,  London,  in  1854.*  This  quickly  ran  through  two 
éditions,  but  when  later  a  third  was  required,  Abel,  '"  not  having  leisure 
to  dévote  to  its  préparation,"  as  stated  in  the  Préface,  the  work  was 
reproduced  in  a  somewhat  différent  form  by  Charles  L.  Bloxam  alone. 

To  enumerate  the  acti vides  of  the  thirty-four  years  (1 854-1888)  during 
which  Sir  Frederick  Abel  retained  his  position  at  Woolwich  Arsenal  is 
no  light  task,  inasmuch  as  it  covers  a  period  of  great  reforms  in  the 
Army  and  altérations  of  military  equipment.  The  cast-iron  ordnance 
and  bronze  field  gims  were  superseded,  breech-loading  arms  of  greater 
jn-ecision  were  introduced,  and  new  percvxssion  fuses  provided  ;  also 
torpedoes,  submarine  mining,  and  blasting  materials — even  the  black 
gunpowder  in  common  use  had  to  be  changed— ail  demanding  careful 
study  and  innumerable  exp,eriments. 

The  Navy  also  uudervvent  a  crucial  change  from  the  time-honoured 
"  woodeu  walls"  to  iron  ships  and  armour-plating.     Chilled  shot  and 

■■•  The  prime  Diotivc  for  llie  appearanee  ol'  tliis  work  was  tlie  waiit  of  a  suitable 
text-book  to  put  iuto  tlie  liaiids  of  the  cadets  studyiug  at  the  Royal  Military  Academy, 
who  would  fiud  the  Waltham  Abbey  processes  for  the  purification  of  saltpetre  and 
manufacture  of  guii}>owdcr  fuUy  described,  together  witli  other  détails  of  professioual 
interest. 
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steel  shells  were  inti'oduced,  and  then  began  tlie  interminable  contest 
between  means  of  attack  and  defence.  Trials  were  constantly  made 
in  Woolwich  Marshes  and  at  Shoeburyness  of  new  schemes  and 
constructions,  ail  of  which  were  supervised  by  military  committees,  on 
which  Sir  Frederick  Abel  invariably  found  a  place. 

As  juror  or  British  représentative  he  was  sent  to  do  duty  at 
the  Paris  and  Vienna  Electrical  Exhibitions  of  1881  and  1883;  also 
he  was  Chief  of  the  Executive  of  the  International  Inventions  and 
Music  Exhibition  held  in  London  in  1885  ;  Member  of  the  Ordnance 
Select  Committee;  of  the  Royal  Commission  on  Accidents  in  Coal 
Mines  ;  Expert  for  Petroleum  Législation,  Submarine  Defences,  and 
Smokeless  Powders  ;  and  until  eut  off  by  death  he  was  for  many  years 
Président  of  the  Explosives  Committee. 

The  lamentable  accident  at  Messrs.  Prentice's  Stowmarket  factory 
brought  to  light  a  hitherto  unsuspected  property  of  gun-cotton,  show- 
ing  tliat  even  in  the  form  of  moist  pulp,  and  under  water,  it  could 
be  fired  by  détonation  or  extrême  compression.  Working  on  this 
basis,  and  with  the  happy  collaboration  of  one  of  his  assistants, 
Edwin  O.  Brown  (who  devised  and  carried  out  a  spécial  séries  of 
experiments,  for  which  he  was  rewarded  by  the  Government),  Abel 
was  driven  to  the  conclusion  that  his  first  opinion  as  to  the  cause  of  the 
Stowmarket  disaster  would  hâve  to  be  modified  ;  and  as  a  final  outcome 
of  this  inquiry  most  impoi'tant  results  followed,  which  were  immediately 
put  to  practical  use  in  submarine  and  torpédo  warfare.  Then,  again, 
as  to  the  old  form  of  gunpowder,  working  with  Sir  Andrew  Noble  on 
grains  of  enormous  size,  "  pebble  powder,"  it  was  found  that  the  rapidity 
of  ignition  and  pressure  under  which  it  was  fired,  exerted  a  vast  in- 
fluence upon  the  expansive  force  generated,  and  that  even  the  products 
of  combustion  were  variable  under  thèse  différent  conditions.  The 
powder  had  therefore  to  be  specially  prepared  when  the  huge  chambers 
of  the  81-ton  gun  required  to  be  supplied  with  ammunition,  charges  of 
"  prism  powder  "  being  the  resuit. 

From  1868  to  1875,  Abel  devoted  much  of  his  time  to  the  investiga- 
tion of  gun-cotton,  publishing  his  results  in  the  Philosojjhtcal  Trans- 
actions of  the  Eoyal  Society,  and  delivering  lectures  on  spécial  points  at 
the  Royal  Institution,  London,  and  Royal  Artillery  Institution,  Wool- 
wich, He  was  elected  Pi-esident  of  the  Chemical  Society  for  1875-7, 
and  during  the  tenure  of  this  oSice  he  invited  the  Fellows  to  Woolwich 
onMarch  14,  1876,  to  witness  a  séries  of  practical  démonstrations  in  the 
Royal  Arsenal.  About  four  hundred  members  attended,  and  they 
were  favoured  with  an  ever-memorable  programme  of  great  scientific 
interest.  Two  rounds  were  fired  from  the  81-tou  gun,  called  at  that 
time  "The  Woolwich  Infant."  A  grand  séries  of  gun-cotton  experi- 
ments were  displayed,   showing    the    extraordinary  différence    in   the 
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destructive  eiïects  according  to  tlie  mode  of  ignition  aud  confinement 
of  the  charges — sometimes  burning  slowly  away  or,  if  detonated,  explod- 
ing  with  terrifie  violence.  Torpedoes  were  launched  in  the  jMilitary 
Canal  ;  the  40-ton  steam-foi'ging  hammer  was  set  in  action,  and  the 
whole  of  the  workshops  and  gun  factories  were  open  for  inspection. 

In  September  1877,  Abel  was  Président  of  Section  B  (Chemistry)  at 
the  Plymouth  meeting  of  the  British  Association;  in  1881  and  1882, 
Président  of  the  Institute  of  Chemistry.  The  following  year,  1883, 
he  succeeded  Sir  Henry  Roscoe  as  Président  of  the  Society  of  Chemical 
Industry,  served  at  the  Vienna  Exhibition,  as  ali-eady  mentioned, 
and  was  knighted.  Then  we  find  him  busy  on  "  Dangerous  Dusts," 
Steel  Testing,  Kitro-Glycerine  and  Cordite,  and  helping  the  cause  of 
Technical  Education  whilst  on  the  governing  body  of  the  City  and 
Guilds  of  London  Institute  and  as  Prime  Warden  of  the  Goldsmiths' 
Company  ;  fiUing  up  his  time  by  serving  as  Chairman  of  the  Society 
of  Arts,  and  Président  of  the  Institution  of  Electrical  Engineers  ; 
Member  of  the  Board  of  Managers,  Royal  Institution,  and  of  the 
Council  of  the  Royal  Academy  of  Music.  He  was  also  Chairman  of 
the  British  Comraittee  in  promotion  of  the  Hofmann  Testimonial, 
1888,  which  added  a  considérable  sum — about  £270 — to  the  Inter- 
national Fund. 

Another  subject  upon  which  Sir  F.  A.  Abel  was  consulted  look 
the  form  of  a  référence  touching  the  safety  of  Petroleum  for  storage 
and  use  as  an  illuminant  in  domestic  lamps.  In  1868,  investigations 
led  to  the  adoption  of  an  Open-Test  apparatus  with  the  limit  of 
100°  F.  as  "flash  point"  ;  but  it  was  found  later  that  more  précise 
results  could  be  obtained  by  the  use  of  Abel's  Close-Test  apparatus 
and  substitution  of  73°  F.  (instead  of  100°).  This  standard  was 
legalised  in  1879,  and  bas  ever  since  been  adopted. 

Somewhat  akin  to  the  above  was  an  expérimental  inquiry  under- 
taken  at  the  request  of  the  Home  Office,  1880,  into  the  question  of 
Colliery  Explosions  and  the  influence  of  Coal-dust  as  one  of  the  causes. 
The  report  was  presented  in  June  1881,  and  went  to  show  that  the 
finely-divided  particles  suspended  in  air  were  a  source  of  danger 
similar  to  that  occasionally  experienced  in  flour-mills.  A  lecture  was 
delivered  at  the  Royal  Institution  in  April  1882  on  "  Dangerous 
Dusts,"  in  which,  after  reviewing  the  Reports  of  Faraday  and  Lyell, 
1845;  Rankin  and  Macadam,  1872  (referring  to  the  lamentable 
accident  at  the  Tradeston  Flour  Mills,  Glasgow,  wlien  several  persons 
wei"e  killed),  and  to  the  later  report  of  Marreco  and  Morison  on  Coal- 
dust  dangers  at  Seaham  Colliery,  Durham,  Sir  Frederick  Abel 
deseribed  his  own  expérimental  results,  and  pointed  to  the  fact  that, 
although  a  mixture  of  two  or  three  per  cent,  of  fire-damp  with  air  was 
not  itself  inflammable,  it  became  explosive,  or  "  a  can-ier  of  flame,"  as 
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soon  as  the  particles  of  coal-dust  were  diffused  throngh  such  an 
atmosphère,  as  the  conséquence,  for  instance,  of  using  the  ordinary 
gunpoAvder-blast  for  dislodging  masses  of  coal.  The  merits  of  the 
quicklime  System  of  mining,  and  of  the  dynamite  and  water-blast 
were  discussed. 

In  1883,  Sir  F.  A.  Abel  was  elected  an  Honorary  Member  of  the 
Institution  of  Mechanical  Eugineers,  in  récognition  of  his  having 
undertaken  for  their  Research  Committee  on  the  Hardening  of  Steel 
a  séries  of  experiments  on  the  condition  in  which  the  carbon  exists 
in  that  métal.  The  isolation  of  the  carbide,  Fe^C,  believed  to  be  dis- 
solved  throughout  the  steel,  was  held  to  be  a  step  to  the  elucidation 
of  this  subject  ;  but  it  remained  for  the  late  Sir  W.  Roberts-Austen 
to  put  the  finishing  touch  to  this  inquiry  by  attacking  the  problem 
from  the  physical  side.  The  subject  of  steel,  and  the  influence  of 
small  additions  of  other  metallic  éléments,  such  as  manganèse,  nickel, 
cobalt,  chromium,  and  aluminium,  was  referred  to  at  Leeds  in  1890, 
when  Sir  Frederick  Abel  was  Président  of  the  British  Association  for 
the  Advancement  of  Science,  and  again  in  the  following  year,  when  he 
was  Président  of  the  Iron  and  Steel  Institute. 

It  had  been  decided  to  commemorate  the  Jubilee  of  Her  Majesty 
Queen  Victoria's  reign  by  the  érection  of  a  grand  édifice  at  South 
Kensington,  which  was  to  be  devoted  to  a  permanent  exhibition  of  the 
natural  products  and  articles  of  commerce  obtainable  from  India  and 
the  British  Colonies.  The  Muséum  was  to  be  a  centre  of  inquiry  and 
conférence  between  merchants  and  manufacturera  of  the  Empire. 
Imperfectly-known  substances  were  to  be  brought  to  their  proper  uses 
and  turned  to  profitable  account  ;  some  ores  and  drugs  might  require 
to  be  analysed,  or  made  the  subject  of  research,  for  which  a  trained 
scientific  staff  and  suitable  laboratories  were  provided.  Sir  Frederick 
Abel  was  appointed  the  Organising  Secretary,  and  for  fourteeu  years 
he  devoted  himself  to  this  work  (1887  to  1901),  ceasing  from  his 
labours  only  when  the  perfected  scheme  was  placed  under  the  direction 
of  the  Board  of  Trade,  and  part  of  the  surplus  buildings  devoted  to  the 
needs  of  the  London  University. 

Blest  with  good  health  and  indomitable  persévérance,  Abel  succeeded 
in  accomplishing  an  amount  of  work — and  that  of  a  nature  sometimes 
attended  with  personal  risk — which  would  hâve  appalled  many  a 
scientific  professer  placed  in  similar  circumstances.  It  is  not  surpris- 
ing  that  honours  fell  fast  upon  liim  both  by  Royal  patronage  and 
University  preferment.  He  was  made  a  Companion  of  the  Bath  in 
1877,  and  promoted  to  Knight  Commander  of  this  Order  in  1891  ; 
knighted  in  1883,  and  made  a  Baronet  in  1893  (after  the  opening  of 
the  Impérial  Institute),  while  in  1901  he  was  created  a  Knight  Grand 
Cross  of  the  Victorian  Order.     Oxford  conferred  its  D.C.L.  in  1883, 
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and  Cambridge  its  D.Sc.  in  1888.  He  held  tbe  Albert,  tbe  Royal,  and 
tbe  Telford  Medals,  also  tbe  Bessemer  Gold  Medal,  1897.  As  already 
stated,  be  was  made  successively  Président  of  many  of  tbe  learned 
Societies  and  Honorary  Life  Member  of  otbers. 

Sir  Frederick  A  bel  was  one  of  tbe  six  Past  Présidents  of  tbe 
Cbemical  Society,  "  wbo  had  accomplisbed  tbeir  Jubilee  as  Fellows,"  in 
wbose  bonour  a  Banquet  was  given  in  London  on  November  11,  1898, 
at  tbe  Wbiteball  Booms.  Tbere  were  to  bave  been  seven,  but  Lord 
Playfair  died  wbile  tbe  preliminary  arrangements  were  being  made, 
and  tbe  Festival  was  consequently  postponed  from  an  earlier  date 
(June  9tb).  Of  tbese  six  or  seven  distinguisbed  men  only  Professor 
Odling  survives.  Tbe  ebair  was  taken  by  Professor  Sir  James  Dewar, 
and  an  illustrious  company  assembled,  including  Dr.  H.  T.  Bottinger, 
Professor  W.  Ostwald,  Lord  Lister,  P.R.S.,  Lord  Chief  Justice  Alver- 
stone,  several  statesmen  and  beads  of  scientific  departments,  togetber 
witb  about  two  bundred  and  fifty  Fellows  of  tbe  Cbemical  Society. 

Socially,  tbe  late  Sir  F.  A.  Abel  was  doubly  acceptable  on  account  of 
bis  splendid  musical  talents.  Not  a  vocalist  bimself,  he  was  ever  ready 
to  play  tbe  accompaniments,  and  even  train  a  band  of  singers,  besides 
giving  exquisite  performances  on  tbe  grand  pianoforte  at  many  of  tbe 
earlier  dinners  and  festivities  of  tbe  Cbemical  Societies.  To  bear  bis 
rendering  of  *^' William  Tell,"  "  Oberon,"  "  Der  Freiscbiitz,"  "Tann- 
bauser,"  and  otber  cboice  operatic  sélections,  generally  played  witbout 
music  score,  was  always  a  great  artistic  treat. 

As  to  Clubs,  be  was  a  member  of  tbe  Atbenœum,  tbe  Savage,  and  tbe 
Garrick,  and  in  former  times  one  of  tbe  prominent  members  of  "Tbe 
Bées" — a  small  fraternity  of  cbemical  students  (cbiefly  Hofmann's 
pupils)  to  wbose  meetings  Abel  used  to  take  bis  zither. 

Sir  Frederick  was  twice  married,  but  died  a  widower  witbout 
cbildren.     Tbe  Baronetcy  is  tberefore  extinct. 

J.  Spiller. 


LOBBY  DE  BBUYN. 

BoRX  January  IsT,  1857;  Died  July  27th,  1904. 

At  tbe  early  âge  of  forty-seven  tbe  name  of  one  of  tbe  youngest  of 
tbe  Honorary  Foreign  Members  of  tbe  Chemical  Society  disappears  from 
tbe  list.  Scarcely  had  bis  élection  been  completed,  in  May  last,  tban 
he  was  seized  witb  illness  whicb  ended  fatally  on  July  27. 

Cornelis  Adiiaan  Lobry  van  Troostenburg  de  Bruyn  was  born  on 
January  1,  1857,  at  Leeuwarden,  where  bis  father,  Nicbolaas  Lobry  van 
Troostenburg  de  Bruyn,  was  a  physician  in  practice.     The  boy  was  in 
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duetime  sent  to  the  high  school  of  the  town  (Hoogere  Burger  School), 
and  subsequently  for  a  year  to  the  Gymnasium.  In  1875  he  entered  the 
University  of  Leiden,  and  in  1883,  whileacting  as  assistant  to  Piofessor 
Franchimont,  he  pioduced  his  dissertation  and  obtained  his  doctorate. 
The  subject  of  this  thesis  was  the  interaction  of  the  three  dinitro- 
benzenes  with  potassium  cyanide  in  alcoholic  solution,  an  investigation 
to  which  he  several  times  returned,  and  of  the  results  of  which  he 
published  a  résumé  so  recently  as  the  spriug  of  1904  {Rec.  Trav.  chim. 
Pays-Bas,  23,  39). 

x\bout  this  time  De  Bruyn  went  to  Paris  and  worked  for  a  few  months 
in  the  laboratory  of  Wurtz,  and  in  that  of  Friedel,  returning  to  Leiden 
in  1884,  where  he  remained  until  the  following  year.  Having  been 
appcinted  Chemist  to  the  Government  Department  of  Marine, 
his  officiai  duties  naturally  brought  befoi*e  his  notice  new  problems, 
especially  those  connected  with  the  manufacture  and  properties  of 
explosives,  and  to  this  work  he  devoted  much  attention  during  eleven 
years.  During  this  period  he  began  the  study  of  methyl  and  ethyl 
alcohols  in  the  character  of  sohents,  which  led  hira  on  to  the  isolation 
of  hj^droxylamine  and  of  hydrazine.  Keither  of  thèse  bases  had  up  to 
this  time  been  obtained  in  a  free  s  ta  te,  owing  probably  to  the  use  of 
water  as  the  solvent.  De  Bruyn  found  that  hydroxylamine  hydi^o- 
chloride  dissolves  in  about  six  times  its  weight  of  absolute  methyl  alcohol, 
and  that  when  mixed  with  the  calculated  quantity  of  sodium  methoxide, 
also  dissolved  in  methyl  alcohol,  sodium  chloride  is  precipitated,  and  a 
solution  of  hydroxylamine  is  obtained.  From  this  the  alcohol  mav  be 
distilled  off  under  reduced  pressure.  It  was  soon  found  that  hydroxyl- 
amine is  not  a  gas,  as  had  been  previously  supposed,  but  a  crystalline  solid 
which,  although  very  explosive,  can  be  distilled  under  a  low  pressure. 
This  isolation  of  hydroxylamine  was  accomplished  in  1891.  Hydrazine, 
discovered  by  Curtius  in  1887,  was  known  in  the  form  of  hydrate,  from 
which,  however,  it  had  been  found  impossible  to  remove  the  éléments  of 
water.  De  Bruyn  succeeded  in  1894  in  applying  the  method  adopted 
for  the  isolation  of  hydroxylamine.  The  hydrochloride  boiled  with  a 
methyl-alcoholic  solution  of  sodium  methoxide  and  then  fractionated 
under  reduced  pressure  gave  solutions  containing  as  much  as  92  per 
cent,  of  hydrazine.  The  dehydration  was  completed  by  contact  with 
barium  oxide.  The  free  base,  original!}^  desoribed  as  a  gas,  was 
found  to  be  a  liquid  at  common  températures,  although  freezing  into  a 
solid  which  melts  at  1-4'',  and  in  the  liquid  state  having  nearly  the 
same  density  as  its  hydrate  N.,H^,H._,0,  a  remarkably  stable  substance 
which  boils  constantly  at  118-5".  The  vvhole  of  the  physical  constants  of 
hydrazine  were  determined  by  De  Bruyn,  and  are  describcd  in  a 
memoir  published  in   1896   (Rec.    Trav.   chim.,    15,   174). 

In  this  year  he  was  appointed  to  succeed  Gunning  as  Professor  in  the 
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University  of  Amsterdam,  having  declined  the  position  of  State 
Chemist  ofîered  to  him  in  1895  by  the  Government  of  the  Transvaal. 
In  this  connection  it  may  be  mentioned  that  in  1901  a  chair  was 
ofîered  to  De  Bruyn  in  the  University  of  Yienna,  an  invitation  which, 
however  flattering,  did  not  disturb  his  dévotion  to  the  work  which  lay 
before  him  in  his  own  fatherland.  His  duties  in  Amsterdam  included 
the  instruction  of  pharmaceutical  students  as  well  as  students  of  pure 
chemistry,  but  over  ail  he  exercised  the  same  stimulating  and  inspiring 
influence  which  carried  them  forward,  and  to  which  many  of  those, 
e.^pecially  who  are  applying  their  chemistry  to  the  purposes  of  the 
profession  of  medicine,  will  hâve  reason  to  look  back  with  thankfulness. 
In  the  inaugural  address  delivered  on  assuming  his  professorial  duties 
De  Bruyn  announced  his  intention  of  studying  the  phenomena  which  are 
attributed  to  atomic  rearrangement,  and  in  the  pursuit  of  thèse  inquiries 
he  gradually  turned  in  his  later  years  to  problems  of  physical  chemistry. 
The  sort  of  questions  with  which  he  occupied  himself  are  indicated 
clearly  by  the  titles  of  some  of  his  most  récent  papers.  "  Do  the  Ions 
carry  the  Solvent  with  them  in  Electrolysis  1  "  *  This  question  cannot  be 
studied  by  using  purely  aqueous  solutions,  but  it  can  be  done  by  means 
of  solutions  of  an  electrolyte,  say,  in  mixtures  of  water  and  methyl 
alcohol.  Then  if  one  of  the  ions  carried  with  it  one  of  the  solvents, 
this  would  be  found  ont  by  the  différence  in  the  proportion  of  the  two 
solvents  at  the  cathode  and  the  anode  both  by  comparing  them  with 
each  other  and  with  the  original  solution.  Experiments  made  with 
silver  nitrate  led  to  the  conclusion  that  under  the  circurastances  of  the 
experiments  no  such  transference  of  the  solvent  occurred.  Another, 
"  On  the  Variations  of  Concentration  of  Solutions  and  the  Crystallis- 
ation  of  Dissolved  Substances  under  the  Influence  of  Centrif  ugal  Force,"  f 
led  to  a  very  remarkable  resuit,  With  the  object  of  determining  whether 
gravitation  was  compétent  to  effect  any  séparation  of  a  solid  from  the 
liquid  in  which  it  was  dissolved,  Gay-I-ussac  had  long  ago  placed  in  the 
cellars  of  the  Observatory  at  Paris,  where  the  température  is  practically 
constant,  a  tube,  two  mètres  long,  containing  a  solution  of  sait,  and 
after  a  time  determined  the  concentration  of  the  top  and  bottom  layers 
of  solution.  The  resuit  was  négative,  as  the  force  of  gravity  was 
insuôicient  to  bring  about  any  change  which  could  be  experimentally 
recognised.  Quite  recently  (1895),  Bredig,  J  making  use  of  centrifugal 
force,  succeeded  in  partially  separating  two  gases,  hydrogen  and  hydro- 
gen  iodide,  which  hâve  very  différent  molecular  weights.  Bredig  made 
use  of  a  sealed  glass  tube,  having  a  tap  in  the  middle,  each  arm  being 
21  cm.  long  and  fiUed  with  the  mixture.     Having  whirled  the  tube 

*  K.  Akademie  Wctcnschappcn  te  Amsterdam,  Aiignst  1903. 
t  Rec.  Trav.  chim.,  1904,  23,  218. 
î  Zeit.  physikal,  C'hem.,  17,  459. 
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about  2400  turns  a  minute  for  H  to  3  hours,  the  apparatus  was  stoppée! 
and  the  tap  elosed.  On  analysing  the  contents  of  the  two  àrms  of  the 
tube  a  différence  of  about  3  per  cent,  was  observed.  De  Bruyn,  in 
concert  with  R.  P.  van  Calcar,  submitted  solutions  of  varions  salts  and 
of  sugar  in  water  to  centrif ugal  action  in  an  apj^aratus  devised  so  as  to 
permit  of  the  removal  of  sraall  quantities  of  liquid  at  différent  distances 
f rom  the  centre  during  the  process  of  centiif ugation.  When  a  saturated 
solution  of  Glauber's  sait  was  employed,  so  great  was  the  concentration 
towards  the  periphery  of  the  whirling  drum  that  about  |ths  of  the  dis- 
solved  sait  separated  in  the  solid  crystalline  state,  having  a  liquid  in 
the  middle  which  contained  only  5-54  per  cent,  of  anhydrous  sodium 
sulphate  ! 

No  mention  ha  s  been  made  of  De  Bruyn' s  work  in  connection  with 
carbohydrates.  The  first  communication  jointly  Avith  Franchimont  on 
the  amino-derivatives  of  the  sugars  was  the  outcome  of  his  use  of  methyl 
alcohol  as  a  solvent.  The  further  study  of  thèse  compounds,  pursued 
with  van  Leent,  and  later  with  Alberda  van  Ekenstein,  director  of  the 
Government  sugar  laboratory,  resulted  from  his  discovery  of  the  trans- 
formations of  the  sugars  under  the  influence  of  alkalis,  and  were  con- 
tinued  appropriately  in  connection  with  his  duties  as  scientific  adviser 
to  the  Minister  of  Finance.  But  no  department  of  chemistry  escaped 
his  notice,  and  the  variety  and  extent  of  his  expérimental  labours  can 
only  be  estimated  after  inspecting  such  a  complète  list  of  his  published 
memoirs  as  will  appear  in  the  completed  volumes  of  the  Royal  Society 
Catalogue. 

In  1884,  De  Bruyn  married  Maria  Simon  Thomas,  daughter  of  H.  E. 
Simon  Thomas,  Professer  of  Obstetrics  aud  Gmœcology  in  Leiden.  He 
leaves  two  sons  and  two  daughters.  Though  personally  known  to  but 
few  English  chemists,  his  great  services  to  science  hâve  been  fully  recog- 
nised  in  this  country,  and  his  récent  élection  as  an  Honorary  Foreign 
Member  of  the  Chemical  Societ}'  may  be  regarded  as  an  expression  of 
the  appréciation  of  his  English  colleagues.  As  to  his  personal  qualities, 
we  may  well  believe  the  statement  of  his  f riends,  Professer  Cohen  and  Dr. 
Blanksma,*  that  his  only  fault  was  his  too  great  modest}-.  In  the  words 
of  one  who  knew  him  best,  "he  was  like  ail  really  good  men,  a  very  kind 
father  and  husband,  of  that  calm  IDutch  tempérament  which  is  never  out 
of  tune."  Peace  be  to  his  ashes  !  Though  the  march  of  science  must 
go  forward,  his  comrades  cannot  but  feel  that  the  world  bas  lost  in 
Lùbry  de  Bruyn  an  active  and  successful  leader  and  a  good  man. 

W.   A.  TiLDEN. 

*  C'kemisch  JVcelhJad,  1,  985. 
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EDWARD    FRANKLAND. 
BoRN  January  18th,  1825;  Died  August  9th,  1899. 

Ix  his  autobiography,which  has  recently  been  printed  for  private  circu- 
lation, Frankland  tells  us  that  he  hacl  been  to  seven  schools  by  the  time 
he  reached  the  âge  of  seven  years.  In  the  eighth  school,  near  Lancaster, 
he  remained  until  he  was  twelve,  and  it  was  hère  that  he  began  to  take 
an  interest  in  science  and  consult  books  at  the  Mechanics'  Institute;  hère 
he  made  a  voltaic  pile  and  decomposed  water  and  joined  with  his  school- 
fellows  in  the  making  of  firewoi-ks  and  other  experiments.  From  the  âge 
of  twelve  to  fifteen  he  attended  the  Lancaster  Free  Grammar  School. 
As  he  wished  to  enter  the  médical  profession,  his  stepfather,  acting  on 
advice  given  by  others,  apprenticed  him  to  a  druggist  for  six  years,  in 
the  belief  that  this  would  lead  to  the  desired  end.  For  the  first  two 
years  of  this  apprenticeship  he  was  the  junior  and  had  to  do  laborious 
and  dirty  work  without  holidays  ;  in  the  third  and  fourth  years  he  had 
one  week's  holiday  in  each  year,  and  the  fifth  and  sixth  years  were  less 
trying.  During  his  apprenticeship,  Dr.  James  Johnson  invited  Frank- 
land and  some  other  druggists'  apprentices  to  make  use  of  a  laboratory 
and  smali  lecture-room  which  he  had  iitted  up  in  a  cottage,  where  they 
performed  many  chemical  experiments  and  made  rough  analyses  of 
waters. 

In  his  twenty-first  year,  Frankland  left  Lancaster  and  went  to 
London,  where  he  was  introduced  to  Dr.  Lyon  PLiyfair  and  commenced 
working  in  his  laboratory  in  October  1845,  under  the  direction  of  the 
assistant,  Mr.  Ransome.  At  the  end  of  six  months,  P.ayfair  ap- 
pointed  him  lecture-assistant  in  the  Civil  Engineering  Collège,  Putney. 

Kolbe  was  then  assistant  in  Playfair's  laboratory,  and  he  and 
Frankland  undertook  an  investigation  suggested  by  the  theory  of 
Berzelius  that  acetic  acid  is  a  conjugate  compoundof  methyl  and  oxalic 
acid,  and  on  April  19,  1847,  they  read  a  paper  at  the  Chemical  Society 
"  On  the  Chemical  Constitution  of  Metacetonic  (Propionic)  Acid,  and 
some  other  Bodies  related  to  it,"  which  was  published  in  Chem.  Soc. 
Mem.,  1845—1848,  3,  386—391.  They  suspected  that  the  nitriles,  some 
of  which  had  been  prepared  by  other  chemists,  were  in  reality  cyanides, 
and  they  prepared  pure  ethyl  cyanide  and  acted  on  it  wilh  boiling 
solution  of  caustic  potash,  and  obtained  potassium  propionate  with 
évolution  of  ammonia. 

In  May  1847,  Frankland  went  with  Kolbe  to  Marburg  and  worked 
for  three  months  in  Bunsen's  laboratory.  Hère  they  completed  the 
work  on  the  préparation  of  organic  acids  from  the  alkyl  cyanides  and 
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piiblished  a  complète  account  of  their  researches  in  the  Annalen,  1848, 
65,  288 — 304,  under  the  title  "  XJeber  die  chemische  Constitution 
der  Sauren  der  lieihe  {ij.2ii^,iO^  und  der  unter  dem  Namen  '  nitrile  ' 
bekanuten  Verbindungen."  In  this  papei^  (April  15,  1848)  they 
describe  the  use  of  the  iuverted  condenser  for  digestions.  They  also 
attempted  to  isolate  ethyl  by  the  action  of  potassium  on  ethyl  cyanide, 
when  they  obtained  a  gas  having  the  composition  of  methyl  ;  this  gas, 
when  acted  on  by  chlorine,  gave  a  compouud  whieh  they  supposed 
to  be  an  isomeride  of  ethyl  chloride.  In  the  residue  left  after  the 
évolution  of  the  gas,  they  found  the  new  base,  cyanethine,  of  which 
they  prepared  the  nitrate  and  platinichloride. 

In  the  combustion  of  thèse  compounds  with  oxide  of  copper,  they 
employed  a  stream  of  oxygen  evolved  from  potassium  perchlorate 
placed  in  the  posterior  end  of  the  combustion  tube  (Quart.  Journ. 
Chem.  Soc,  1849,  1,  60—74.     Read  February  7,  1848). 

In  August  1847,  Frankland  went  to  Queenwood  Collège  to  teach 
chemistry,  geology,  and  botany.  It  was  hère  that  his  expérimenta  on 
the  isolation  of  the  alcohol  radicles*  were  commenced  on  April  10,  1848, 
in  the  attempt  to  remove  the  oxygen  from  ether  by  the  action  of 
potassium,  but  which  yielded  only  hydrogen  from  the  présence  of 
water  or  of  alcohol.  Ou  April  18,  he  prepared  ethyl  iodide  for  further 
experiments,  this  compound  not  having  been  hitherto  used  in  chemical 
research.  On  April  21,  he  tried  the  action  of  potassium  on  ethyl 
iodide  ;  no  change  took  place  in  the  cold,  but  when  the  iodide  was 
heated  near  its  boiling  point,  gas  was  evolved  ;  this  experiment  was 
lost  in  conséquence  of  the  entry  of  water  into  the  tube.  On  April  26, 
potassium  and  ethyl  iodide  were  heated  together  in  a  sealed  tube  in  an 
oil-bath  ;  on  opening  the  tube,  a  gas  escaped  which  was  found  to  be  a 
mixture  of  methyl  and  hydrogen.  Frankland  appears  to  hâve  been 
one  of  the  first  chemists  to  use  sealed  tubes  in  chemical  research,  and 
he  tells  us  that,  when  he  was  working  in  Liebig's  laboratory  in  1849, 
Hofmann  paid  him  a  visit  to  learn  the  way  of  making  thèse  tubes  and 
took  a  number  of  them  back  to  London  with  him.  On  May  18,  during 
the  analysis  of  another  quantity  of  the  gas,  the  eudiometer  exploded. 
In  August,  in  attempting  to  prépare  the  radicle  f ormyl  by  the  action  of 
potassium  on  chloroforra,  several  serions  explosions  occurred,  but  ap- 
parently  no  important  resuit  Avas  obtained. 

He  then  retui-ned  to  the  isolation  of  ethyl,  and  on  July  28,  1848,  he 
sealed  up  a  mixture  of  ethyl  iodide  and  zinc  in  a  glass  tube  and  heated 
the  tube  to  300°  F.  ;  no  action  appeared  to  occur,  but  at  400°  the  zinc 
began  to  be  slowly  converted  into  iodide  and  the  liquid  ceased  to  boil. 

In  October  1848,  Frankland,  accompanied  by  Tyndall,  went  to 
Marburg  and  worked  in  Bunsen's  laboratory.  Hère  he  isolated 
*  It  slionld  be  uoted  that  Frankland  always  spelt  this  word  "radical." 
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chromium  by  electrolysis,  but  he  does  not  appear  to  hâve  published 
any  account  of  its  properties,  which  differed  somewhat  from  those  of 
the  métal  obtained  by  other  processes.  On  Febvuary  18,  1849,  lie 
opened  the  tube  in  which,  on  July  28,  1848,  he  had  heated  the  mixture 
of  zinc  J),nd  ethyl  iodide.  The  tube  was  opened  ùnder  water  and  some 
of  the  contents  came  in  contact  with  the  water,  producing  a  violent 
effervescence.  The  gas  was  found  to  consist  of  ethyl  mixed  with 
methyl  and  ethylene.  On  March  2,  he  placed  ethyl  iodide  and  zinc  in 
a  tube  from  which  the  air  was  removed  before  sealing  ;  after  heating,  the 
evolved  gas  was  found  to  be  a  mixture  of  ethyl,  methyl,  and  ethylene. 
When  the  sealed  tubes  were  opened,  a  large  quantity  of  gas  rushed 
out,  leaving  a  small  quantity  of  volatile  liquid  in  the  tube  ;  the  vapour 
of  this  liquid  was  shown  to  be  pure  ethyl.  The  homogeneity  and 
density  of  the  gas  were  determined  by  observation  of  its  rate  of 
diffusion,  this  being  the  tirst  application  of  this  method.  He  en- 
deavoured  to  combine  ethyl  with  chlorine,  bromioe,  and  other  substances, 
but  without  success.  He  also  studied  the  action  of  zinc  on  ethyl 
iodide  in  the  présence  of  water,  and  found  that  ethyl  hydride  was 
evolved.  The  results  of  this  investigation  were  sent  to  the  Chemical 
Society  on  June  17,  1849,  and  published  in  the  Quart.  Journ.  Chem. 
Soc,  1850,  2,  263 — 296,  under  the  title  "  On  the  Isolation  of  the 
Organic  Radicles."  On  March  15  and  16,  1849,  the  action  of  ethyl 
iodide  on  other  metals  was  tried,  and  tin  was  found  to  be  acted  on  with 
considei'able  ease.  The  results  of  ail  thèse  experiments  were  included 
in  the  thesis  for  the  Ph.D.  degree,  which  was  granted  on  June  30, 
1849,  Frankland  being  the  first  Englishman  to  graduate  at  Marburg.' 

Experiments  were  next  made  with  zinc  and  methyl  iodide,  when 
zinc  methyl  was  discovered  with  ail  its  surprising  properties.  This 
compound  and  zinc  ethyl  were  described  in  a  paper  on  a  new  séries  of 
organic  bodies  containing  metals  and  phosphorus  (Quart.  Journ. 
Chem.  Soc,  1850,  2,  297—299),  and  read  on  November  5,  1849. 

In  the  autumn  of  1849,  Frankland  went  to  Giessen  and  worked 
with  Liebig  until  Christmas  ;  hère  he  experimented  on  the  action  of 
amyl  iodide  on  zinc  and  obtained,  in  addition  to  amyl  and  zinc  amyl, 
the  compounds  amyl  hydride  and  amylene,  which  were  previously 
unknown.  This  research  was  described  at  the  Chemical  Society  on 
February  18,  1850,  and  published  under  the  title  "  Researches  on  the 
Oi'ganic  Radicles  ;  Part  If,  Amyl"  (Quart.  Journ.  Chem.  Soc,  1851, 
3,  30 — 52).  A  section  at  the  end  of  this  paper  refers  to  the  constitu- 
tion of  alcohols,  ethers,  and  the  ammonia  bases. 

At  Christmas,  he  went  to  Berlin  with  the  intention  of  woi-king  in 
Rose's  laboratory,  but  before  the  laboratoiy  was  opened  he  was 
offered  the  Professorship  of  Chemistry  at  Putney  Collège  in  succession 
to  Playfair  and  entered  on  his  duties  in  the  beginning  of  the  year 
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1850.  After  organisiug  the  laboratory  he  triecl  the  action  of  sunlight 
on  ethyl  iodide  and  found  tliat,  in  the  présence  of  mercury,  mixtures 
of  ethyl,  ethyl  hydride,  and  ethylene  were  formed.  The  paper  on  the 
action  of  solar  light  on  ethyl  iodide  was  read  on  November  4,  1850 
(Quart.  Journ.  Chem.  Soc,  1851,  3,  322 — 347).  The  paper  concludes 
with  a  discussion  of  the  isomerism  of  methyl  and  ethyl  hydrides  and 
a  reply  to  some  criticisms  by  Hofmann.  While  at  Putney  the  experi- 
ments  on  the  action  of  light  on  ethyl  iodide  in  the  présence  of  varions 
metals  were  commenced  and  particular  attention  was  paid  to  the  elïect 
produced  by  tin. 

In  January  1851,  Frankland  was  appointed  Professor  of  Chemistry 
at  Owens  Collège,  Manchester,  on  its  foundation,  and  immediately  after- 
wards  was  married  to  Sophie  Fick.  The  Collège  was  opened  early 
in  March,  and  a  temporary  laboratory  was  fitted  up  in  a  vacant  house 
while  the  permanent  laboratory  and  lecture-room  were  being  built. 
Thèse  were  completed  and  occupied  in  October  1851,  and  were,  at  that 
time,  the  most  conveniently  arranged  in  the  country.  The  research  on 
the  action  of  metals  on  ethyl  iodide  in  the  présence  of  light  was  com- 
pleted and  the  results  brought  before  the  Royal  Society  under  the 
title  "  On  a  New  Séries  of  Organic  Bodies  containing  Metals  ''  on 
May  10,  1852  (Phil.  Trans.,  1852,  142,  417—444).  In  this  paper 
are  described  the  organo-tin  compounds  obtained  from  the  stannethyl 
iodide,  SnEt^I^,  the  product  of  the  action  of  light  on  tin  and  ethyl 
iodide.  This  was  belle ved  to  be  a  conjugate  compound  of  tin 
and  ethyl  iodide,  and  as  in  thèse  compounds  the  métal  was  supposed 
to  retain  its  combining  power  unaltered,  it  was  expected  that  the 
stannethyl  iodide  would  combine  with  au  additional  quantiiy  of  a 
négative  élément.  Cacodyl  was  at  that  tiine  considered  to  be  a  con- 
jugate compound,  and,  as  it  was  capable  of  combining  with  chlorine 
and  oxygen,  the  same  property  was  looked  fof  in  the  case  of  the  tin 
compound  and  also  of  zinc  methyl.  The  failure  to  elïect  thèse  com- 
binations  threw  new  light  on  the  combining  powers  of  the  éléments, 
and  this  research  was  the  starting  point  of  the  theory  of  atomicity 
or  valency,  which  has  had  such  an  important  influence  on  the  progress 
of  modem  chemistry.  The  first  of  the  oi'ganic  compounds  containing 
mercury,  mercuric  methiodide,  was  also  described  in  this  paper. 

At  Manchester,  Frankland's  attention  was  naturally  drawn  to 
technical  chemistry,  and  he  delivered  a  course  of  lectures  on  this  sub- 
ject  at  Owens  Collège  extending  over  two  years.  He  also  gave 
courses  of  lectures  on  Technological  Chemistry  at  the  Royal  Institu- 
tion in  1853  and  1857.  In  the  Memoirs  of  the  Manchester  Literary 
and  Philosophical  iSociety,  2nd  fieriez,  10,  71 — 119  (January  13,  1852), 
he  published  a  long  paper,  '"  Contributions  to  the  Knowledge  of  the 
Manufacture  of  Gas,"  containing  an  investigation  of   White's  hydre- 
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carboa  process,  whicli  consistée!  in  injecting  water-gas  into  the  retorts 
in  whicli  coal  was  being  distillée!. 

Duiing  the  iavestigations  on  the  isolation  of  the  organic  radicles  and 
the  organo-metallic  bodies,  fréquent  analyses  of  gases  were  necessary, 
and  this  led  to  the  publication  in  June  1853,  in  conjunction  with  Mr. 
W.  J.  Ward,  of  the  paper  on  an  improved  apparatus  for  the  analysis 
of  gases  (Quart.  Journ.  Chem.  Soc,  1854,  6,  197 — 205).  This  apparatus, 
which  was  an  improvement  on  that  of  Regnault  and  Reiset,  is  the 
parent  of  many  other  forms  of  gas  analysis  apparatus  which  hâve 
since  been  devised. 

The  study  of  the  manufacture  of  coal  gas  and  its  illuminating 
power  gave  rise  to  the  invention  of  an  improved  gas  burner,  described 
in  Ure's  Dictionary,  7th  édition,  vol.  2,  p.  562.  In  this  burner,  the  air 
supplied  to  the  flame  passes  between  the  chimney  and  the  surrounding 
globe  before  passing  to  the  flame.  In  this  manner  both  air  and  gas 
are  heated  before  coming  in  contact,  and  the  amount  of  light  produced 
is  increased  67  per  cent.  This  burner  was  the  precursor  of  those  of 
Siemens,  Grimston  and  Bowei*,  and  Wenham.  A  similar  burner 
appears  to  hâve  been  devised  as  early  as  1840,  for  Sir  John  Robison, 
in  the  Edinhurgh  Philosopldcal  Journal,  28,  p.  299,  states  that  such  a 
burner  was  "  proposed  in  Paris  and  much  praised  in  London,"  but  he 
says  that  it  offers  no  advantage  over  a  proper  régulation  of  gas  in  an 
argand  burner. 

During  the  time  that  Frankland  was  at  Manchester  he  published 
three  more  papers  containing  results  of  the  researches  on  organo- 
metallic  bodies.  The  first  was  on  zinc  ethyl,  read  February  9,  1855 
(Fhil  Trans.,  1855,  145,  259 — 275)  ;  it  contains  a  description  of  the 
iron  digester  in  which  sealed  tubes  were  heated  in  water,  so  that  the 
external  pressvire  of  the  steam  supported  the  walls  of  the  tubes  against 
the  internai  pressure  of  the  contents  ;  the  copper  digester  for  the 
préparation  of  zinc  ethyl  on  a  lai-ge  scale  is  also  described.  The 
paper  contains  an  account  of  the  préparation  and  properties  of  zinc 
ethyl,  and  of  the  précautions  necessary  in  manipulating  this  compo'und. 
The  second  research  was  "  On  a  New  Séries  of  Organic  Acids  containing 
Nitrogen"  {Phil.  JVans.,  1857,  147,  59—78  ;  June  19,  1856).  Thisdeals 
with  the  action  of  nitric  oxide  on  zinc  ethyl  and  the  products  obtained 
from  this  reaction.  And  the  third  paper  was  on  a  new  séries  of  com- 
pounds  derived  from  ammonia  and  its  analogues,  and  published  in  the 
Proc.  Roy.  Soc,  1856—1857,  8,  502—506  (received  June  18,  1857). 
This  communication  contains  an  account  of  the  action  of  zinc  ethyl 
on  ammonia,  aniline,  diethylamine,  oxamide,  and  acetamide,  resulting 
in  the  replacement  of  hydrogen  in  thèse  compounds  by  zinc. 

On  July  20,  1857,  Fratikland  was  ajipointed  Lecturer  on  Chemistry 
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at  8t.  Bartholomew's  Hospital,  and  entered  on  lii.s  dulies  on  October  1, 
in  succession  to  Dr.  Stenhouse,  wlio  liad  lesigned  in  conséquence  of  ill 
health.  In  1859,  he  became  Lecturer  on  Chemistry  and  Physics  at 
Addiscombe,  and  on  May  4,  1863,  he  succeeded  Faraday  as  Fullerian 
Professer  of  Chemistry  at  the  Ptoyal  Institution.  He  held  thèse 
three  appointments  simultaneously  during  more  than  a  year,  for 
he  retired  from  St.  Bartholomew's  ou  July  12,  186-1,  and  shortly 
afterwards  the  Military  Collège  was  abolished. 

The  work  at  St.  Bartholomew's  left  more  time  for  research  than 
was  available  at  Owens  Collège,  and  the  investigations  of  the  organo- 
metallic  bodies  progressed,  a  note  on  sodium  ethyl  and  potassium 
ethyl  being  published  in  1858,  and  the  Bakerian  lecture  entitled 
"  Researches  on  Organo-metallic  Bodies  "  being  deîivered  at  the 
Royal  Society  in  1859.  Sodium  and  potassium  ethyl  were  discovered 
by  Mr.  Wanklyn,  and  in  the  note  above  mentioned  {Proc.  Roy.  Soc, 
1857 — 1859,  9,  345 — 347)  Frankland  explains  lus  failure  to  obtain 
thèse  compounds  by  the  action  of  sodium  and  potassium  ou  ethyl 
iodide  iu  his  earlier  experiments.  Although  action  takes  place 
betweeu  thèse  substances,  the  products  are  merely  metallic  iodides 
and  a  mixture  of  ethylene  and  ethyl  iodide.  This  was  found  to  be  due 
to  the  fact  that  sodium  ethyl  and  ethyl  iodide  mutually  décompose  one 
another  at  the  lommon  température  with  formation  of  sodium  iodide 
and  a  mixture  of  ethyl  hydride  and  ethylene. 

The  Bakerian  lecture  {Phil  Trans.,  1860,  149,  401)  deals  with 
f  urther  investigations  on  the  tin,  mercury,  and  zinc  compounds.  Pure 
stannic  ethyl,  SnEt^,  was  obtained  by  the  action  of  zinc  ethyl  on  stann- 
cthyl  iodide,  SnEtgl.,,  and  it  was  found  to  be  incapable  of  further  com- 
bination,  showing  that  in  this  compound  the  combining  powers  of  the 
tin  are  quite  satisfied.  lodine,  however,  acts  on  it,  replacing  some  of 
the  ethyl  by  iodine.  By  the  action  of  hydrochloric  acid,  stannic  triethyl 
chloride,  SnEtoCl,  is  formed  with  évolution  of  ethyl  hydride.  Stannic 
diethodi-iodide,  by  the  action  of  zinc  methyl,  gave  stannic  dietho- 
dimethide,  which,  under  the  influence  of  iodine,  gave  distannic  tetr- 
ethodi-iodide,Sn.,Ft^Io,  with  séparation  of  methyl  iodide.  Attempts  were 
made  to  produce  mercuric  ethomethide  by  the  action  of  zinc  ethyl  on 
mercuric  methiodide,  HgMel,  but  without  success,  the  products  being 
mercuric  ethide,  zinc  methyl,  and  zinc  iodide.  Mercuric  metho- 
chloride,  when  acted  on  by  zinc  ethyl,  gave  a  product  the  composition 
of  which  appioached  that  of  mercuric  ethomethide,  but  by  distillation 
it  appeared  to  separate  into  mercuric  ethide  and  mercuric  methide. 
Attempts  to  produce  zinc  ethomethide  were  also  unsuccessful.  The 
préparation  of  pure  zinc  methyl  on  a  large  scale  by  the  action  of 
au  ethereal  solution  of  methyl  iodide  in  the  copper  digester  resulted  in 
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the  forinatiou  of  a  molecular  compouud  of  zinc  methyl  with  ether,  and 
when  methyl  ether  was  substituted  for  etliyl  ether  an  analogous  com- 
pound  was  produced. 

While  Frankland  was  at  St.  Bartholomew's,  he  became  acquainted 
with  Baldwin  Francis  Duppa,  who  had  been  a  student  of  Hofmann's, 
and  went  to  St.  Bartholomew's  to  learn  gas  analysis.  They  soon 
became  associated  in  original  research,  and  the  first  paper  they  pvib- 
lished  appears  to  be  a  short  one  on  boric  ethide  [Proc.  Roy.  Soc,  1860, 
10,  568—570),  presented  to  the  Koyal  Society  on  July  7,  1860.  The 
compound  was  prepared  by  the  action  of  zinc  ethyl  on  ethyl  borate  ; 
this  paper  was  merely  a  preliminary  communication,  the  detailed 
descrij^tion  of  thèse  researches  being  published  in  1862.  On  June  7, 
1860,  Frankland  gave  a  lecture  to  the  Chemical  Society  on  organo- 
metallic  bodies.  It  is  published  in  the  Journal,  1861,  13,  177 — 235, 
and  describes  the  work  done  up  to  that  period. 

About  this  time  he  undertook  some  experiments  in  physical 
chemistry.  A  short  note  dated  November  7,  1861,  was  published  in 
the  rhil.  Mag.,  1861,  22,  472—473,  on  the  blue  band  in  the  lithium 
spectrum,  which  had  not  been  observed  by  Bunsen  and  KirchhofF, 
and  which  he  showed  was  due  to  increase  of  température. 

On  the  20th  and  21st  of  August  1859,  Frankland  and  Tyndall 
ascended  Mont  Blanc  for  the  purpose  of  making  scientific  experiments. 
They  made  préparations  for  remaining  a  week  upon  the  mountain, 
and  started  with  a  large  party  of  26  porters,  to  carry  provisions  and 
instruments, and  3  guides.  On  the  night  of  the  20th  they  slept  at  the 
Grands  Mulets,  and  on  the  21st  they  slept  in  a  tent  about  12  feet 
below  the  summit  of  the  ridge.  Most  of  the  portei-s  having  returned 
to  Chamounix,  the  party,  consisting  of  1 1  persons,  was  the  first  to  pass 
the  night  on  the  summit  of  Mont  Blanc.  On  the  following  morning, 
Tyndall  erected  a  post  to  which  maximum  and  minimum  thermometers 
were  fixed,  and  also  made  some  observations  on  solar  radiation,  while 
Frankland  coUected  some  air  for  analysis  and  also  determined  the  rate 
of  combustion  of  six  stearin  candies.  He  found  that  the  loss  of  weight 
of  each  candie  was  9-2  grams  per  hour,  while  at  Chamounix  he  had 
found  that  9 '4  grams  per  hour  were  consumed,  showing  that  the  rate 
of  combustion  at  the  two  différent  levels  was  practically  the  same. 
The  party  returned  to  Chamounix  on  the  same  day.  The  analysis  of 
the  air  from  Mont  Blanc  was  described  in  a  paper  read  to  the  Chemical 
Society  on  February  2,  1860,  and  published  in  the  Journal,  1860,  13, 
22—30. 

The  experiments  on  the  rate  of  combustion  of  candies  on  the  summit 
of  Mont  Blanc  led  to  a  long  expérimental  investigation  on  the 
influence  of  atmospheric  pressure  upon  some  of  the  phenomena  of 
combustion,  an  account  of  which  was  read  before  the  Royal  Society  on 
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June  20,  1861,  and  is  printed  in  the  Phil.  Trans.,  18G2,  151,  629—653. 
It  was  not  found  practicable  to  détermine  experimentally  the  quantity 
of  candie  burnt  in  air  at  différent  pressures,  for  the  observations  were 
seriously  interfered  with  by  the  heating  of  the  enclosing  apparatus  ; 
in  the  only  experiment  recorded,  the  (juantity  of  stearin  consumed  in 
air  at  a  pressure  of  9  inches  was  more  than  15  per  cent,  greater  than 
that  burnt  at  the  ordinary  pressure.  It  had  been  observed  by  Quarter- 
master  Mitchell  that  time-fuses  used  at  high  altitudes  bvirnt  for  a 
longer  time  than  those  used  at  sea  level  ;  experiments  were  tried  by 
Connecting  a  time-fuse  to  an  iron  tube  in  Avhich  the  atmospheric  pres- 
sure could  be  reduced,  and  the  results  fully  confirmed  those  obtained 
by  Mitchell,  the  rapid  removal  of  the  gases  produced  by  the  combus- 
tion of  the  gunpowder  apparently  cooling  the  next  layer  of  the 
combustible  and  thus  retarding  the  action.  It  was  found  that  the 
rate  of  combustion  of  the  fuse  was  reduced  one-thirtieth  for  each 
diminution  of  one  inch  of  the  barometric  pressure. 

Experiments  were  tried  on  the  amount  of  light  produced  by  the 
combustion  of  candies  in  air  of  reduced  pressure,  but  the  results  were 
not  satisfactory  owing  to  the  irregularity  of  the  combustion.  An 
apparatus  was  constructed  by  means  of  which  the  light  of  a  gas  flame 
burning  0  65  cubic  feet  an  hour  could  be  compai-ed  with  a  similar 
flame  burning  the  same  quantity  of  gas  in  an  enclosed  space  through 
which  a  current  of  air  at  reduced  pressure  was  passing.  The  pressures 
varied  from  6 '6  inches  to  the  ordinary  barometric  pressure,  and  it  was 
found  that  the  curve  representing  the  amount  of  light  produced  is 
practically  a  straight  line  between  30  inches  and  14  inches  pressure, 
there  being  a  diminution  of  approximately  5'1  per  cent,  of  the  lumino- 
sity  at  30  inches  for  each  réduction  of  1  inch  of  pressure.  Below 
14  inches  pressure,  the  diminution  of  light  proceeds  at  a  less  rapid 
rate.  Experiments  were  also  made  on  the  increase  of  luminosity  on 
increasing  the  pressure.  Difficulties  were  encountered  at  this  stage, 
for  ail  ordinary  combustibles  give  smoky  fiâmes  on  a  comparatively 
slight  increase  of  pressure.  A  lamp  containing  amyl  alcohol  was  used 
from  the  ordinary  pressure  to  about  2  atmosphères  ;  at  a  slightly  higher 
pressure,  the  flame  began  to  smoke.  The  increase  of  light  obeyed 
approximately  the  same  law  as  was  found  tô  represent  the  change  of 
luminosity  under  reduced  pressure.  A  lamp  supplied  with  a  mixture 
of  five  parts  of  common  alcohol  with  one  of  amyl  alcohol  could  be  used 
up  to  a  pressure  of  4  atmosphères,  but  the  luminosity  increased  much 
more  quickly  than  calculated  by  the  law. 

On  May  22,  1862,  Frankland  read  a  paper  before  the  Royal  Society  on 
"  A  New  Séries  of  Organic  Compounds  containing  Boron  "  [Phil.  Trans., 
1863, 152, 167 — 183).  In  this  paper  he  récapitulâtes  the  work  pre^'iously 
published  in  conjunctiou  with  Duppa  and  describes  the  préparation  of 
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boric  ethide,  BEtg,  the  action  of  hydrocliloric  acid  on  it  with  formation 
of  boric  diethochloride,  BEt^Cl,  and  the  compound  with  ammonia, 
NHgjBEtg.  Boric  ethide  by  action  of  oxygen  gives  boric  ethodiethylate, 
BEt(EtO)2,  which  is  decomposed  by  water  into  alcohol  and  boric  etho- 
dihydrate,  BEt(HO)o.  He  proves  that  the  action  of  zinc  ethyl  on 
boric  ether  is  not  the  simple  removal  of  oxygen,  as  suggested  by 
Kekulé,  but  is  the  replacement  of  the  ethoxyl  by  ethyl,  for,  when 
boric  ether  is  acted  on  by  zinc  methyl,  the  gaseous  boric  methide, 
BMeg,  is  formed,  the  ethoxyl  of  the  ether  being  replaced  by  methyl. 
Boric  methide,  like  the  ethide,  forms  a  volatile  compound  with  am- 
monia, and  combines  also  with  the  hydrates  of  the  alkali  and  alkaline 
earth  metals. 

On  May  20,  1862,  there  appeared  in  the  Journal  of  Gas  Lighting  a 
paper  by  Frankland  "  On  the  Ignibing  Point  of  Coal  Gas,"  which  was 
reprinted  in  the  Journ.  Chem.  Soc,  1863,  1,  398 — 403.  He  determined 
the  inflaming  point  of  the  principal  constituents  of  coal  gas,  and 
found  that  the  vapour  of  carbon  disulphide  inflames  at  about  150°, 
hydrogen  at  the  température  of  an  iron  rod  heated  to  i-edness  in  day- 
light,  carbonic  oxide  at  a  higher  température,  marsh  gas  and  olefiant 
gas  at  still  higher  tempei'atures.  A  mixture  of  carbonic  oxide  with 
3  par  cent,  of  carbon  disulphide  vapour  inflamed  at  about  175°,  and  a 
mixture  of  hydrogen  and  3  per  cent,  of  carbon  disulphide  vapour  at 
215°.  The  inflaming  point  of  olefiant  gas  was  not  lowered  by  admixture 
of  carbon  disulphide,  and  the  présence  of  a  small  quantity  of  olefiant 
gas  very  much  raised  the  inflaming  points  of  mixtures  of  carbonic 
oxide  with  carbon  disulphide  vapour  and  of  hydrogen  with  the  same 
vapour.  Marsh  gas  was  not  inflamed  by  sparks  from  flint  and  steel, 
although  such  sparks  easily  inflame  hydrogen  and  coal  gas.  He 
points  out  that  Davy  lamps  must  be  used  very  caubiously  in  mixtures 
of  air  and  coal  gas. 

About  this  time,  Frankland's  attention  was  occupied  by  the  synthesis 
of  organic  compounds  by  the  use  of  zinc  ethyl,  and  on  January  15, 
1863,  a  paper  was  read  before  the  Royal  Society  on  the  synthesis  of 
leucic  acid  {Proc.  Roy.  Soc,  1862—1863,  12,  396—398).  When  zinc 
ethyl  and  ethyl  oxalate  are  mixed,  an  energetic  action  takes  place  ;  if 
the  product  is  mixed  with  water  and  distilled,  a  liquid  passes  over  of  the 
same  composition  as  that  of  the  ethyl  sait  of  leucic  acid,  an  acid  obtained 
by  Strecker  by  the  action  of  nitrous  acid  on  leucin.  The  ethereal  sait  is 
the  resuit  of  replacing  one  atom  of  oxygen  in  ethyl  oxalate  by  two  semi- 
molecules  of  ethyl,  and  was  called  ethyl  diethoxalate.  In  conjunction 
with  Duppa,  Frankland  afterwards  found  tliat  leucic  acid  is  isomeric, 
but  not  identical,  with  diethoxalic  acid.  This  was  the  first  member  of  the 
lactic  séries  which  was  obtained  artificially,  and  its  discovery  led  to  a 
séries  of  investigations  by  Frankland  and  Duppa  on  the  acids  of  the 
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lactic  and  acrylic  séries.  In  a  séries  of  notes  présentée!  to  the  Royal 
Society,  the  authors  recorded  the  progress  of  their  work.  Thèse  papers 
were  entitled  "  Notes  of  Researches  on  the  Acids  of  the  Lactic  Séries." 
No.  1  is  "On  the  Action  of  Zinc  upon  a  Mixture  of  lodide  and  Oxalate 
of  Methyl  "  {Froc.  Roy.  Soc,  1864,  13,  140—142).  No.  2,  "  Action  of 
Zinc  upon  a  Mixture  of  lodide  of  Ethyl  and  Oxalate  of  Methyl" 
[1864]  {Froc.  Roy.  Soc,  1865,  14,  17—19).  No.  3,  "Action  of  Zinc 
Ethyl  on  Ethylic  Leucate  "  {Proc  Roy.  Soc,  1865,  14,  79—83).  No.  4, 
"  Action  of  Zinc  upon  Oxalic  Ether  and  the  lodides  of  Methyl  and 
Ethyl  mixed  in  Atomic  Proportions"  {Proc  Roy.  Soc,  1865,  14, 
83 — 86).  No.  5,  "  Action  of  Zinc  upon  a  Mixture  of  Ethyl  Oxalate  and 
Amyl  lodide"  {Proc  Roy.  Soc,  1865,  14,  191—198).  Thèse  papers 
were  read  between  February  18,  1864,  and  April  27,  1865. 

On  June  15,  1865,  the  authors  read  a  paper  at  the  Chemical  Society 
entitled  "  Transformation  of  the  Lactic  into  tho  Acrylic  Séries  of  Acids  " 
(Journ.  Chem.  Soc,  1865,  13,  133 — ^156),  in  which  they  showed  that 
the  ethereal  salts  of  the  acids  of  the  lactic  séries,  which  they  had  pro- 
duced  by  synthesis,  were  transformed  by  the  action  of  phosphorous 
chloride  into  ethereal  salts  of  acids  of  the  acrylic  séries,  and  that  the 
acids  of  the  acrylic  séries  obtained  from  thèse  esters  when  heated  with 
caustic  potash  gave  two  acids  of  the  acetic  séries.  From  the  results 
obtained,  the  constitution  of  the  acids  of  the  acrylic  or  oleic  séries 
obtained  artiticially,  and  that  of  some  of  the  natural  oleic  acid?,  was 
determined. 

The  joint  authors  read  a  paper  before  the  Royal  Society  on 
April  27,  1865,  "Notes  of  Synthetical  Researches  on  Ethers.  No.  1. 
Synthesis  of  Butyric  and  Caproic  Ethers  from  Acetic  Ether  "  {Froc  Roy. 
Soc,  1865,  14,  198 — 204),  and  on  July  13  they  forwarded  another 
paper,  which  was  read  on  November  16,  1865,  "Synthetical  Researches 
upon  Ethers.  l.  Synthesis  of  Ethers  fi'om  Acetic  Ether"  {Proc.  Roy. 
Soc,  1865,  14,  458—464,  and  Fhil.  Trans.,  1866,  156,  37—72). 
In  thèse  papers,  they  describe  the  results  of  the  consécutive  action  of 
sodium  and  ethyl  and  methyl  iodides  on  ethyl  acétate,  by  which  they 
obtained  butyric  and  caproic  ethers,  sodic  and  disodic  acetic  ethers,  the 
carl)oketonic  ethers,  and  the  ketones  prepared  from  them.  This  paper 
concludes  withtheoretical  considérations  on  the  constitution  andchemical 
relations  of  the  ethereal  salts  and  ketones  derived  from  the  duplication 
of  the  molécule  of  ethyl  acétate,  and  on  the  constitution  oi  the  fatty 
acids,  in  which  it  is  shown  that  the  fatty  acids  may  be  regarded  as 
containing  the  négative  group  CO(OH)  united  to  a  positive  radicle, 
either  hydrogen  or  metliyl,  or  methyl  with  one  or  more  atoms  of  the 
hydrogen  replaced  by  other  positive  groups.  It  is  also  pointed  out  for 
the  first  time  how  numerous  are  the  isomeric  moditications  of  the  fatty 
acids  which  are  possible  by  varying  the  constitution  of  the  positive  radicle. 
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In  August  1865,  Frankland  liad  intenrled  accompanyiog  his 
brother-in-law,  Professer  Fick,  and  Professer  Wislicenus  in  their 
expédition  to  the  Faulhorn,  where  tliey  iotended  to  institute  some 
experiments  on  the  origin  of  muscular  power.  The  weather  was 
nnpropitious  and  Frankland  had  to  leave  Geneva,  where  he  was 
waiting  for  his  colleagues  ;  they,  however,  carried  out  the  experiments 
a  fortnight  later  in  liis  absence.  The  inethod  adopted  was  to  climb 
the  mountain  after  having  abstained  for  about  18  hours  from  albumin- 
oid  food,  and  by  the  détermination  of  the  amoiint  of  urea  excreted  they 
hoped  to  obtain  évidence  that  the  work  performed  resulted  from  the 
oxidation  of  muscle.  It  was  found,  however,  that  the  measured  work 
far  exceeded  that  which  could  hâve  been  performed  by  the  oxidation 
of  the  muscle  and  that  the  energy  must  therefore  hâve  been  partly 
supplied  by  the  non-nitrogenous  food  that  they  had  consumed. 

Frankland  undertook  to  détermine  the  amount  of  beat  produced  by 
the  combustion  of  varions  food  materials  and  the  experiments  were 
carried  out  by  nieans  of  Lewis  Thompson' s  calorimeter,  the  organic 
substances  being  burnt  under  Avater  by  means  of  a  mixture  of 
potassium  chlorate  and  potassium  nitrate.  From  the  quantity  of 
energy  produced  by  the  combustion  of  the  food,  it  was  shown  that  the 
source  of  the  muscvilar  power  was  not  the  muscle  that  was  wasted, 
but  the  Carbon  and  hydrogen  of  the  food  that  was  oxidised  in  the 
body,  and  thus  served  as  fuel,  the  muscle  acting  merely  as  the 
machine  which  lendered  the  energy  available.  The  results  of  this 
reïearch  were  published  in  a  paper  in  the  Fhilosophical  Magazine,  1866, 
32,  182 — 199.  Frankland  also  gave  a  lecture  on  the  subject  at  the 
Eoyal  Institution  on  Friday  evening,  June  8,  1866. 

Meanwhile  the  organo-metallic  bodies  were  not  neglected,  for  on 
November  19,  1863,  Frankland  and  Duppa  read  a  paper  before  the 
Chemical  Society  "  On  a  New  Method  of  producing  the  Mercury 
Compounds  of  the  Alcohol  Iladicles  "  (Journ.  Chem.  Soc,  1863,  1, 
415 — 425),  in  which  they  showed  that  when  the  iodides  of  methyl, 
ethy],  and  amyl,  mixed  with  a  small  quantity  of  ethyl  acétate,  are 
brought  into  contact  with  sodium  amalgam  at  the  ordinary  température, 
the  corresponding  mercury  compounds  are  formed  ;  and  on  December  3, 
1863,  another  paper  was  read  at  the  Chemical  Society  "On  a  New 
Réaction  for  the  Production  of  the  Zinc  Compounds  of  the  Alcohol 
Radicles"  (Journ.  Chem.  Soc,  1864,  2,  29 — 36),  describing  the  action 
of  zinc  on  mercuric  methide,  ethide,  and  amylide,  by  which  the  zinc 
methyl,  zinc  ethyl,  and  zinc  amyl  were  readily  obtained  in  a  state  of 
purity. 

On  February  14,  1866,  the  authors  sent  to  the  Eoyal  Society  a  paper 
on  "  Researches  on  Acids  of  the  Lactic  Séries.  No.  1.  Synthesisof  Acids 
of  the  Lactic  Séries,"  which  was  read  on  March  1,  1866  {Froc.  Roy. 
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Soc,  1867,  15,  25—28  ;  Phil.  Trans.,  1866,  156,  309—360).  This  paper 
includes  the  vesnlts  of  the  five  notes  read  between  February  18,  1864, 
and  April  27,  1865,  entering  more  fully  into  the  subject  and  giving 
analyses  of  the  products.  In  the  theoretical  considérations  which 
conclude  this  paper,  they  propose  the  name  of  oxatyl  for  the  compound 
radicle  CO(OH),  it  being  the  radicle  of  which  oxalic  acid  is  the  iso- 
lated  molécule.  They  show  that  this  radicle  exists  in  almost  ail 
organic  acids  and  that  it  is  to  this  radicle  that  thèse  compounds  owe 
their  acidity,  hence  the  expression  "  An  organic  acid  containing 
n-semimolecules  of  oxatyl  is  %-basic."  Thus,  they  consider  lactic  acid 
to  be  a  monobasic  acid,  a  matter  which  had  been  previously  much 
contested.  They  divide  the  lactic  acids  into  eight  chisses  and  explain 
the  reasons  for  this  classification.  In  a  note  they  advise  chemists  to 
use  Crum  Brown's  graphie  formulée,  a  recommendation  which  has  been 
almost  universally  followed,  and  by  means  of  such  formulée  they  ex- 
plain the  isomerism  in  the  lactic  séries.  They  also  deal  with  the 
proximate  analysis  of  the  acids  of  the  lactic  séries  by  which  they 
ascertain  the  présence  of  the  varions  radicles  in  the  acids. 

In  September  1866,  Frankland  communicated  to  the  Chemical 
Society  "Contributions  to  the  Notation  of  Organic  and  Inorganic 
Compounds  "  (Journ.  Chem.  Soc,  1866,  4,  372—395).  The  study  of 
organic  compounds  and  the  elueidation  of  their  constitution  by  means 
of  graphie  formulée  led  him  to  devise  a  system  of  symbolic  notation 
which  would  represent  the  same  ideas  as  were  conveyed  by  the  graphie 
formulée.  By  employing  symbols  to  represent  compound  radicles,  as 
Ho  for  (OH),  Ko  for  (OK),  Bao"  for  (0,.Ba).  Me  for  (CHg),  &c.,  and 
constructing  the  formula  of  a  compound  by  placing  the  symbol  of  the 
binding  or  grouping  élément  (printed  in  thick  type)  before  the  symbols 
of  the  éléments  and  compound  radicles  to  which  it  is  combined,  and 
by  using  a  bracket  to  show  that  the  éléments  whose  symbols  are  next 
to  the  bracket  are  directly  combined,  it  is  possible  to  represent  the 
constitution  of  compounds  whether  inorganic  or  organic. 

Thus,  ammonic  chloride  and  nitrate  are  represented  by  NH^Cl, 
NOgAmo.  Sulphuric  acid,  the  sulphates  of  potassium  and  barium  by 
SO2H02,  SO2K02,  SOoBao".  Ferrie  sulphate  by  SgO^Fe^o^'.  Alcohol 
and  acetic  acid  by    {  «gs^^,  {  °H|j„.      Lactic  acid  b/|  gM^HH„_ 

rco  Ho 

and  tartaric  acid  by  (  ptttt  .  '^c-     It  is  obvions  that   thèse  formulai 

IcOHo 
can  be  at  once  ti\ansformed  into  graphie  formula)  if  required. 

On  January  17,  1867,  Frankland  and  Duppa  read  a  paper  before 
the  Chemical  Society  on  "  Synthetical  Reseavçhes  on  Ethers.     No,  2. 
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Action  of  Sodium  and  Isopropyl  Todide  npon  Ethylic  Acétate  "  (Journ. 
Chem,  Soc,  1867,  5,  102 — 116).  The  results  of  this  action  were  found 
to  be  quite  analogous  to  those  obtained  with  the  other  iodides. 

During  the  time  that  Frankland  was  at  the  Royal  Institution,  he 
was  engaged  in  pi'ofessional  work  which  brought  him  in  contact  with 
many  problems  of  an  économie  nature.  Thus,  in  1859,  when  the  con- 
dition of  the  Thames  in  London  became  very  offensive,  he  and  Dr. 
Hofmann  were  requested  by  the  Metropolitan  Board  of  Works  to 
examine  varions  proposais  which  had  been  made  for  the  deodorisation 
of  sewage,  and  when,  in  1865,  he  succeeded  Dr.  A.  W.  Hofmann  as 
Professor  of  Chemistry  at  the  Royal  School  of  Mines,  he  continued  the 
reports  on  the  monthly  analyses  of  the  metropolitan  waters  which  had 
been  commenced  a  short  time  previously  at  the  Royal  Collège  of 
Chemistry.  He  became  much  interested  in  the  water  supply  of  towns 
and  he  read  a  paper  before  the  Chemical  Society  on  Mardi  15,  1866, 
on  "  The  Water  Supply  of  the  Metropolis  during  the  Year  1865 — 1866  " 
(Journ.  Chem.  Soc,  1866,  4,  239—248).  This  led  him  to  investigate 
the  methods  in  use  for  the  analysis  of  water,  and  on  Januaiy  16,  1868, 
he  delivered  a  lecture  before  the  Chemical  Society  "  On  the  Analysis 
of  Potable  Waters"  (Journ.  Chem.  Soc,  1868,  6,77—108).  In  this 
lecture,  the  investigations  on  water  analysis,  made  in  conjunction  with 
Dr,  H.  E.  Armstrong,  are  fully  dealt  with,  and  descriptions  are  given  of 
the  processes  which  they  suggest  for  a  more  trustworthy  analysis  of 
waters.  The  organic  carbon  and  nitrogen  are  determined  by  combus- 
tion of  the  solid  residue  from  the  water  with  lead  chromate  and  oxide 
of  copper,  the  combustion  being  carried  out  in  a  tube  previously 
exhausted  by  a  Sprengel  pump,  and  from  which  the  resulting  carbon 
dioxide  and  nitrogen  are  removed  by  the  same  pump  and  the  gases 
measured.  The  manipulations  necessary  for  this  process  and  for  the 
détermination  of  nitrogen  in  the  state  of  ammonia  and  of  nitrates  and 
nitrites  are  given  in  détail  and  the  objections  to  other  methods  are 
stated.  This  paper  was  succeeded  by  another  "  On  a  Simple  Apparatus 
for  determining  the  Gases  Incident  to  Water  Analysis"  (Journ.  Chem. 
Soc,  1868,  6,  109 — 120).  This  is  a  simplification  of  the  gas  analysis 
apparatus  previously  described  in  1853. 

In  1868,  Frankland  was  appointed  a  member  of  the  Royal  Com- 
mission to  inquire  into  the  Best  Means  of  preventing  the  Pollution  of 
Rivers.  A  laboratory  was  fitted  up  in  Victoria  Street,  Westminster, 
in  which  a  large  amount  of  expérimental  work  was  carried  on  under 
the  supervision  of  the  late  Mr.  W.  Thorp,  The  work  was  continued 
until  1874,  and  six  voluminous  reports  were  issued  by  the  Com- 
mission during  this  period. 

In  Mai-ch  1867,  Frankland  gave,  at  the  Royal  Institution,  a  course 
of  lectures  on  coal  gas,  in  which  he  stated  that  some  experiments  had 
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led  him  to  doubt  the  correctness  of  Sir  Humphry  Davy's  theory  that 
the  light  of  gas  and  candie  fiâmes  is  due  to  the  incandescence  of  solid 
particles  in  the  fiâmes,  and  in  a  paper  read  before  the  Royal  Society 
on  June  11,  1868,  "On  the  Combustion  of  Hydrogen  and  Carbonic 
Oxide  in  Oxygen  under  Great  Pressure  "  (Proc.  Roy.  Soc,  1868,  16, 
419 — 422),  he  shows  that  there  ai'e  many  luminous  fiâmes  which 
cannot  possibly  contain  solid  matter,  such  as  those  produced  by  the 
combustion  of  arsenic  and  phosphorus  in  oxygen,  the  température 
produced  by  the  combustion  being  more  than  suflicient  to  retain  the 
products  of  combustion  in  the  gaseous  condition.  He  attributes  the 
luminosity  to  the  incandescence  of  the  dense  vapours  présent  in  the 
flame.  A  jet  of  hydrogen  one  inch  long  gives  very  little  light  when 
burnt  in  oxygen  at  the  ordinary  pressure,  but  when  the  pressure  is 
raised  to  10  atmosphères  a  white  fiame  is  produced,  which  is  sutficiently 
bright  to  enable  one  to  read  a  newspaper  at  the  distance  of  two  feet 
from  the  flame,  and  the  spectrum  of  the  flame  is  continuons  from  red 
to  violet.  The  spectrum  of  carbonic  oxide  burning  in  oxygen  at  a 
pressure  of  fourteen  atmosphères  is  very  brilliant  and  quite  continuons. 
When  sparks  fi'om  an  induction  coil  are  passed  through  hydrogen, 
oxygen,  chlorine,  and  sulpburous  anhydride,  the  brilliancy  of  the 
spai'ks  increases  with  increase  of  density  of  the  gas.  On  June  12, 
1868,  a  lecture  was  given  on  this  subject  at  the  Royal  Institution 
(Proc.  Roy.  InsL,  1869,  6,  419—423). 

About  1868,  Mr.  J.  Norman  Lockyer  was  working  at  the  Royal 
Collège  of  Chemistry,  and  three  short  papers  were  published  by  the 
joint  authors  in  1869.  The  first  was  read  at  the  Royal  Society  on 
February  11,  1869,  "  Preliminary  Note  of  Researches  on  Gaseous 
Spectra  in  relation  to  the  Physical  Constitution  of  the  Sun  "  {Proc. 
Roy.  Soc,  1869,  17,  288—291).  They  found  that  the  line  seen  near 
D  in  the  spectrum  of  the  chi'omosphere,  af  terwards  known  as  the  hélium 
line,  was  not  due  to  hydrogen,  that  the  widening  of  the  green  line  i^at 
the  lower  portion  of  the  chromosphere  was  due  to  increase  of  pressure, 
and  that  the  gas  at  the  upper  portion  of  the  chromosphere  must  be  in 
a  state  of  excessive  tenuity.  They  also  suggest  that  the  photosphère 
of  the  Sun  does  not  consist  of  solid  or  liquid  matter,  but  of  gas  of 
sufficient  density  and  température  to  produce  a  continuons  spectrum. 
The  second  note  was  read  on  June  10,  1869,  "  Researches  on  Gaseous 
Spectra  in  relation  to  the  Physical  Condition  of  the  Sun,  Stars,  and 
Nebul*.  Second  Note  "  {Proc.  Roy.  Soc,  1869,  17,  453—454),  and 
deals  principally  with  the  spectra  of  hydrogen  and  nitrogen,  which 
are  each  reduced  to  single  lines  in  the  green  when  the  température  is 
reduced.  The  third  note,  with  the  same  title,  was  communicated  on 
July  14,  1869  {Proc  Roy.  Soc,  1870,  18,  79—80)  ;  it  deals  principally 
with   the  spectrum  of  magnésium,  some  of    the  lines  in  which  are 
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shorter  tlian  others,  both  when  magnésium  is  projected  into  the 
chromosphere  aiid  when  sparks  are  produced  between  pôles  of 
magnésium. 

On  February  2,  1871,  Frankland  read  a  paper  before  the  Chemical 
Society  on  "The  Development  of  Fungi  in  Potable  Waters  "  (Journ. 
Chem.  Soc,  1871,  9,  66—76).  This  refers  to  the  test  for  purity  of 
potable  water  suggested  in  the  previous  year  by  Mr.  Heisch,  which 
consisted  in  dissolving  in  the  water  a  small  quantity  of  pure  sugar 
and  keeping  the  solution  for  some  days  in  a  warm  place  :  if  the 
water  was  contaminated,  a  fungus  was  found  to  be  produced. 
Frankland  tried  many  experiments  with  this  test,  and  found  that  the 
présence  of  a  phosphate  was  necessary  for  the  growth  of  the  fungus, 
whatever  the  source  from  which  the  water  was  obtained. 

On  February  17,  1876,  another  lecture  was  delivered  at  the  Chemical 
Society  "  On  Some  Points  in  the  Analysis  of  Potable  Waters  "  (Journ. 
Chem.  Soc,  1876,  i,  825 — 851),  giving  the  results  of  eight  years' 
expérience  of  the  methods  described  in  1868,  together  with  fui'ther 
détails  of  manipulation.  The  term  "  previous  sewage  contamination," 
which  had  been  adversely  criticised,  was  defended.  The  variations  in  the 
condition  of  the  London  waters  are  shown  by  diagrams,  and  objections 
are  raised  to  other  methods  of  water  analysis  in  vogue  at  that  period. 

In  1876,  Frankland  returned  to  the  study  of  the  organo-boron 
compounds,  and  on  June  15  he  read  before  the  Royal  Society  a  paper 
on  organo-boron  compounds  {Proc.  Roy.  Soc,  1877,  25,  165 — 168). 
He  gave  another  method  of  preparing  boric  ethide  by  passing  the 
vapour  of  boric  chloride  into  zinc  ethyl.  By  the  action  of  two 
molécules  of  boric  ethylate  on  one  of  zinc  ethyl,  he  obtained  diboric 
ethopenthylate,  a  liquid  boiling  at  about  112°  and  distilling  unchanged. 
This  bas  the  composition  of  a  compound  of  boric  ethylate  with  boric 
etho-diethylate,  and  it  appears  to  dissociate  into  thèse  compounds  when 
volatilised,  for  the  vapour  density  is  only  one-half  of  the  theoretical. 
It  probably  contains  two  atoms  of  pentad  boron  united  together  by 
two  bonds  of  each,  forming  a  hexad  group,  with  which  one  semi- 
molecule  of  ethyl  and  five  of  ethoxyl  are  combined.  Ammonia-boric 
methide,  previously  discovered,  may  bave  a  similar  constitution,  the 
pentad  nitrogen  and  boron  being  united  by  two  bonds  of  each,  and 
the  hexad  group  combined  with  three  atoms  of  hydrogen  and  three 
semimolecules  of  methyl.  Boric  diethethylate,  boric  diethohydrate, 
and  boric  ethethylate-hydrate  are  also  described  in  this  paper. 

The  foregoing  account  by  no  means  includes  ail  the  papers  that 
Frankland  published,  but  it  contains  the  most  important,  almost  ail  of 
them  containing  discoveries  whicli  hâve  had  a  great  influence  on  the 
progressof  science;  manyof  the  remaining  papers  are  continuations  of 
the  work  done  in  earlier  years, 
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Frankland  was  an  excellent  manipulator  ;  his  early  researches 
required  such  careful  experiment,  and  were,  of  course,  carried  ont 
without  the  help  of  otbers,  that  lie  acquireJ  great  facility  in  manipu- 
lation. Even  after  circumstances  had  placed  at  his  disposai  the  assist- 
ance of  students  and  other  co-workers,  he  still  continued  to  do  a  large 
amount  of  work  with  his  own  hands.  He  took  great  care  in  expeii- 
mentally  illustrating  his  lectures  and  devised  a  large  number  of 
striking  experimeots,  many  of  which  are  still  used  by  lecturers,  but 
their  origin  bas  been  forgotten.  His  retiring  character  was  so 
marked  that  even  those  who  were  in  fréquent  contact  with  him  heard 
very  little  from  his  lips  of  what  he  had  previously  accomplished,  and  it 
was  only  from  his  published  work  that  they  learnt  the  extent  of  his 
early  successes.  He  was  always  kind,  considerate,  and  helpful  to  his 
students  and  assistants. 

Sir  Edward  Frankland  in  his  l'îiutobiography  tells  us  that  in  his 
youngest  days  he  was  very  fond  oi  books  of  travel,  but  that  he  had 
not  any  opportunity  of  going  beyond  a  short  distance  from  home  until, 
at  the  âge  of  17,  he  spent  a  week  in  Cumberland  and  Westmoreland. 
In  1845  he  came  from  Lancaster  to  London,  in  1847  he  went  to 
Marburg,  crossing  from  Dover  to  Ostend,  and  by  the  Rhine  to 
Mayence,  and  on  to  Frankfort  and  Marburg.  Tyndall  and  he  went 
to  Paris  to  spend  their  summer  vacation  in  1848,  and  he  was  there 
during  the  révolution  at  the  end  of  June,  living  in  one  of  the  most 
disturbed  districts.  In  October  1848  he  again  went  to  Marburg,  and 
the  next  year  to  Giessen,  and  in  the  beginning  of  1850  he  was  for  a 
short  time  in  Berlin.  After  his  marriage  he  went  to  Cassel  in  1852, 
and  in  1855  he  took  a  cottage  at  Windermere,  where  he  and  his  family 
resided  during  the  vacations  ;  hère  he  had  a  small  yacht,  and  later  he 
kept  a  yacht  at  Cowes.  His  mountaineering  in  Switzerland  gave  rise, 
as  we  bave  seen,  to  investigations  on  combustion  under  différent 
pressures,  as  well  as  to  papers  and  lectures  on  the  glacial  epoch, 
thermometric  observations,  and  experiments  on  solar  radiation.  In 
1863  he  paid  his  first  visit  to  Norway,  to  which  country  he  became 
much  attached  and  where  he  died.  He  also  went  to  Spain  and 
Algiers.  He  attended  the  meeting  of  the  British  Association  at 
Montréal  in  1884,  and  afterwards  went  to  the  Yellowstone  Park 
and  Chicago.  In  1886  he  went  to  the  Riviera,  Naples,  Vesuvius,  and 
Capri.  He  was  in  Berlin  in  1890.  This  very  meagre  account  of  his 
ti'avels  will,  however,  show  that  his  early  prédilections  for  travel  were 
continued  during  his  whole  life. 

While  living  at  Haverstock  Hill,  between  1857  and  1870,  Frankland 
took  a  great  interest  in  gardening  :  he  also  at  that  time  ground  and 
silvered  a  7-inch  glass  spéculum  and  fitted  it  in  a  télescope,  w^hich  he 
used  for   astronomical  purposes,    making   drawings  of  the   moon  and 
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planets,  From  1870  to  1880  he  resided  in  Lancaster  Gâte,  and  in  the 
latter  year  he  moved  to  the  Yews,  Reigate.  Hère  he  had  a  fine 
observatory.  He  lighted  the  house  by  electricity,  supervising  the 
working  and  making  some  of  the  fittings  himself.  This  led  to  his 
investigations  of  the  action  of  secondary  batteries,  described  in  a  paper 
sent  to  the  Royal  Society  on  February  21,  1883,  entitled  "  Contributions 
to  the  Chemistry  of  Storage  Batteries"  (Proc.  Roy.  Soc,  1883,  35, 
67 — 70).     He  also  took  much  interest  in  his  gardens  and  hot-houses. 

Frankland  was  elected  a  Fellow  of  the  Chemical  Society  on  December 
20,  1847.  He  served'  on  the  Council  in  1850 — 1851  and  again  in 
1858—1859  ;  hewas  Foreign  Secretary  from  1861—1868,  Vice-Président 
in  1860, 1868,  and  1870,  and  Président  from  1871—1873.  By  a  curions 
oversight,  his  connection  with  the  Chemical  Society  is  not  mentioned 
on  the  title  page  of  his  collected  papers,  entitled  "  Expérimental 
Researches  in  Pure,  Applied  and  l'hysical  Chemistry,"  published  in 
1887.  He  was  one  of  the  found^rs  and  the  first  Président  of  the 
Institute  of  Chemistry  from  1877  to  1880,  and  afterwards  a  Yice- 
President  and  Censor.  He  was  elected  Fellow  of  the  Royal  Society 
on  June  2,  1853,  and  served  on  the  Council  in  1857 — 1859  ; 
1865—1867;  1875—1877,  and  1886—1888.  He  was  Foreign 
Secretary  from  1895  until  his  death.  He  was  awarded  a  Royal  Medal 
in  1857  and  the  Copley  Medal  in  1894.  He  was  also  a  member  of 
many  of  the  foreign  learued  societies  and  académies.  He  received  the 
honorary  degi'ee  of  D.C.L.  of  Oxford  in  1870,  and  the  LL.D.  of 
Edinburgh  in  1884.  On  the  occasion  of  the  Diamond  Jubilee  of 
Queen  Victoria  in  1897  he  was  created  K.C.B. 

Frankland  was  twice  married,  first  to  Fraulein  Sophie  Fick,  on 
February  27,  1851,  who  died  at  Davos  on  January  7,  1874.  His  second 
wife  was  Miss  Ellen  Frances  Gi*enside,  whom  he  married  on  May  11, 
1875.     She  died  in  January,  1899,  after  a  long  illness. 

He  left  two  sons  and  two  daughters  by  his  first  wife,  and  two 
daughters  by  his  second.  His  elder  son  is  a  remarkable  mathematician, 
the  younger  is  the  well-known  Professer  of  Chemistry  at  the  University 
of  Birmingham.  Of  récent  years,  Sir  Edward  Frankland  went 
almost  annually  to  Norway,  where  he  spent  much  of  his  time  in  fishing, 
although  during  the  last  few  years  of  his  life  he  devoted  his  time 
spent  in  his  cottage  at  Golaa  in  Gudbrandsdalen  to  literary  work. 
He  died  there,  after  ten  days'  illness,  on  August  9,  1899. 

Herbert  McLeop. 
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JOHN  HALL  GLADSTONE. 

BoRN  Maroh  Tth,  1827;  Djed  October  6th,  1902. 

For  many  générations  the  ancestors  of  John  Hall  Gladstone  lived 
in  the  town  of  Kelso  in  Roxburghshire,  where  they  carriecl  on  the 
business  of  damask  weavers.  But  in  the  early  part  of  the  nineteenth 
century  the  cottage  hand-loom  was  being  superseded,  and  John  Glad- 
stone was  driven  to  seek  his  fortune  in  London.  Hère  in  February 
1816  he  entered  the  drapery  establishment  of  Mr.  Cook,  in  Cheapside, 
in  the  humble  position  of  shop-boy  ;  but  he  soon  rose  to  be  traveller  and 
buyer,  and  in  1824  was  taken  into  partnership.  He  then  married  a 
young  cousin,  Alison  Hall,  whose  father  had  a  drapery  business  in 
Bishopsgate  Street,  and  in  due  time  three  sons  were  born  to  them. 
John  Hall,  the  eldest,  was  born  at  7,  Chatham  Place  West,  Hackney, 
and  was  baptised  at  Albion  (Presbyterian)  Chapel,  Moorfields.  The 
three  brothers  were  educated  entirely  at  home  under  tutors,  and  from 
very  early  days  ail  showed  a  strong  inclination  toward  natural  science. 
In  1842  the  father,  John  Gladstone,  retired  from  business,  and  soon 
afterwards  the  family  spent  upwards  of  a  year  in  travelling  on  the 
Continent.  Pai^t  of  this  time  was  passed  in  Italy  with  their  old  friends 
Mr.  and  Mrs.  Tilt  and  their  daughter  May,  who  in  1852  became  the 
eldest  son' s  wife. 

From  early  years  John  Hall  Gladstone  had  shown  strong  religions 
tendencies,  and  when,  at  the  âge  of  seventeen,  the  question  of  his  future 
career  came  to  be  discussed,  he  wished  to  enter  the  Christian  ministry. 
From  this  course  he  was  dissuaded  both  by  his  father  and  by  Mr.  Tilt, 
and  in  December  1844  he  entered  University  Collège  as  a  student. 
Hère  he  attended  Graham's  lectures  on  chemistry  and  worked  in  his 
private  laboratory,  and  hère  he  prepared  his  earliest  contributions  to 
scientific  literature.  His  first  paper,  containing  an  "  Analysis  of  Sand 
fi'om  St.  Michael's  Bay,  Normandy,"  was  read  at  a  meeting  of  the 
Chemical  Society  on  November  16,  1846,  when  he  was  but  nineteen 
years  of  âge.  On  June  7  in  the  foUowing  year  a  more  important 
communication,  on  "  Gun  Cotton  and  X^doidine,"  showed  that,  although 
so  young,  he  possessed  the  qualifications  necessary  for  serions  scientific 
investigation,  and  a  gold  medal  for  original  research  was  awarded  him 
by  the  Collège.  Later  in  the  same  year  he  went  to  Giessen  to  work 
under  Liebig,  returning  in  April  1848  with  the  degree  of  Doctor  of 
Philosophy.  The  subject  of  his  dissertation  can  only  be  conjectured, 
but  it  is  probable  that  the  paper  on  the  "  Artificial  Formation  of  Urea 
from  Fulminic  Acid  "  (Quart.  Journ.  Chem.  Soc,  1,  228),  which  appears 
in  Liebig's  Annalen  for  1848,  contains  the  results  of  the  work  under- 
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taken  with  a  view  to  graduation.  But  although  Gladstone  had  thus 
formally  adopted  the  pursuit  of  science  as  his  career,  he  continued 
throughout  his  life  to  take  an  active  part  in  religions  work.  In  Olaphain 
his  parents  were  members  of  the  Rev.  James  Hill's  Congregational 
Church,  and  hère  he  taught  in  the  Sunday  School,  beside  conducting 
services  in  a  Mission  E,oom  at  White  Square.  Later  on  he  held  a  Bible 
Class  for  young  nien  on  Sunday  afternoons,  and  until  the  end  of  his  life 
he  was  intimately  connected  with  the  work  of  the  Young  Men's 
Christian  Association.  For  many  years  he  was  the  chief  oi'ganiser  of 
the  Sunday  afternoon  devotional  meeting  held  annually  at  the  meeting 
of  the  British  Association.  In  1850  he  was  appointed  Lecturer  in 
Chemistry  to  St.  Thomas's  Hospital,  a  post  which  he  held  for  two  years, 
and  in  1853,  at  the  âge  of  26,  he  was  elected  into  the  Royal  Society. 
After  the  death  of  his  father-in-law  in  1861  thei^e  was  no  necessity  for 
Dr.  Gladstone  to  earn  money  ;  but  he  was  now  so  well  known,  both  as  a 
scientific  man  and  a  philanthropist,  that  he  had  no  difficulty  in  filling 
his  days  with  useful  work.  In  1864  he  had  the  deep  misfortune  to  lose 
his  wife  and  their  eldest  daughter  and  only  son.  This,  howevei',  seems 
to  hâve  been  followed  by  only  temporary  suspense  of  activity,  social  and 
scientific. 

In  1863-4  and  again  in  1866  8  he  served  on  the  Council  of  the  Royal 
Society,  and  having  been  a  member  of  the  Royal  Commission  on  Light- 
houses,  Buoys,  and  Beacons  from  1859  to  1862,  he  became  a  member 
of  the  Gun  Cotton  Committee  in  1864-8. 

In  politics  Gladstone  was  a  Libéral,  and  on  more  than  one  occasion 
he  was  tempted  to  enter  Parliament.  In  1868  he  unsuccessfuUy 
contested  the  borough  of  York.  In  1869  he  married  Margaret, 
daughter  of  the  late  Rev.  Dr.  David  King,  and  nièce  of  Lord  Kelvin. 
This  lady  died  in  1870,  leaving  one  daughter. 

Fi'om  1874-7,  Gladstone  held  the  Fullerian  Professorship  of 
Chemistry  at  the  Royal  Institution,  and  was  first  Président  of  the 
Physical  Society,  of  which  he  was  one  of  the  founders.  He  was  Prési- 
dent of  the  Chemical  Society  from  1877-9,  and  in  1898  he  was  one 
of  the  six  past  Présidents  of  that  Society  who  had  been  Fellows 
for  upwards  of  fifty  years,  and  in  whose  honour  a  banquet  was  given 
under  the  chairmanship  of  the  Président,  Professer  Dewar. 

Gladstone  will  be  long  remembered  for  his  services  to  éducation, 
especially  in  connection  with  the  introduction  of  the  rudiments  of 
science  into  the  curriculum  of  Elementary  Schools.  From  1873  to 
1894  he  was  a  member  of  the  London  School  Boai'd,  for  three 
years  he  was  Vice-Chairman  of  the  Board,  and  for  many  years 
he  was  Chair  man  of  the  Books  and  Apparatus  Sub-Committee.  He 
was  also  for  several  years,  and  up  to  the  time  of  his  death,  an 
Almoner  of  Chrisb's  Hospital,  and  took  much  interest  in  the  arrange- 
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inents  for  the  improved  teachiug  of  expérimental  science  in  the  new 
buildings  at  Horshani.  Dr.  Gladstone  was  an  expert  phonographer, 
having  learned  the  art  so  early  as  1846,  and  he  made  use  of  it  for  note- 
taking  as  a  student  and  for  gênerai  purposes  of  composition  throughout 
lus  life.  This  led  liim  when  a  member  of  the  8chool  Board  to  institute 
inquiries  into  the  methods  of  teaching  reading,  and  as  a  resuit  he 
came  to  the  conclusion  that  a  reform  in  English  spelling  was  very 
désirable.  He  was  successful  in  1876  in  inducing  the  School  Board 
to  pass  by  a  large  majority  a  resolution  in  favour  of  a  change,  a 
mémorial  was  subsequently  presented  to  the  Committee  of  Council 
on  Education,  and  in  1879  the  Spelling  Reform  Association  was 
constituted.  Although  phonetic  spelling  was  not  adopted,  much  good 
was  accomplished  in  the  abolition  of  the  old-fashioned  spelling-books, 
and  to  Dr.  Gladstone's  efforts  in  urging  the  importance  of  shorthand 
is  mainly  due  the  teaching  of  this  art  which  has  been  so  widely 
adopted. 

Dr.  Gladstone  was  very  fond  of  London,  and  although  from  childhood 
he  had  taken  much  interest  in  natural  history,  and  although  he  often 
praised  the  country,  not  unfrequently  in  verse,  he  seems  never  to  hâve 
wished  to  live  ont  of  the  metropolis.  Ifc  ouly  remains  to  be  mentioned 
that  he  spoke  French  readily,  and  frequently  attended  the  summer 
meetings  of  the  Association  Française  pour  l'Avancement  des  Sciences, 
and  was  also  at  one  or  two  meetings  of  the  Swiss  Association. 

In  récognition  of  his  services  to  éducation  he  was  elected  an 
Honoi\ary  Fellow  of  the  Collège  of  Preceptors.  He  also  received  the 
degree  Sc.D.  at  the  célébration  of  the  Tercentenary  of  Trinity  Collège, 
Dublin,  in  1892,  and  the  Davy  Medal  from  the  Royal  Society  in  1897. 

In  1880  he  became  a  member  of  the  Company  of  Wheelwrights,  and 
as  a  liveryman  took  part  in  the  last  year  of  his  life  in  the  élection  of 
the  Lord  Mayor,  at  the  Guildhall,  on  Michaelmas  Day.  On  the  day  of 
his  death,  October  6,  1902,  he  presided  in  the  afternoon  at  a  meeting 
of  the  Chx'istian  Evidence  Society,  and,  after  walking  part  of  the  way 
home,  he  went  into  his  study,  and  was  found  lifeless  there  as  the  resuit 
of  failure  of  the  heart.  He  was  buried  the  following  Friday  in 
Kensal  Green  Cemetery. 

As  an  investigator  in  pure  chemistry  and  in  physical  chemistry 
Gladstone  accomplished  a  prodigious  amount  of  work.  Beside  140 
papers  standing  under  his  own  name  alone,  there  are  no  fewer  than 
78  written  in  collaboration  with  other  workers,  as  follows  :  with  Sir 
David  Brewster  1,  with  Rev.  T.  P.  Dale  5,  with  George  Gladstone  7, 
with  J.  D.  Holmes  2,  with  Alfred  Tribe  41,  with  VValter  Hibbert 
20,  and  with  Dr.  W.  H.  Perkin  2.  This  fertility  is  partir  explained 
in  his  speech  at  the  banquet  in  1898,  for  having  ample  means  at 
his  command  he  was  always  able  to  keep  in  his  laboratory  a  trained 
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assistant  whose  work  could  proceed  in  his  absence.  He  was  a  scientific 
amateur  in  the  best  sensé  of  the  woid, 

Some  of  the  subjects  in  what  may  be  called  pure  chemistry  to  which 
Gladstone's  attention  Avas  in  his  early  years  directed  hâve  already 
been  mentioned.  Others  which  deserve  notice  were  the  production 
and  properties  of  phosphamide  and  similar  compounds,  begun  at  Liebig's 
suggestion  and  revised  ten  years  later;  an  inquiry  into  the  composition 
of  the  so-called  iodide  of  nitrogen  (1852),  in  which  the  author's  results 
seemed  to  justify  the  adoption  of  the  formula  previously  given  to  the 
compound  by  Bineau,  viz.  NHI2.  Not  only  had  this  subject  been 
previously  much  investigated  with  i-esults  which  were  not  concordant, 
but  from  that  time  onward  the  question  remained  unsettled  until  1899, 
Avhen  the  formula  N0H3T3,  which  had  been  proposed  by  Bunsen  half 
a  century  before,  was  established  by  Chattaway. 

A  more  important  inquiry  is  embodied  in  the  paper,  which  appears 
in  the  Philosophical  Iransactions  for  1855,  on  "  Circumstances  modify- 
ing  the  Action  of  Chemical  Affinity."  Hère,  after  giving  the  history  of 
ideas  relating  to  chemical  affinity  from  Bergman  down  to  Berthollet 
and  onwards,  the  author  proceeds  to  examine  the  question,  arising  out 
of  the  researches  of  Bunsen  and  De  bus,  whether  when  two  substances 
act  on  each  other  an  increase  in  the  quantity  of  one  of  them  leads 
to  a  corresponding  increase  in  the  amount  of  chemical  change 
observed,  and  whether  sucli  change  occurs  continuously,  or  per  scdtum, 
in  atomic  proportions.  In  the  work  of  Bunsen  on  the  products  of  the 
explosion  of  carbonic  oxide  and  hydiogen  with  various  proportions  of 
oxygen  the  résultant  carbon  dioxide  and  water  are  incapable  of  acting 
on  each  other,  and  in  Debus's  experiments  on  the  précipitation  of 
mixed  barium  and  calcium  chlorides  by  a  carbonate  the  precipitated 
earthy  carbonates  are  removed  from  the  reach  of  further  chemical 
action.  In  Gladstone's  experiments,  ou  the  other  hand,  the  products 
of  the  interchange  as  well  as  the  unaltered  residue  of  the  original 
materials  remain  in  the  field. 

The  most  interesting  results  were  obtained  by  observation  of  the 
changes  of  colour  which  occur  in  the  formation  of  the  red  femc 
thiocyanate  by  bringing  together  in  aqueous  solution  various  ferrie 
salts  and  an  alkaline  thiocyanate  in  différent  proportions.  The  principal 
conclusions  arrived  at  are  briefly  as  foUows  : — 

When  two  or  more  binary  compounds  are  mixed  under  such 
circumstances  that  ail  the  products  are  free  to  act  and  react,  each 
positive  élément  combines  with  each  négative  élément  in  constant 
proportions,  which  are  independent  of  the  manner  in  which  the 
éléments  were  originally  combined  and  which  are  not  merely  the 
résultant  of  the  action  of  the  various  affinities  concerned,  but  are 
dépendent  also  on  the  mass  of  each  of  the  substances  in  the  mixture. 
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An  altération  in  the  mass  of  any  one  of  the  binary  compounds  présent 
alters  the  amount  of  every  one  of  the  other  binary  compounds,  and 
that  in  a  regularly  progressive  ratio,  sudden  transitions  only  occurring 
where  a  substance  is  présent  which  is  capable  of  combining  with 
another  in  more  than  one  proportion.  The  theory  of  Berthollet  is 
thus  confirmed.  The  phenomena  which  présent  themselves  when  pré- 
cipitation, volatilisation,  or  crystallisation  occurs  are  différent  because 
one  of  the  substances  is  removed  from  the  field  of  action.  Hence 
there  is  a  fundamental  error  in  ail  conclusions  as  to  what  com- 
pounds exist  in  a  solution,  drawn  from  such  empirical  rules  as 
that  "  the  strongest  base  combines  with  the  strongest  acid."  This 
paper  was  justly  considered  so  important  that  it  was  reprinted  in  full 
in  the  Quartei-ly  Journal  of  the  Chemical  Society,  vol.  9.  The  same 
volume  contains  another  paper  directly  contributed  to  the  Chemical 
Society,  entitled  "  Some  Experiments  illustrative  of  the  Reciprocal 
Décomposition  of  Salts,''  which  is  devoted  to  a  discussion  of  some 
apparent  exceptions  to  the  law  quoted  above  and  disposes  of  them  ail. 
A  further  contribution  to  the  same  subject  occurs  in  vol.  11,  on  the 
'•  Chemical  Action  of  Water  on  Soluble  Salts."  The  concluding  sentence, 
which  déclares  that  "  the  actual  state  of  a  dissolved  sait  is  beyond  the 
expression  of  any  of  our  formulai,"  is  not  far  from  a  true  représentation 
of  the  state  of  knowledge  on  this  subject  at  the  présent  time. 

There  is  no  doubt,  however,  that  optical  phenomena  and  the 
properties  of  éléments  and  compounds  in  relation  to  light  formed  the 
subjects  which  possessed  the  greatest  fascination  for  Gladstone.  This 
comes  out  quite  early  in  his  career,  and  in  a  variety  of  forms.  Thus 
in  1854  he  lectured  at  the  Royal  Institution  on  "  Chromatic  Phenomena 
exhibited  by  Transmitted  Light."  In  1855  there  were  "Notes  on 
some  substances  which  exhibit  the  Phenomena  of  Fluorescence,"  in  the 
Edinhurgh  New  Fhilosophical  Journal,  and  in  1856  on  "Some  Dichro- 
matic  Phenomena  among  Solutions,"  at  the  meeting  of  the  British 
Association.  In  1858  he  drew  attention  to  the  use  of  the  prism  in 
qualitative  analysis  (Quart.  Journ.  Chem.  Soc,  10,  79),  and  discovered 
the  remarkable  lines  in  the  absorption  spectrum  of  didymium,  a 
substance  long  afterwards  resolved  by  Auer  von  Welsbach  into  the  two 
éléments  known  as  praseo-  and  neo-dymium.  A  little  later  he  studied 
the  absorption  spectrum  of  the  atmosphère,  and  found  that  the  lines  of 
Fraunhofer  varied  according  to  the  time  of  day,  and  that  the  change 
must  be  due  to  some  constituents  of  the  earth's  atmosphère.  In  this 
research  he  was  joined  by  Sir  David  Brewster,  and  together  they 
produced  a  paper  on  the  lines  of  the  solar  spectrum  which  appears  in 
the  rhil.  Trans.,  for  1860. 

But  the  most  important  work  of  Gladstone's  in  this  direction  was 
undoubtedly  the   long   séries  of   observations  on  the   refraction  and 
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dispersion  of  liquids.  This  apparenbly  originated  with  a  study  of  the 
"Influence  of  Température  on  the  Réfraction  of  Light,"  undertaken  in 
concert  with  the  Eev.  T.  P.  Dale  {Phil.  Trans.,  1858).  This  was 
followed  by  the  important  "  Researches  on  the  Réfraction,  Dispersion, 
and  Sensitiveness  of  Liquids,"  in  the  Phil.  Trans.  for  1863. 

Representing  the  refractive  index  by  /x,  the  expression  ft  - 1  is 
termed  by  the  authors  the  refractive  energy  of  the  substance,  and 
this  multiplied  by  the  volume  or  divided  by  the  density,  d,  gives  the 

spécifie  refractive  energy,  ^  -  .     The  refractive  power  of  liquids  is,  like 

some  other  physical  properties,  additive  in  character,  and  every  liquid 
has  a  spécifie  refractive  energy  composed  of  the  spécifie  refractive 
énergies  of  its  component  éléments  more  or  less  modified  by  the  manner 
of  combination.  The  spécifie  refractive  energy  being  almost  inde- 
pendent  of  température,  solution,  or  even  chemical  combination,  the 
product  of  this  value  multiplied  by  the  molecular  weight  gives  the 
raolecular  refractive  energy  from  which  réfraction  équivalents  for  the 
éléments  may  be  deduced.  Thèse  refraction  équivalents  calculated 
from  the  refractive  energy  of  différent  eompounds  corne  out  nearly 
but  not  quite  identical,  the  mean  value  for  potassium,  for  example, 
derived  from  observations  on  the  chloride,  eyanide,  thiocyanate,  and 
hydroxide  is  8*2,  while  the  ethylate,  formate,  acétate,  and  tartrate  give 
a  mean  value  7*8.  With  such  constants  the  molecular  refractive 
powers  of  eompounds  can  be  calculated,  and  are  generally  found  to 
agrée  very  well  with  those  dedueed  from  direct  observation  of  the  same 
eompounds.  In  some  cases,  carbon  and  nitrogen  for  example,  the 
élément  exhibits  more  than  one  atomic  refraction,  whieh  appears  to  be 
eonnected  with  its  mode  of  combination.  This  part  of  the  subject 
has  been  pursued  for  many  years  by  Professer  J.  W.  Briihl,  but  to 
Gladstone's  laborious  observations  we  owe  praetically  ail  our  knowledge 
of  refractive  équivalents. 

Another  mémorable  séries  of  researches  commenced  about  1872,  in 
conjunetion  with  his  assistant  Alfred  Tribe,  resulted  in  the  discovery 
of  the  copper-zine  couple,  and  its  application  to  the  production  of  the 
organo-zinc  eompounds  and  to  other  purposes.  The  couple  has  long 
since  found  its  way  into  every  laboratory  in  the  world,  and  as  a 
reducing  agent  has  met  with  applications  not  only  in  connection  with 
carbon  eompounds  but  for  many  purposes  in  analysis. 

Notwithstanding  or  perhaps  in  conséquence  of  Gladstone's  aetivity 
as  an  expérimenter,  an  occupation  which  almost  necessarily  leads  to 
the  writing  of  many  papers,  he  did  not  produce  many  books.  In  1872 
he  brought  out  a  Biography  of  Faraday,  with  whom  he  had  been  on 
terms  of  close  friendship.  In  1883  a  séries  of  papers  on  the  "  Chemistry 
of  the  Hecondary  Batteries  of  Planté  and  Faure  "  were  collected  into 
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little  volume  published  by  Macmillan.  A  small  work  on  "  Spelling 
Reform  fiom  an  Educational  Point  of  View  "  was  also  published  by 
Macmillan  in  1878.  It  will  readily  be  understood  froui  what  lias 
already  been  stated  that  a  large  number  of  jamphlets,  papers,  and 
magazine  articles  on  social,  educational,  and  religions  subjects  also  came 
from  his  pen. 

Personally  Gladstone  was  oue  of  tlie  most  kindly  and  génial  of  uien , 
with  an  old-fashioned  but  never-failing  courtesy  of  manner.  It  was 
characteristic  of  him  that  when  called  upon  to  speak,  even  in  a  scientific 
meeting,  he  almost  invariably  addressed  his  audience  as  "  Friends  !  " 
Eager  in  the  pursuit  of  knowledge  and  anxious  for  its  diffusion,  he  divided 
the  long  years  of  an  active  and  useful  life  between  the  search  after 
truth  and  the  promotion  of  the  social,  moral,  and  intellectual  improve- 
ment  of  his  fellow-men.  His  memory  is  seciire  in  the  respectful 
admiration  of  his  contemporaries,  and  by  future  générations  his  name 
will  be  remembered  as  one  of  those  who  helped  to  lay  the  foundations 
of  modem  physical  chemistry. 

W.   A.  TiLDEN. 


WLADIMIR    WASSILJEWITSCH    MARKOWNIKOFF. 

BoRN  December  22nd,  1838;  Died  February  IIth,  1904. 

Wladimir  Wassiljewitsch  Markoavnikoff  was  born  on  December 
22  (N.S.),  1838,  in  the  neighbourhood  of  Nischnij  Nowgorod.  Hère 
he  attended  the  preparatory  school;  and,  after  passing  through  the 
"  Gymnasium,"  entered  in  1856  the  University  of  Kazan  as  a 
"  Cameralia  "  student.  In  this  university  he  took  his  doctor's 
degree  in  1861.  About  this  time  he  first  came  in  contact  with  the 
striking  personality  of  Butlerow,  who  attracted  him  strongly;  and 
who,  having  recently  returned  from  Germany  and  France  charged 
to  the  full  with  the  new  doctrines  of  molecular  structure,  was 
lecturing  and  demoustrating  enthusiastically  on  thèse  subjects.  In 
1862,  having  completed  his  course  of  study,  he  was  appointed 
Assistant  in  the  department  of  Inorganic  Chemistry.  He  married 
in  the  following  year. 

In  1865,  Markownikofï  was  sent  abroad  by  the  Russian  Govern 
ment  to  pursue  his  studies  for  two  years.  He  went  first  to  Heidel- 
berg,  where  he  attended  the  lectures  of  Kopp,  Kirchoff,  and  Erlen- 
meyer,  working  in  Erlenmeyer's  laboratory  :  thence  he  proceeded 
to  Berlin,  to  study  with  Baeyer,  and  finally  to  Kolbe,  in  Leipzig, 
where  he  spent  most  of  his  leave.     Hère,   in   1866,   he  made  his 
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researches  on  the  first  isomeric  acid  of  the  fatty  séries,  whicli  he 
discovered,  namely,  zsobiityric  acid  and  its  derivatives.  After  his 
return  to  Kazan  Le  published  (1869)  his  paj^er,  "  Ueber  die  reciproke 
Beeinflussung  der  Atome  im  Molécule."  The  work  described  iu 
this  memoir,  and  the  ideas  contained  in  it,  he  always  regarded  as 
his  most  valuable  contribution  to  chemical  science.  Its  importance 
was  pointed  out  long  subsequently  by  Michael  (,/.  jj?-.  Ch.,  1899,  [ii], 
60,  288).  Soon  after  this  Markownikoff  became  Prof  essor  in  Kazan, 
and,  on  the  transference  of  Butlerow  to  St.  Petersburg,  Director  of 
the  laboratory.  This  post  he  held  for  four  years.  In  1871,  he  and  five 
colleagues  resigned  for  political  reasons.  Markownikoff,  however, 
immediately  received  an  invitation  to  occupy  the  chair  of  chemistry 
in  the  University  of  Odessa,  the  Russian  universities  having  at  that 
time  the  power  of  making  appointments  in  that  way.  Hère  he 
remained  vintil  1873,  when  he  was  called  to  the  University  of 
Moscow.  In  this  stimulatiug  j^osition  he  found  ample  scope  for  a 
very  active  mind,  and  hère  he  produced  the  greater  number  of  his 
researches.  With  much  effort  he  surmounted  many  very  serions 
difficulties  in  the  building  of  his  new  laboratory  (1884 — 6). 

Hère  Markownikoff  began  his  long  and  laborious  investigation 
of  Caucasian  petroleum,  which  occupied  him  during  the  last  décade 
of  his  life.  In  1893,  a  serions  misfortune  befel  him,  for  he  was 
dismissed  from  his  post  without  reason  assigned,  and  deprived  of 
his  emokiments  and  officiai  résidence.  Nevertheless,  he  continued 
to  work  on  indefatigably  in  his  own  house,  assisted  by  his  faithful 
servant  Mikhailo,  who  had  become  wonderfully  expert  in  fractional 
distillation.  He  died  quite  imexpectedly,  in  the  midst  of  his 
labours,  while  engaged  in  preparing  some  of  his  results  for  publi- 
cation.    An  apoplectic  seizure  ended  his  life  in  a  few  hours. 

Markownikoff  was  a  conscientious  man  of  science,  ever  setting 
exactitude,  earnestness,  and  honour  above  the  ambitions  of  the 
moment  and  the  vanities  of  the  self-seeker.  In  his  political 
opinions  he  was,  to  his  own  severe  loss,  an  outspoken  patriot.  As 
a  delegate  of  the  Red  Cross,  he  took  an  active  part  in  the  work  of 
disinfection  in  the  Russian  Army  during  the  1878 — 9  campaign. 
His  numei'ous  pupils,  not  a  few  of  whom  occupy  important  scientific 
and  technical  j^ositions,  will  long  and  sincerely  lament  their  dis- 
tinguished  master. 

Markownikoff  was  elected  a  Foreign  Member  of  the  Chemical 
Society  on  January  20,  1898,  and  on  Pebruary  25,  1901,  received 
the  congratulations  of  the  Council  on  the  fortieth  anniversary  of 
his  doctorate.  He  was  the  author  of  sixty-two  papers,  and  of 
several  separately  published  memoirs,  the  most  imjDortant  of  which 
related  to  Caucasian  jDetroleum  (in  which  work  he  was  associated 
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with  Ogloblin),  army  disinfectiug  practice,  tlie  plague  iu  Russia, 
modem  chemistry,  and  chemical  industry  iu  Russia. 

Tlie  investigation  of  Caucasian  petroleuni  led  to  the  discovery 
that  tliis  substance  contains  as  principal  constituents  a  séries  of 
hydrocarbons  of  peculiar  character,  to  which  Markownikoff  gave 
the  gênerai  name  naphthene.  They  somewliat  i-esemble  paraffins  in 
yielding  no  addition  comiDOunds,  and  by  Markownikoff  liimself  were 
supposed  to  consist  of  the  hydrides  of  benzenoid  hydrocarbons,  a 
view  which  is  now  generally  accepted.  The  lower  fractions  of  tliis 
petroleuni  also  contain  benzène  and  a  uumber  of  its  homologues. 
Thèse  discoveries,  with  the  observation  of  the  relation  of  the  expan- 
sion coefficient  to  spécifie  gravity,  and  of  the  extraordinary  tenacity 
with  which  the  higher  parafiins  hold  the  gascons  ones,  even  at 
elevated  températures,  are  ail  matters  of  great  importance  to  the 
petroleuni  industry  and  its  scientific  considération. 

Markownikoff  also  discovered  a  C^^  glycerol,  and  made  a  study  of 
suberone,  from  which  he  obtained  a  monohydric  alcohol  called 
suberol,  as  well  as  the  oxime  and  a  base  formed  by  its  réduction. 
From  suberyl  iodide  by  réduction,  a  saturated  hydrocarbou, 
suberane,  C^-Hj^  (heptamethylene),  is  formed,  which  is  readily  coii- 
verted  into  the  heptanaphthene  présent  in  Caucasian  petroleuni. 
Papers  on  many  other  subjects,  such  as  the  i^yrotartaric  acids,  on 
dichlorohydriu,  and  on  Bulgarian  rose-oil,  testify  to  his  activity  and 
wide  interests. 

Markownikoff  "s  association  with  Kolbe  and  Erleumeyer  early  led 
him  to  speculate  very  deeply  on  questions  of  isomerism  and  allied 
subjects;  ideas  of  this  kind  are  found  in  niost  of  his  work,  and  con- 
sciously  dominated  ail  his  scientific  thought.  There  is,  as  usual  in 
such  cases,  some  difficulty  in  accurately  determining  the  triie  share 
of  the  teacher  and  the  student.  The  theoretical  results  (1869)  on 
which  lie  laid  chief  stress  as  his  most  important  contribution  to 
chemical  science  hâve  already  been  mentioned.  A  very  clear  state- 
ment  of  them,  in  his  own  words,  will  be  found  in  the  Comptes 
rendus,  1875,  81,  668 — 671.  They  are  at  first  compriscd  in  two 
rules  : 

(1)  "  Lorsqu'  H  un  hydrocarbure  non  satun',  renfermant  des  atomes 
de  carbone  inégalement  hydrogéués,  s'ajoute  un  acide  haloidhydrique, 
l'élément  éléctronégatif  se  fixe  sur  le  carbone  le  moins  hydrogéné." 

(2)  "  Pour  le  cas  de  l'addition  des  hydracides  aux  molécules  saturées, 
contenant  un  élément  négatif  fixé  à  celui  de  ces  carbones  qui  est 
doublement  lié,  je  me  suis  permis  de  donner  comme  une  règle  que 
l'atome  de  l'élément  négatif  d'un  hydracide  se  place  à  côté  de  son 
pareil  qui  s'y  trouvait  déjà." 

Subséquent  considération,  and  a  note  of  warning  from  Henry, 
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induced  him  to  reconsider  thèse  rules.  For  it  is  clear  that  the 
results  of  chemical  change  are  as  much  affected  by  conditions  as  the 
process  itself,  and  so  must  be  the  molecular  structure.  Hence  the 
two  rules  are  combined  together  into  the  foUowing  more  perfect 
expression  : 

"  Lorsqu'  à  une  molécule  non  saturée  CVH,hX  s'ajoute  un  autre 
système  moléculaire  YZ  à  une  température  basse,  l'élément  ou  le  groupe 
le  plus  négatif  Y  se  combine  avec  l'atome  de  cir'jone  le  moins  hydro- 
géné, ou  avec  celui  qui  était  déjà  en  liaisoa  directe  avec  quelqu'  élément 
négatif;  mais,  à  des  tenqiératures  comparative tne7it  j^^us  hautes,  c'est 
l'élément  Z  qui  se  fixe  sur  le  carbone  le  moins  hydi-ogéné,  c'est-à-dire 
que,  pour  les  mêmes  substances,  la  réaction  prend  une  marche  tout  à 
fait  opposée  à  la  première." 

One  sees  how  much  and  how  long  the  matter  remained  in  the 
mind  of  its  author,  and  how  characteristic  thèse  "  rules  "  are  of  his 
mental  atmosphère.  Although  we  canuot  assign  to  Markownikoff 
a  position  in  the  first  rank  of  original  thinkers  and  discoverers,  his 
name  will  always  be  associated  with  unremitting  industx-y,  houesty 
of  purpose,  and  integrity  of  record. 

Edmund  J.  Mills. 


LYON  PLAYFAIR. 

BoRN  May  21  st,  1818;  Died  May  29th,  1898. 

By  the  death  of  Lord  Playfair  the  Society  lost  its  Senior  Past 
Président,  and  the  last  survivor  of  the  seventy-five  who  had  founded 
the  Society  in  1841.  Such  a  time  must  corne  in  the  history  of  every 
Society  such  as  ours,  but  it  can  only  rarely  happen  that  such  a 
passing  away  froni  our  midst  occurs  in  circumstances  so  pathetic  as 
with  us.  The  Society  had  hoped  to  entertain  at  a  banquet,  on 
Jvine  9th,  1898,  no  fewer  than  seven  of  its  Past  Présidents  who 
had  been  on  the  roll  of  its  Fellows  for  half  a  century  ;  but  this  hope 
was  destined  to  be  blighted  by  the  somewhat  sudden  death  of  Lord 
Playfair  on  May  29th. 

Born  at  Meerut,  in  Bengal,  on  May  21st,  1818,  Lyon  Playfair 
was  of  pure  Scottish  parentage,  his  mother  having  been  a  Miss 
Janet  Ross,  of  Edinburgh,  whilst  his  fatlier,  Dr.  George  Playfair, 
Chief  Inspector-General  of  Hospitals  in  Bengal,  was  the  eldest  son 
of  James  Playfair,  Principal  of  the  United  Collèges  of  St.  Léonard 
and  St.  Salvator,  in  St.  Andrews.  To  this  old  University  city  of 
St.  Andrews  Lyon  and  his  elder  brother  George  were  sent  home  in 
1820  to  be  educated,  first  under  a  governess,  then  at  the  parish 
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school,  of  which  he  always  spoke  highly,  then  at  the  Grammar  School, 
where  he  was  tauglit  "  Latin,  and  nothing  but  Latin."  At  the  âge 
of  fourteen  he  was  sent  to  the  University,  and  whilst  there  at  this 
early  âge,  both  he  and  his  brother  gave  indications  of  the  lines 
with  which  they  were  to  be  more  or  less  identified  in  after  life; 
being  foiind  fault  with  by  their  mother  for  spending  so  mvich  time 
in  the  kitchen  one  day,  it  was  found  that  George  was  boiling  a 
sparrow  in  order  to  obtain  its  skeleton,  whilst  Lyon  was  endeavour- 
ing  to  prépare  sugar  from  beetroot. 

After  a  short  time  spent  in  the  office  of  his  merchant-uncle, 
James  Playfaii',  in  Glasgow,  we  find  him,  in  1835,  commencing  his 
médical  studies,  and  as  chemistry  was  aiready  his  favourite  pursuit, 
he  preferred  to  study  ixnder  Thomas  Graham  at  the  Andersonian 
Collège  rather  than  at  Glasgow  University.  Two  of  his  fellow- 
students  at  this  time  were  destined  to  become  famous,  but  in  very 
différent  ways;  one  was  David  Livingstone,  the  African  explorer 
and  missionai'y,  and  the  other  James  Young,  the  founder  of  the 
paraffin  industry  in  this  country.  When  Graham  left  Glasgow  to 
become  Professor  of  Chemistry  in  University  Collège,  London,  Play- 
fair  went  to  Edinburgh  in  order  to  complète  his  médical  éducation. 
Illness,  however,  compelled  him  to  discontinue  the  study  of 
medicine,  so  his  father  advised  him  to  look  to  India  for  a  career 
as  others  of  his  family  had  done.  In  his  nineteenth  year  we  find 
him,  therefore,  once  more  in  India,  and  a  gain  trying  a  mercantile 
career.  His  final  choice,  however,  was  about  to  be  made,  for  in 
1838,  when  Graham  appointed  him  his  private  assistant,  he  gave 
up  commerce  for  the  pursuit  of  science.  In  1839,  Graham  recom- 
mended  him  to  go  to  Giessen  to  study  under  Liebig,  and  whilst 
there  he  published  his  first  scientific  paper  "  On  a  New  Fat  Acid 
from  the  Butter  of  Nutmegs";  this  acid  he  named  myristic  acid, 

Liebig  was  at  this  time  writing  his  "  Agricultural  Chemistry," 
and  arranged  with  Playfair  to  translate  it  into  English,  and  this  was 
done  almost  simultaneously  with  the  German.  As  Liebig  himself 
was  unable  to  come  over  to  the  meeting  of  the  British  Association 
in  Glasgow  in  1840,  Playfair  (who  had  been  appointed  one  of  the 
Secretaries  to  the  Chemical  Section),  along  with  Ettling,  Will,  and 
Varrentrapp,  came  to  the  meeting,  and  brought  Liebig's  views 
prominently  forward. 

In  1841  he  became  chemical  manager  of  the  Primrose  Calico  Print- 
ing  Works  at  Clitheroe,  and  there  obtained  expérience  which  was  to 
be  of  the  highest  value  to  him  in  later  years.  Becoming  Honorary 
Professor  of  Chemistry  in  the  Royal  Institution  in  Manchester,  he 
soon  had  more  pupils  than  he  could  accommodate,  and  had  amongst 
the  visitors  at  his  lectures  the  vétéran  John  Dalton.     The  offer  of 
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the  Professorship  of  Chemistry  at  Toronto  led  to  his  being  induced 
by  the  Prime  Minister  of  tliat  day,  Sir  Robert  Peel,  to  remain  in 
this  country,  and  in  1845  lie  was  appointed  Chemist  to  the 
Geological  Survey.  He  began  his  work  as  siich  in  a  small  laboratory 
in  Duke  Street,  Westminster,  where  he  contintied  his  well-known 
researches  (which  he  had  begun  in  Manchester),  along  with  Joule, 
on  the  atomic  volumes  of  salts  ;  and  hère  he  carried  out  his  research 
resulting  in  the  discovery  of  the  nitroprussides.  It  was  hère,  also, 
he  had  two  assistants,  Kolbe  and  Frankland,  who  were  later  to  be 
well  known  to  famé. 

Fired  as  he  was  by  the  spirit  of  Liebig's  teaching  and  by  his 
own  enthusiasm  to  carry  on  research  in  chemistry  for  its  own  sake, 
and  imbued  as  he  was  with  the  great  importance  of  a  thorough 
training  in  the  laboratory  for  ail  students  who  were  to  do  useful 
work  in  chemistry,  Playfair  was  not  to  be  allowed  to  do  much  along 
any  of  thèse  lines.  His  eminentfy  practical  mind  and  very  varied 
expérience  marked  him  out  to  those  in  authority  as  pre-eminently 
fitted  to  carry  out,  on  a  large  scale,  the  investigation  of  various 
problems  which  were  jDrominently  before  the  public  at  this  time. 
For  example,  he  was  appointed  a  member  of  the  Royal  Commission 
of  1843  to  inquire  into  the  health  of  towns,  and  as  he  was  at  this 
time  still  in  Manchester,  he  took  as  his  district  the  County  of 
Lancashire;  and  from  the  ardent  way  in  which  he  threw  himself 
into  this  work,  he  was  before  long  recognised  as  a  leader  in  ail 
matters  relating  to  the  improvement  of  the  public  health.  This 
work  was  foUowed  by  his  being  asked  by  the  Government  to  report 
on  the  state  of  Buckingham  Palace  and  of  Eton  Collège.  Then 
the  Board  of  Trade  wanted  a  report  on  graveyards,  and  analyses 
of  ail  the  water  supplies  to  towns  ;  the  Admiralty  wanted  advice  as 
to  what  were  the  best  coals  for  steam  navigation.  This  involved 
an  investigation  of  the  composition  of  the  various  kinds  of  coal, 
their  calorific  values,  and  their  evaporative  powers  under  actual 
steam  boilers.  An  investigation  along  with  De  La  Bêche,  on  a 
disastrous  explosion  in  a  coal-mine  at  Jarrow,  led  to  his  carrying 
out  the  analyses  of  a  large  number  of  samples  of  "  fire-damp."  The 
next  important  Royal  Commission  of  which  he  was  a  member,  and 
one  which  led  to  many  far-reaching  changes  politically,  was  that 
on  the  potato  disease  and  famine  in  Ireland  in  1845. 

One  very  important  and  famous  research,  undertaken  along  with 
Bunsen,  in  1844,  at  the  instance  of  the  British  Association,  was 
that  on  the  chemical  opération  of  blast  furnaces  in  the  manufacture 
of  iron.  The  investigations  were  carried  out  near  Alfreton,  in 
Derbyshire,  on  blast  furnaces  belonging  to  Mr.  Oakes,  of  Riddings, 
whose  youngest  daughter  Playfair  married  two  years  later. 
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In  1848  lie  was  elected  a  Fellow  of  the  Royal  Society,  and  in 
tlie  same  year  we  find  liim  in  Paris,  acting  as  correspondent  to  the 
Daily  News  during  the  exciting  week  in  June. 

Evidence  had  ail  along  been  growing  stronger  and  more  con- 
clusive  that  Playfair's  greatest  sphère  of  usefulness  lay  mainly  in 
the  practical  apiolication  of  science  to  the  numerous  requirements 
of  the  nation,  and  in  1850  he  became  associated  with  what  was  to 
be,  in  many  respects,  the  chief  work  of  his  lifetime.  Sir  Robert 
Peel  had  seen  miich  of  him  in  connection  with  the  numerous  Royal 
Commissions  of  which  he  had  been  a  member,  and  with  the  various 
scientific  and  other  inquiries  he  had  carried  ont  for  the  Government 
and  other  public  bodies.  He  discovered  that  Playfair  was  essen- 
tially  a  practical  man  and  a  man  of  action,  who  was  endowed  with 
an  unusual  degree  of  tact,  clear-headedness,  and  knowledge  of  the 
world;  thèse,  combined  with  his  enthusiasm,  enabled  him  to  sur- 
mount  and  triumph  over  difficulties  which  would  hâve  proved  too 
much  for  most  men.  It  was  the  possession  of  thèse  qualities  rather 
than  his  knowledge  of  science  in  gênerai,  or  of  chemistry  in  par- 
ticular,  which  marked  him  out  as  the  man  for  the  part  he  was  to 
play  in  the  organisation  of  the  Great  Exhibition  of  1851.  There 
can  be  no  doubt  that  Playfair's  expérience  in  commercial  affairs 
and  his  knowledge  of  the  aims  and  the  difficulties  of  business 
men  generally  were  of  the  utmost  value  in  thoroughly  in- 
teresting  manufacturers  of  ail  kinds  of  products,  and  in 
bringing  home  to  them  the  advantages  which  would  accrue 
to  them  through  the  success  of  the  Exhibition.  Until 
Playfair  appeared  on  the  scène  they  seem  to  hâve  been,  if 
not  actively  hostile,  at  least  quite  apathetic  as  a  body  towards  the 
Exhibition  and  its  aims.  How  great  a  success  the  Exhibition  was 
everyone  knows  now,  and  instead  of  being  a  financial  failure  it 
ended  with  the  handsome  profit  of  £186,000.  It  may  fairly  be 
claimed  for  Playfair  that  had  it  not  been  for  his  energy,  tact,  and 
business  capacity  it  would  hâve  been  far  otherwise.  From  the 
Exhibition  to  the  investment  of  the  profits  derived  therefrom,  and 
then  to  his  travels  on  the  Continent,  inspecting  methods  of  éduca- 
tion, especially  with  regard  to  the  organisation  and  methods  of  im- 
parting  technical  instruction  there,  to  his  lectures  on  Technical 
Education,  and  then  on  to  the  institution  of  the  Science  and 
Art  Department,  and  the  foundation  of  what  is  now  the  Victoria 
and  Albert  Muséum,  the  séquence  is  natural  and  easily  understood. 
One  appointment  which  particularly  interests  us  is  his  élection,  in 
1857,  as  Président  of  the  Chemical  Society,  in  succession  to  Pro- 
fessor  W.  Allen  Miller,  and  it  was  peculiarly  fitting  that  it  was 
during  his  tenure  of  office  that  the  Society  migrated  from  its  rooms 
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in  Cavendish  Square  to  its  first  set  of  rooms  in  Burlington  House, 
which  were  in  the  north-east  corner.  It  was  during  liis  second  year 
of  office  that  Playfair  was  appointed  to  the  Professorsliip  of 
Chemistry  in  the  University  of  Edinburgh.  This  he  held  for  ten 
years,  setting  to  work  at  once  to  organise  and  develop  the  teaching 
of  practical  chemistry  especially.  Successful  as  he  was  in  this  it 
was  only  by  the  gênerons  expenditure  of  much  of  his  professorial 
income  that  he  was  able  to  convert  the  rooms  at  his  disposai  into 
really  useful  laboratories  for  teaching.  He  left  his  impress  not 
only  on  the  teaching  of  chemistry,  both  in  the  laboratory  and  by 
the  clearness  of  his  lectures,  but  also  by  the  System  of  stimulating 
earnest  work  amongst  the  students  throughout  ail  the  university 
classes  by  the  method  of  awarding  university  medals  and  other 
prizes  in  each  class.  The  institution  of  degrees  in  science  was  also 
very  largely  due  to  his  initiative  and  influence. 

When,  in  1868,  members  of  Parliament  were  allocated  to  the 
Scottish  Universities,  Playfair  was  chosen  the  first  member  for  the 
Universities  of  Edinburgh  and  St.  Andrews,  a  seat  which  he  re- 
tained  for  seventeen  years.  This  was  somewhat  remarkable, 
because,  himself  a  pronounced  Libéral  in  politics,  he  represented 
what  is,  and  lias  always  been,  a  well-marked  Conservative  con- 
stituency.  This  was  due  to  several  causes,  chiefly,  no  doubt,  to  his 
universally  recognised  services  to  the  cause  and  progress  of  sound 
éducation  throughout  the  country,  but  also  in  no  small  measure 
to  his  popularity  as  a  Professor  in  the  University,  who  was  brought 
into  contact  with  large  classes  of  students.  But  in  1885,  recognising 
that  his  services  were  being  more  and  more  claimed  as  a  member 
of  the  Libéral  party,  he  withdrew  his  candidature  for  the  l'epre- 
sentation  of  the  Universities,  and  was  elected  member  for  South 
Leeds,  which  constituency  he  continued  to  represent  until  1892, 
when,  on  the  recommendation  of  Mr.  Gladstone,  he  was  elevated  to 
the  peerage  under  the  style  of  Baron  Playfair  of  St.  Andrews.  In 
1883  he  was  appointed  a  Knight  Commander  of  the  Bath,  and  in 
1895  he  received  the  Order  of  the  Grand  Cross  of  the  Bath. 

Amongst  other  important  work  which  he  was  chiefly  instrumental 
in  carrying  ont  for  the  country,  although  not  of  especial  interest  to 
Fellows  of  the  Chemical  Society,  were  the  introduction  of  halfpenny 
post-cards,  the  remodelling  of  the  Civil  Service,  known  as  "  The  Play- 
fair Scheme,"  his  work  on  the  Cattle  Plague  Commission,  and  in 
organising  the  jury  department  of  the  1862  Exhibition.  His  tenure 
of  the  office  of  Postmaster-General  in  1873  was  too  short  for  him  to 
leave  much  of  his  mark  there,  for  after  three  months'  work  the 
Libéral  Government  went  out  of  office. 

It  need   hardly  be  pointed   out  that  his   work   on   thèse  varions 
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schemes  coiild  not  always  tend  to  tlie  increase  of  his  popularity,  for 
some  were  very  strenuously  opposed,  but  everyone  admitted  the 
honesty  of  purpose  pervading  ail,  liowever  much  they  differed  from 
him. 

The  record  of  original  papers  standing  in  Playfair's  own  name 
in  the  Royal  Society's  catalogue  contains  the  names  of  twenty-seven 
papers,  of  which  that  on  the  nitroprussides  is  perhaps  the  raost  im- 
portant. Other  papers  which  hâve  left  their  mark  on  the  progress 
of  science  were  those  with  Bunsen  on  the  chemistry  of  blast  furnaces, 
with  Joule  on  the  atomic  volume  of  salts,  and  with  J.  A.  Wanklyn 
on  a  method  of  determining  vapour  densities  at  températures  below 
the  boiling  points  of  the  substances. 

The  amount  of  original  work,  however,  which  Playfair  carried 
out  at  one  time  and  another  cannot  be  estimated  by  a  record 
such  as  that  just  given,  for  the  numerous  investigations  on  which 
he  was  almost  continually  engaged  embodied  an  enormous  amount 
of  work  really  original  in  the  strictest  sensé,  and  demanding  scien- 
tific  qualities  of  the  highest  order. 

Playfair  was  three  times  married,  first  in  1846,  as  previously 
mentioned,  to  Miss  Margaret  Oakes,  daughter  of  Mr.  Oakes,  of 
Riddings  House,  near  Alfreton,  then  in  1857  to  Miss  J.  A.  Milling- 
ton,  and  thirdly,  in  October,  1878,  to  Miss  Edith  Russell,  of  Boston, 
U.S.A.,  now  Lady  Playfair,  who  survives  him,  along  with  his  only 
son,  George  James,  Lord  Playfair,  and  two  daiîgliters. 

A.  Scott. 


ALEXANDER   WILLIAM    WILLIAMSON. 

BoRN  May  Ist,  1824;  Died  May  6th,  1904. 

Alexander  William  Williamson  was  boni  at  Wandsworth  on 
May  1,  1824.  His  father,  Alexander  Williamson,  who  came  to 
London  from  Elgin  as  a  boy,  married,  in  1820,  Antonia,  daughter 
of  William  McAndrew,  a  Scotchman  settled  in  London  as  a 
merchant,  and  of  his  wife  Antonia  (born  Sykes),  an  English  lady. 
Mr.  Williamson  had  three  children  :  Antonia  Helen,  born  in  1822, 
Alexander  William,  and  a  second  son,  James,  who  died  in  childhood, 
Antonia  married  a  Mr.  Clark,  and  died,  a  widow,  several  years 
before  lier  brother.  She  combined  admirable  accomplishments  with 
much  force  of  character  and  intellectual  independence  with  great 
kindness  of  heart.  She  was  untiring  in  acts  of  well-considered  and 
perseveriug  benevolence.     Although  this  lady's  career  forms  no  part 
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of  the  subject  of  this  notice,  her  qualities  of  liearfc  and  mind  are 
not  without  intei'esfc  as  throwing  an  indirect  light  on  the  moral  and 
intellectual  cliaracteristics  of  tlie  home  in  which  she  aud  her 
illustrions  brothef  grew  up. 

As  a  child,  and  throughout  liis  boyhood,  yonng  Williamson  had 
very  délicate  health.  The  weakness  showed  itself  most  obviously  in 
affections  of  the  eyes,  the  conséquence  being  that  his  parents,  as  well 
as  the  médical  men  they  consulted,  were  raisled  as  to  the  natux-e  of 
the  complaint.  Local  treatment  was  adopted,  but  it  only  aggra- 
vated  the  evil,  and  it  was  not  until  he  was  about  sixteen  that  it  was 
fvilly  recognised  that  what  was  needed  was  to  let  the  eyes  alone  and 
build  up  the  gênerai  health.  Eventually,  he  grew  up  to  vigorous 
manhood,  but  the  right  eye  was  permanently  useless,  and  the  left 
arm  had  very  little  power.  It  was  in  spite  of  thèse  serions  physical 
disadvantages  that  ail  his  work  was  accomplished. 

Between  1825  and  1831,  Mrs.  Williamson  and  lier  children  spent 
much  time  at  Brighton,  where  Mr.  Williamson,  at  that  time  a  clerk 
in  the  East  India  House,  paid  them  fréquent  visits,  notwithstanding 
the  somewhat  long  coach-journey  each  way  which  sucli  visits  in- 
volved  in  those  days.  Svibsequently,  Mr.  Williamson  bought  a 
house  in  Wright's  Lane,  Kensington,  with  a  large  garden,  now  built 
over.  While  living  hère  the  young  Williamsons  were  much  in  the 
Company  of  James  Mill's  children.  John  Stuart,  the  eldest,  being 
older  than  the  future  chemist  by  eighteen  years,  to  say  nothing  of 
his  abnormally  early  intellectual  development,  can  hardly  hâve 
been  much  of  a  companion  for  the  sickly  boy.  Mill  was  Mr. 
Williamson's  superior  officer  at  the  East  India  House,  and  it  Ts  not 
an  unnatural  supposition  that  it  was  their  common  employment 
there  that  brought  them  acquainted.  However  this  may  be,  the  fact 
that  Mr.  Williamson  was  for  many  years  on  intimate  terms  with 
Mill  and  came  to  share,  to  a  great  extent,  his  opinions  on  religions, 
social,  and  educational  questions,  cannot  hâve  been  without 
influence  on  his  son's  mental  development,  seeing  that  he  was  thus 
brought  into  contact  with  the  innermost  circle  of  the  Utilitarians. 
Another  resuit  of  this  intimacy  was  that  Mr.  Williamson  became 
one  of  the  strenuous  band  of  educational  pioneers  and  reformers 
who,  in  1826,  founded  the  University  of  London,  afterwards  Univer- 
sity  Collège,  London,  the  institution  with  which  his  son  was 
destined  to  be  so  long  and  closely  connected. 

In  or  about  1840,  Mr.  Williamson  retired  from  the  India  House 
on  a  pension.  He  soon  afterwai'ds  gave  up  his  house  at  Kensington, 
and  he  and  his  family  removed  to  the  Continent,  and  lived  for 
several  years  chiefly  in  France  and  Germany. 

In    1840,    young   Williamson    was   entered    as   a   student   of   the 
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University  of  Heidelberg.  His  father's  idea  was  tliat  he  should 
study  mediciue,  and  witli  tbis  view  he  attended  Leopold  Gmeliii's 
lectures  on  cliemistry  and  tliose  of  Tiedemann  on  anatomy.  Very 
soon,  however,  lie  annoiinced  liis  intention  of  becoming  a  chemist, 
an  annonncement  wbich  was  by  no  means  favourably  received  by  bis 
father,  to  whom  the  only  idea  wbich  it  conveyed  was  associated  with 
the  vision  of  a  sbop  window  with  bright  ligbts  shining  through 
corpulent  blue  and  yellow  bottles.  However,  the  young  student 
was  eventually  able  to  explain  the  real  nature  of  his  ambition  and 
to  get  his  father's  sanction  to  the  course  of  study  he  proposed.  In 
tbis  he  was  aided  by  Prof.  Gmelin,  who,  although  at  first  inclined 
to  think  the  lame  arm  and  the  loss  of  sight  of  one  eye  w'ere  enough 
to  make  a  chemical  career  impossible,  was  so  much  impressed  by  the 
zeal  and  intelligence  of  his  pupil  that  he  told  bis  parents  he  would 
certainly  be  a  chemist. 

In  the  years  of  wbich  we  are  speaking,  Giessen  was  the  centre  of 
chemical  activity,  in  a  sensé  that  no  other  place  ever  was  either 
before  or  since.  The  Giessen  Laboratory  was  the  first  ever  built 
specially  for  th©  réception  of  students,  and  Liebig's  activity  and 
genius  and  wonderful  power  of  communicating  bis  own  enthusiasm 
to  his  pvipils  were  creating  a  new  era  in  chemical  training  and  in- 
vestigation. Thither  Williamson  went  in  April,  1844,  and  he 
remained  there  for  two  years,  living  in  the  bouse  of  Prof.  Hille- 
brand,  the  jDrofessor  of  philosophy.  In  bis  first  semester,  besides 
working  at  cliemistry,  he  attended  Bischofï's  lectures  on  physiology. 
In  writing  to  bis  father,  he  speaks  of  the  "  clear  and  impressive  " 
style  of  thèse  lectures,  whicli  were  delivered  at  seven  o'clock  in  the 
morning,  and  says,  "  I  get  up  every  morning  regularly  before  six 
without  being  called."  He  seems  to  bave  been  somewhat  dis- 
appointed  with  the  first  lecture  he  heax'd  from  Liebig,  finding  it 
"  ratlier  tedious  from  the  extrême  elementary  manner  in  wliicli  lie 
treated  it,"  and  he  was  "  not  remarkably  pleased  with  bis  delivery." 
His  stay  at  Giessen  seems  to  bave  been  marked  by  great  industry  : 
he  was  enthusiastically  interested  in  his  work,  and  allowed  himself 
no  distraction  beyond  such  exercise,  chiefly  walking,  as  he  felt  to 
be  needful  for  his  health.  Now  and  then  he  took  part  in  a  ''  pic- 
nic,"  and  very  occasionally  lie  mentions  having  been  at  a  dance. 
He  was  impressed  by  the  earnestness  of  his  fellow-students  in  the 
laboratory,  and  speaks  of  them  as  being  "  a  superior  class  from  the 
generality  of  Heidelberg  students,  being  corne  liere  from  ail  quarters 
of  the  globe  for  scientific  purposes  and  devotiiig  themselves  to 
nothing  else."  He  continues,  "  the  chemists  are,  accordingly,  the 
principal  people  hère,  and  are  generally  much  respected."  Among 
Englishmen  who  were  at  Giessen  in  Williamson's  time  were  Hodges, 
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Blyth,  Walter  Cmm,  Brodie,  and  Sheridan  Muspratt.  Anderson 
(of  Glasgow)  immediately  preceded  him  as  an  inmate  with  Prof. 
Hillebrand. 

His  work  at  Giessen  resulted  in  the  publication  by  Williamson 
of  his  first  contributions  to  science,  namely,  "  On  the  Décomposition 
of  Oxides  and  Salts  by  Chlorine,"  "  On  Ozone,"  and  "  On  the  Blue 
Compounds  of  Cyanogen  and  Iron,"  which  ail  appeared  in  the 
Memoirs  and  Proceedings  of  the  Chemical  Society.  The  materials 
for  a  note  "  On  the  Constitution  of  Œnanthol,"  published  after  he 
left  Giessen,  were  also  accumulated  there. 

In  connection  with  the  immense  nvimber  of  investigators  whom 
Liebig  trained,  and  the  almost  countless  researches  that  issued  from 
his  laboratory,  it  is  of  some  interest  to  note,  as  an  indication  that 
thèse  results  were  not  attained  by  hurrying  his  pupils  on  pre- 
maturely  to  original  work,  befox-e  they  had  been  thoi'oughly  drilled 
in  routine  opérations,  that  when  Williamson,  a  little  more  than  a 
month  after  his  arrivai  at  Giessen,  proposed  to  examine  the  lower 
oxides  of  iodine,  Liebig  told  him  it  was  a  hopeless  task,  and  recom- 
mended  him  to  do  some  ash  analyses  instead. 

A  subject  which  seems  to  hâve  occupied  much  of  Williamson's 
thought  during  his  first  year  at  Giessen  was  the  theory  of  galvanism, 
which,  as  set  forth  by  Gmelin,  he  considered  "  particularly  imper- 
fect,  defective,  and  forced."  He  thought  out  and  put  on  paper  "  a 
System  which  seems  to  me  much  more  simple  and  natural."  In 
writing  to  his  parents  he  repeatedly  refers  to  electrical  experiments 
with  which  he  was  engaged,  and  in  April,  1845,  he  speaks  of  a 
paper  on  electricity  which  he  submitted  to  Liebig,  whose  réception  of 
it  was  much  more  favourable  than  he  had  expected,  "  for  it  was  the 
theory  of  Humphry  Davy  which  I  had  ventured  to  attack,"  With 
Williamson's  concurrence,  Liebig  submitted  the  paper  to  Buff. 
Williamson  speaks  of  Buff  as  "  one  who  considers  as  indubitable  the 
fundamental  principles  which  I  deny,"  and  he  is  amusingly  warlike 
in  speaking  of  the  advantage  he  expects  to  dérive  from  Buff's 
criticism  :  "  My  theory  will  thus  undergo  from  one  personally 
friendly  to  me  the  searching  criticism  to  which  it  would  otherwise 
first  be  exposed  from  the  public,  and  I  shall  thus  be  enabled  before 
publication  to  become  better  acquainted  with  the  defence  of  my 
opponents  from  a  preliminary  skirmish.  I  shall  obtain  an  idea  of 
the  method  of  warfare  to  be  pursued,  and  shall  accordingly  be  able 
to  arrange  and  dispose  my  forces  more  advantageously  for  the  battle 
than  would  otherwise  be  possible."  It  does  not  appear  that  this 
paper  to  which,  for  the  time  at  least,  Williamson  attached  so  much 
importance  was  ever  published.  It  is  not  impossible  that  Liebig's 
favourable  réception  of  it  indicated  rather  friendship  for  the  author 
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and  a  gênerai  high  opinion  of  his  powers  than  agi'eement  with  the 
spécial  views  therein  set  forth.  Without  apparently  committing 
himself  on  the  scientific  question  involved,  he  praised  the  writer's 
language  and  style,  and  expressed  surprise  that  he  should  be  "  able 
to  Write  in  such  a  manner  in  German." 

Williamson  was  naturally  highly  gratified  that,  in  the  course  of 
their  interview  about  the  electricity  paper,  Liebig  proposed  to  him 
that  he  should  take  the  degree  of  Doctor  of  Philosophy,  and  records, 
in  référence  to  the  particular  form  of  the  degree  suggested,  that  "  it 
is  an  honour  which,  as  I  hear,  Liebig  has  as  yet  conferred  only  on 
two  persons."  The  degree  seems  to  hâve  been  actually  conferred  in 
August. 

After  the  summer  of  1845,  Williamson  suspended  for  a  time  his 
chemical  studies  in  order  to  dévote  himself  to  mathematics  and 
physics.  He  worked  at  the  former  under  Zamminer,  and  at  the 
latter  with  Buff,  who  accorded  him  spécial  facilities  and  gave  him 
access  to  the  Physical  Cabinet.  This  apparently  was  what  William- 
son meant  when  he  said  he  was  allowed  "  the  use  of  an  institution 
to  which  no  student  in  Giessen  has  as  yet  been  allowed  access,  being 
only  inteuded  for  the  use  of  lecturers."  At  the  same  time  he 
attended,  five  times  a  week,  Hillebrand's  lectures  on  "  Literatur- 
geschichte  ";  thèse  were  given  in  the  evening,  and  "  profitably  filled 
up  an  hour  which  would  probably  otherwise  be  turned  to  little 
account." 

In  the  summer  of  1846  he  went  to  Paris,  and  stayed  there  for 
three  years.  His  cliief  occupation  during  this  time  was  the  study 
of  advanced  mathematics.  John  Stuart  Mill  had  recommended 
Auguste  Comte  to  Mr.  Williamson,  senior,  as  the  first  man  in 
Evirope  for  completing  a  scientific  éducation,  and  during  his  rési- 
dence in  Paris  Williamson  was  Comte's  pupil.  He  had  a  regular 
mathematical  lesson  thrae  times  a  week,  and  very  often  spent  his 
evenings  at  Comte's  house  with  him  and  his  disciples.  His  long 
and  intimate  association,  during  the  impressionable  years  of  early 
manhood,  with  such  a  man  as  Comte  cannot  hâve  been  without 
influence  on  his  subséquent  mental  characteristics,  and  it  is  possible 
that  such  an  influence  may  be  traced  in  a  certain  fondness  for 
generalities  that  Williamson  sometimes  showed,  and  in  occasional 
turns  of  phraseology. 

Notwithstanding  his  mathematical  studies,  his  mind  was  still 
occupied  with  chemistry.  He  set  up  a  laboratory  in  his  house  in 
Paris  (8  Rue  des  Francs  Bourgeois),  and  among  the  results  of  his 
work  succeeded  in  producing  urea  and  carbonic  acid  by  the  direct 
oxidation  of  an  amide.  Thèse  experiments  were  embodied  in  a 
paper  which  he  read  to  the  Italian  Scientific  Congress  at  Venice  in 
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1847.  He  speaks  also  of  haviug  beeu  "  engagea  in  an  extensive 
research,  whose  object  is  to  elucidate  some  obscure,  thougli  funda- 
mental,  chemical  pbenomena,  my  views  on  wliich  were  suggested 
and  gradually  developed  by  my  former  studies."  At  about  the 
same  time  he  says  he  iutends  to  "  go  on  with  a  research  on  the  laws 
of  chemical  action."  It  is  perhaps  not  unlikely  that  thèse  investi- 
gations, which  do  not  seem  ever  to  hâve  been  published,  may  hâve 
referred  to  the  views  on  the  interchange  of  atoms  among  neighbour- 
ing  molécules,  to  which  he  gave  emphatic  expression  a  year  or  two 
later. 

Early  in  1849,  Graliam  made  Williamson's  acquaintance  in  Paris, 
and  encouraged  him  to  become  a  candidate  for  the  professorship 
of  analytical  and  practical  chemistry  in  University  Collège,  London, 
which  was  then  vacant  through  the  death  of  its  first  holder,  George 
Fownes.  He  applied  and  was  appoiuted,  and  entered  on  his  duties 
in  the  following  October. 

At  the  beginning  of  his  first  collège  session,  Williamson  read 
himself  in  by  delivering  a  public  introductory  lecture  to  the  courses 
of  the  Faculty  of  Arts  and  Laws.  Of  this  lecture  it  is  perhaps  not 
unfair  to  say  that  the  best  part  of  it  was  the  title,  "  Development  of 
Différence  the  Basis  of  Unity."  The  discourse  itself  is  disappoint- 
ing,  and  mostly  consists  of  somewhat  obvions  generalities  set  forth 
with  a  philosophical  air,  but  coming  to  no  definite  point.  Graham 
kindly  congratulated  the  lecturer  on  his  musical  voice. 

Williamson's  first  few  years  at  University  Collège  constituted  a 
period  of  remarkable  activity  and  productiveness.  The  first  session 
of  ail  produced  his  mémorable  paper  on  etherification,  and  it  was 
soon  followed  by  valuable  j^apers  from  his  pupils  :  among  the 
earliest,  Duffy  on  stéarine  and  Wills  on  heptylic  alcohol.  The 
session  1853 — 1854  was  particularly  fruitful,  and  furnished  no  less 
than  six  expérimental  papers  by  himself  and  his  pupils.  At  this 
time  he  was  a  splendid  teacher,  always  in  the  laboratory,  going  from 
one  student  to  another,  arousing  and  maintaining  their  interest  in 
their  work,  and  ready  to  discuss  with  them  any  point  on  which 
they  sought  his  help.  Now  and  then,  when  Graham  was  obliged  to 
be  absent,  Williamson  would  lecture  on  gênerai  chemistry  in  his 
stead,  and  thèse  occasions  were  always  hailed  with  delight  by  some 
of  the  students  to  whom  he  seemed  to  bring  out  new  points  of 
interest  in  the  best-worn  subjects  by  the  freshness  of  his  treatment 
and  the  new  light  he  would  throw  on  them.  In  the  laboratory,  he 
abounded  in  new  devices.  If  there  was  a  traditionally  established 
way  of  conducting  a  given  opération,  this  was  to  him  rather  a  reason 
for  trying  a  new  plan  than  for  doing  it  in  the  old  way.  His  new 
methods   were  perhaps   not   always   important   improvements,   but 
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they  at  least  had  the  effect  of  preventing  his  pupils  from  falling  into 
a  stereotyped  routine  aud  thinking  that  because  a  thing  had  been 
done  in  one  way  before  it  could  never  be  done  in  any  other.  He 
would  never  admit  that  an  expérimental  difficulty  was  insurmount- 
able  :  "  If  yoii  know  clearly,"  he  would  say,  "  what  you  want  to  do, 
there  is  always  a  way  of  doing  it."  Kekulé,  Odling,  and  Brodie 
were  constant  visitors,  and  in  the  talk  of  thèse  men  m  Williamson's 
little  room  at  the  end  of  the  laboratory  the  seed  was  planted  of 
much  of  the  chemical  theory  of  the  day. 

Williamson's  great  achievement  was,  of  course,  the  theory  of 
etherification.  Tliis  was  first  published  in  a  paper  read  before  the 
British  Association  at  Edinburgh  on  Avigust  3,  1850,  and  after- 
wards  printed  in  the  Philosophical  Magazine,  1850,  [iii],  37, 
350 — 356.  A  further  publication  with  more  détails  was  made  two 
years  later  in  the  Quarterly  Journal  of  the  Chemical  Society.  His 
leading  idea  in  undertaking  the  research,  of  which  thèse  papers  were 
the  outcome,  was,  starting  from  common  alcohol,  to  climb  up  to 
higher  terms  of  the  homologous  séries.  With  this  view,  he  dissolved 
metallic  potassium  in  absolute  alcohol,  thus  replacing  one-sixth  of 
the  hydrogen  in  alcohol  by  potassium,  and  theu  substituted  ethyl 
for  the  potassium  by  actiug  on  the  potassium  compound  with  ethyl 
iodide.  The  resulting  product  was  a  substance  of  the  anticipated 
composition,  but  to  his  surprise,  instead  of  being  a  new  alcohol,  it 
was  nothing  more  than  common  ether.  The  explanation  which 
Williamson  himself  gave  of  this  resuit  now  seems  so  obvions  that  it 
requires  some  effort  to  see  that  an  explanation  was  needed,  but  at 
the  time  it  marked  a  step  of  immense  theoretical  importance. 

Up  to  the  date  with  which  we  are  concerned,  the  prevailing  ideas 
of  chemical  constitution  were  still  largely  influenced  by  the  notion 
of  binary  combination  which  grew  up  when  the  only  compounds 
that  were  at  ail  familiarly  known  were  metallic  salts.  Thèse  were 
regarded  as  secondary  compounds  formed  by  the  union  of  two 
primary  compounds,  a  metallic  oxide  and  an  (anhydrous)  acid. 
So-called  double  salts  were  looked  on  as  tertiary  compounds  formed 
by  the  combination  of  two  secondary  compounds.  Hydrated  acids 
and  bases  were  supposed  actually  to  contain  water,  which  might  be 
an  unavoidable,  but  was  a  non-essential,  constituent  :  caustic  potash 
was  KO,Aq  (0  =  8);  sulphuric  acid  was  SOgjAq.  In  the  same 
order  of  ideas,  ether  was  looked  on  as  oxide  of  ethyl,  CgH^O,  and 
alcohol  as  the  hydrated  oxide,  Qf.^rf^jHO.  It  is  true  that  Laurent 
and  Gerhardt  had  advocated  the  view  that  the  molécules  of  thèse 
substances  must  both  contain  the  same  quantity  of  oxygen,  namely, 
one  atom  of  twice  the  commonly  accepted  mass;  but  their  argu- 
ments, which    were  to  a  great  extent  founded  on  considérations  of 
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molecular  volumes  in  the  state  of  vapour,  were  not  as  yet  widely 
accepted.  What  Williamson  did  was,  in  the  first  place,  to  show 
what  was  the  true  genetic  relation  between  ether  and  alcohol,  and 
to  prove,  by  a  process  which  came  as  near  to  an  absolute  démonstra- 
tion as  is  possible  in  relation  to  any  question  of  chemical  constitu- 
tion, that  the  formation  of  ether  from  alcohol  is  due,  not  to  the 
loss  of  the  elejiients  of  water,  but  to  the  substitution  of  the  group 
or  radicle  C^H^  in  place  of  an  atom  of  hydrogen  ;  that  the  molécules 
of  water,  alcohol,  and  ether  ail  contain  the  same  quantity  of  oxygen  ; 
and  that  thèse  three  substances  form  a  true  séries  in  which  the 
relation  of  the  middle  term,  alcohol,  to  either  of  the  extrêmes  is  the 
same  as  that  of  the  other  extrême  term  to  it. 

He  showed,  iu  the  second  place,  that  in  the  ordiuary  process  of 
etherification  of  alcohol  by  sulphuric  acid  there  is  an  intei'change  of 
the  group  CgH^  for  hydrogen  between  the  alcohol  and  the  acid,  first 
in  one  direction  and  then  in  the  other,  and  he  maintained  that  this 
is  only  a  particular  example  of  what  goes  on  in  liquids  in  ail  cases 
— that,  in  fact,  the  molécules  of  a  liquid  are  not  structvires  per- 
manently  composed  of  the  same  individual  atoms,  bvit  that  they  are 
constantly  decomposed  and  reproduced  by  interchanging  atoms  with 
other  molécules.  If  the  interchanging  molécules  are  similar,  the 
results  of  the  exchange  of  atoms  are  similar  to  the  original  molécules; 
but  if  molécules  of  différent  kinds  are  présent,  the  interchange  gives 
rise  to  new  combinations  :  to  take  the  simplest  kind  of  case,  an  ex- 
change of  atoms  between  molécules  of  the  composition  AB  and 
molécules  CD  gives  rise  to  molécules  AD  and  CB,  which,  in  their 
turn,  reproduce  AB  and  CD.  There  are  thus  at  any  instant  molé- 
cules of  four  différent  kinds  in  présence  of  each  other,  instead  of 
only  two,  and  the  apparently  constant  composition  of  a  finite  por- 
tion of  the  mixture  results  from  the  number  of  transformations 
which  take  place  in  one  direction  in  each  élément  of  time  being 
sensibly  equal  to  the  number  taking  place  in  the  opposite  direction. 

A  few  years  later,  Clausius  was  led  from  a  différent  point  of  view 
to  similar  conclusions,  and,  as  is  well  known,  his  views  hâve  been 
developed  and  applied  to  the  explanation  of  a  great  variety  of 
phenomena  by  Arrhenius  and  others. 

In  1851,  the  year  after  the  first  publication  of  his  paper  on 
etherification,  Williamson  published  a  paper  "  On  the  Constitution 
of  Salts,"  in  which  he  worked  out  further  and  applied  to  a  great 
variety  of  cases  the  idea  already  employed  in  the  former  paper  when 
he  represented  the  molécules  of  water,  alcohol,  and  ether  as  con- 

TT      n  H        C  H 
stituted  on  the  same  model  ■.  jjO,      2^^'0,   q^jjJO.     The  keynote  of 

the  présent  paper  was  given  in  the  following  sentences:  "  I  believe 
that  throughout    inorganic    chemistry,   and    for    the    best-known 
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organic  compounds,  one  single  type  will  be  found  sufficient;  it  is 
that  of  water,  represented  as  containiug  2  atoms  of  liydrogen  to 

TT 

1  of  oxygen,  thus  ttO.  In  many  cases,  a  multiple  of  this  formula 
must  be  used,  and  we  shall  presently  see  how  we  thereby  get  an 
explanation  of  the  différence  between  monobasic  and  bibasic  acids 
.  .  .  ."  The  idea  of  tlie  vater-fype  set  fortli  in  tliis  paper  was  imme- 
diately  adopted  by  Gei'liardt,  Odling,  Kekulé,  and  many  of  the 
younger  chemists  of  tlae  time.  The  then  récent  discovery  of 
ethylamine  by  Wurtz,  and  Hofman's  discovery  of  diethylamine  and 
triethylamine  and  the  corresponding  derivatives  of  aniline,  had 
made  chemists  familiar  with  the  idea  of  the  existence  of  a  considér- 
able number  of  comj^ounds  the  properties  and  constitution  of  which 
were  best  understood  by  regarding  them  as  being  built  up  on  the 
same  type  as  ammonia.  Williamson  pointed  out  that  the  mutual 
relations  of  a  still  larger  class  of  substances  could  be  elucidated  by 
considering  them  as  constituted  on  the  type  of  water.  The  idea  has 
since  become  so  familiar  that  no  further  illustration  is  required  in 
this  place. 

In  1854  he  communicated  to  the  Royal  Society  a  note  on  the 
action  of  pentachloride  of  phosphorus  on  sulphuric  acid,  the  chief 
resuit  of  which  was  a  chloro-hydrate  of  sulphuryl,  intermediate 
between  chloride  of  sulphui-yl  and  sulphuric  acid,  as  shown  by  the 
formulas  : 

so.tr  »>■  «Ojo- 

Williamson  laid  stress  on  the  formation  of  this  substance  as  in- 
dicating  the  bibasic  character  of  sulphuric  acid  which  was  not  at 
that  time  by  any  means  generally  recognised.  This  substance  is 
further  of  theoretical  interest  as  the  first  example  of  the  class  of 
compounds  recognised  as  being  derived  from  a  mixecl  type.  This 
mode  of  formulation  was  afterwards  very  much  employed  by  Kekulé 
and  others  especially  to  repi'esent  the  mutual  relationship  of 
organic  compounds. 

The  most  fundamental  jDoint  of  chemical  theory  that  was  under 
discussion  during  the  years  we  hâve  been  speaking  of  was  the 
atomic  weight  of  oxygen,  or,  what  was  in  effect  the  same  thing, 
whether  a  molécule  of  water  contained  one  or  two  atoms  of  hydro- 
gen.  No  question  of  chemical  constitution  could  be  raised  which 
did  not  directly  or  indirectly  involve  this  point,  and  it  may  be  fairly 
said  that  no  chemist  made  a  more  effective  contribution  towards  the 
décision  of  the  controversy,  in  the  way  that  has  long  been  univer- 
sally  admitted,  than  did  Williamson  by  the  facts  and  arguments 
brought  forward  in  papers  we  hâve  been  considering. 

VOL.   LXXXVII.  T   T 
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lu  1855  Graham  resigned  the  Cliair  oï  Chemistry  in  University 
Collège  on  being  appointée!  Master  o£  the  Mint,  and  Williamson  was 
appointed  to  succeed  him,  while  still  retaining  his  previons  Chair  of 
Analytical  and  Practical  Chemistry.  He  continiied  to  hold  both 
appointments  uutil  1887,  when  he  retired  from  the  Collège.  He 
entered  upon  his  extended  duties  with  great  energy,  spending  mnch 
labour  and  nioney  on  the  préparation  and  illustration  of  his 
lectures,  and  he  induced  his  former  pupil,  Dr.  (now  Sir  Henry) 
Roscoe,  to  help  him  by  taking  for  the  fîrst  session  the  office  of 
lecture-assistant. 

A  few  words  more  may  be  said  hère  about  his  woi-k  at  University 
Collège.  As  a  teacher  he  was  clear  and  impressive,  and,  although 
in  a  miscellaneous  class  largely  composed  of  médical  students  there 
were  naturally  always  a  good  many  whose  atteudance  was  only  per- 
functory,  those  who  wanted  to  learn  never  found  him  dull  or  unin- 
structive.  In  the  later  years  especially  his  time  was  much  in 
demand  by  outside  scientific  bodies — as  the  Chemical  and  Royal 
Societies,  the  British  Association,  the  Society  of  Telegraph 
Engineers  (now  Institution  of  Electrical  Engineers),  of  which  he 
was  one  of  the  founders,  the  University  of  London,  and  many  other 
organisations,  ^Dermanent  or  temporary,  besides  numberless  meetings 
and  committees  concerned  with  the  work  of  the  Collège  itself.  In 
the  latter  connection,  his  clearness  of  view  and  directness  in  advocat- 
ing  what  he  considered  the  wise  and  right  course  gave  him  great 
influence  with  his  colleagues  and  the  Council.  He  took  a  leading 
part  in  promoting  many  important  reforms  and  imj)rovements  in 
the  work  and  organisation  of  the  Collège,  as,  for  examjDle,  the  estab- 
lishment of  a  Faculty  of  Science  and  the  introduction  of  laboratory 
work  for  engineering  students,  thus  helping  to  inaugurate  a  new 
System  of  engineering  éducation,  which  was  soon  adopted  in 
every  engineering  school  of  the  country.  He  was  also  one  of  the 
foremost  in  promoting  the  institution  of  degrees  in  science  in  the 
University  of  London.  He  acted  as  an  examiner  for  the  University 
for  two  periods  of  five  years,  and  was  a  member  of  the  Senate  from 
1874. 

A  natural  resuit  of  such  occupations  was  that,  in  the  later  years 
of  his  professorship,  he  was  obliged  to  entrust  the  detailed  super- 
vision of  his  laboratory  more  and  more  to  the  care  of  assistants. 

The  idea  of  interchange  of  atoms  between  molécules  in  contact 
with  eacli  other,  to  which  Williamson  gave  expression  in  his  paper 
on  etherification,  long  interested  him.  In  the  autumn  of  1856  he 
began  a  séries  of  experiments  with  the  view  of  investigating  the  con- 
ditions that  influenced  the  rate  of  change  in  a  particular  case.  The 
plan  of  the  first  experiments  was  to  expose  weighed   quantities  of 
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ethyl  chloride  to  prolouged  contact  witli  aqiieous  solutions  of  silver 
nitrate  of  known  concentrations  at  a  fixed  température,  and  to 
observe  tlie  quantities  of  silver  chloride  formed  in  measured  times. 
During  tlie  préparation  of  etliyl  chloride  for  thèse  experiments, 
which,  however,  were  never  completed,  he  was  severely  eut  and 
burned  about  the  face  by  an  explosion,  but,  fortunately,  was  not  per- 
mauently  injured. 

Soon  after  1860  he  became  much  interested  in  practical  applica- 
tions of  science,  and  for  several  years  he  had  sanguine  hopes  of 
effecting  important  improvements  in  the  steam  engine  by  the  use 
of  steam  under  very  high  pressure.  A  few  years  later,  he  bought  a 
pièce  of  land  and  put  up  buildings  near  Willesden  Junction,  in- 
tending  to  carry  on  there  varions  chemical  processes  on  a  manufac- 
turing  scale.  He  was  greatly  impressed  by  the  enormous  possibilities 
offered  by  Siemens's  regenerative  furnace,  and  this  led  to  his  taking 
au  active  part  in  the  Landore  Siemens  Steel  Company. 

In  conjunction  with  Dr.  W.  J.  Russell,  he  devised  a  process  for 
the  analysis  of  gases,  in  which  the  methods  of  allowing  for  changes 
of  pressure  and  température  were  greatly  simplified.  The  gênerai 
idea  was  to  place  close  to  the  tube  containing  the  gas  to  be 
measured,  so  as  to  be  at  the  same  température,  a  second  tube  con- 
taining a  constant  quantity  of  air  at  a  pressure  somewhat  less  than 
that  of  the  atmosphère,  and,  in  making  a  measurenient,  first,  by 
raising  or  lowering  this  tube,  to  bring  the  mercury  in  it  to  a  fixed 
mark  and  so  the  air  to  a  fixed  volume;  then  to  raise  or  lower  the 
measuring  tube  so  as  to  bring  the  mercuiy  in  it  to  the  same  level  as 
that  in  the  air-tube.  It  is  easy  to  see  that  this  artifice  does  away 
with  the  necessity  for  kuowing  the  actual  température  or  pressure 
of  the  gas  to  be  measured;  for,  remembering  that,  for  a  given 
sensibly  perfect  gas,  the  quantity 
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273 +  t 


constant  x  mass  of  the  gas, 


it  will  be  seen  that,  the  volume  of  the  fixed  quantity  of  air  being 
made  the  same  at  each  observation,  the  ratio  j'/ (273 -fi)  is  constant, 
and  applies  to  the  gas  under  examination  as  well  as  to  the  air; 
consequently,  the  mass  of  the  gas  is  proportional  to  its  vohxme. 

Another  suggestion  connected  with  chemical  calculations  relatiug 
to  gases  which  he  persistently  advocated  was  to  define  "  one  volume  '' 
of  a  gas  as  meaning  1119  litres  at  0°  and  under  a  pressure  of  7G  cm. 
mercury,  this  being  the  volume  under  the  conditions  naraed  of  1 
gi-am  of  hydrogen,  or  of  an  équivalent  quantity  of  any  other  nearly 
perfect  gas.     However  useful  such  a  convention  might  be,  it  be- 
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cornes  unnecessary  if  it  is  kept  in  mind  that,  for  1  gram  of  any 
nearly  perfect  gas,  the  value  of  the  quantity 

2JV        _    qAQ4^     iiia«s  in  grams 
273  +  t  1  gram-eqnivalent 

in  (ill  clrcnmstances,  if  t  is  température  centigrade,  v  volume  in 
ce,  and  ^y  pressure  in  centimètres  of  mercury.  This  is  the  one 
numerical  datum  relating  to  gases  that  it  is  useful  for  a  chemist  to 
remember. 

In  1865  Williamson  publislied,  through  the  Clarendon  Press,  an 
elementary  text-book  under  the  title  "  Chemistry  for  Students,"  a 
work  whicli  has  passed  through  several  éditions.  The  aim  of  the 
book  is  thus  described  in  the  pi-eface  :  "  This  little  book  is  intended 
to  supply  to  students  of  chemistry  an  outline  of  the  most  interesting 
and  useful  facts  pertaining  to  the  science,  and  of  the  most  important 
ideas  that  hâve  been  got  from  a  study  of  those  facts. 

"  The  method  of  exposition  differs  from  that  which  is  adopted  in 
most  other  treatises  of  Chemistry  ;  for  I  describe  and  compare  indi- 
vidual  facts,  so  as  to  lead  the  mind  of  the  reader  towards  gênerai 
principles,  instead  of  stating  gênerai  principles  first  and  then  pro- 
ceeding  to  illustrate  them  by  détails." 

During  the  composition  of  this  book  he  was  led  to  consider  care- 
fully  varions  current  questions  of  chemical  terminology,  and,  besides 
embodying  his  conclusions  in  his  text,  he  made  them  the  subject  of 
a  paper  communicated  to  the  Chemical  Society.  The  points  chiefly 
insisted  on  in  this  paper  were  the  systematic  use  of  such  names  as 
sodic  chloride,  argentic  nitrate,  hydro-potassic  sulphate,  hydro- 
disodic  phosphate,  methylic  acétate,  and  the  like,  instead  of  chloride 
of  sodium,  &c.,  and,  secondly,  the  application  of  the  name  acid  to 
such  substances  as  CO.,,  SO3,  N^O-  ....  He  called  HgSO^  hydric 
sulphate,  HNO3  hydric  nitrate  ....  or  simply  sulphate,  nitrate,  &c. 

By  the  recommendation  of  Mr.  (now  Sir  Augustus)  Prévost,  who 
was  a  member  of  the  Council  of  University  Collège,  London,  five 
young  Japanese  noblemen  were  put  under  Williamson 's  care  by 
Mr.  Matheson,  of  the  firm  of  Jardine,  Matheson  and  Co.  This  was 
in  November,  1863,  at  the  very  beginning  of  the  intercourse  between 
Japan  and  European  science.  Thèse  young  men  left  their  own 
counti-y  at  the  risk  of  their  lives  and  some  of  them  under  assumed 
names;  they  came  to  England  to  make  a  systematic  study  of  Euro- 
pean science  and  civilisation,  and  they  could  hardly  hâve  met  with 
more  kindly  and  judicious  guidance  and  supervision  than  they  re- 
ceived  from  Williamsou.  Three  of  them,  of  whom  the  well-known 
Marquis  Ito  was  one,  lived  in  his  house,  one  of  them  for  nearly  four 
years,  and  ail  on  returning  to  Japan  attained  positions  of  influence 


OBITUARY.  617 

ind  importance.  Two  or  three  years  later,  Prince  Satsuma  sent  over 
ùxteen  more  young  men  to  study  under  Williamson's  direction; 
imong  thèse  were  Mori  Arinori,  afterwards  Japanese  Minister  in 
Paris  and  London  successively  ;  Yoshida,  who  became  Envoy  Extra- 
ordinary  to  Washington;  and  Sameshima,  who  died  in  Paris  as 
Chargé  d'Affaires. 

In  many  respects,  Williamson  was  admirably  qualified  to  exercise 
î,  bénéficiai  influence  on  the  band  of  earnest  young  inquirers  who 
were  put  under  his  care.  He  combined  strength  and  décision  of 
^haracter  with  sound  judgment  and  much  kindliness  of  feeling,  and 
his  standard  of  personal  conduct  and  honour  was  uniformly  high, 
while  his  familiarity  with  the  life  of  France  and  Germany,  and 
with  many  of  the  leading  men  of  those  countries,  gave  him  a  wide 
outlook  and  a  freedom  from  mère  insular  préjudices. 

After  his  retirement  from  his  Professorship  in  1887,  Williamson 
went  to  live  at  Hindhead,  near  Haslemere,  where  he  built  himself 
a  house  and  interested  himself  in  farming.  He  only  rarely  came  to 
London  to  take  part  in  scientific  gatherings,  but  he  continued  for 
several  years  to  attend  to  the  duties  of  his  office  as  Chief  Gas 
Examiner  to  the  Board  of  Trade. 

This  notice  cannot  be  concluded  better  than  by  quoting  from 
Nature  (May  12,  1904)  a  few  lines  in  which  Dr.  T.  E.  Thorpe 
sketches  some  of  the  leading  points  of  Williamson's  mind  and 
character  : 

"  Like  most  original  thinkers,  he  was  somewhat  tenacious  of 
opinions,  and  apt  to  be  dogmatic  in  their  utterance.  His  beliefs 
were  too  hardly  won  to  be  lightly  discarded.  But  although  at 
times  impatient  of  contradiction,  he  had  too  strong  a  regard  for 
truth,  was  too  sincère  and  broad-minded  a  man  to  persist  in  any 
opinion  if  its  unreasonableness  was  made  clear  to  him.  Like 
Carlyle,  his  philosophy  was  largely  swayed  by  his  émotions,  and,  like 
Carlyle's,  his  judgments  on  men  and  things  were  apt  to  be  tinctured 
by  the  mood  of  the  moment — a  fact  which  may  serve  to  account  for 
seeming  inconsistencies  in  their  expression. 

"  He  had  a  high  sensé  of  duty,  and  of  the  responsibilities  of  his 
position  as  a  représentative  man  of  science.  Although,  like  many 
strong  men,  fond  of  power,  he  was  in  no  sensé  a  self-seeking  man, 
and  was  contemptuous  of  the  artifices  by  which  smaller  and  more 
ambitions  men  seek  to  gain  preferment." 

Williamson  married,  in  1855,  Emma,  third  daughter  of  Thomas 
Hewitt  Key,  F.R.S.,  Headmaster  of  University  Collège  School  and 
Professer  of  Comparative  Grammar  in  University  Collège.  He 
leaves  a  son,  Dr.  Oliver  Key  Williamson,  and  a  daughter,  who  is 
married  to  Dr.  A.  H.  Fison. 
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He  was  Président  of  the  Chemical  Section  of  the  British  Associa- 
tion at  the  meeting  at  Newcastle  in  1863,  and  again  at  the  Jubilee 
Meeting  at  York  in  1881  ;  he  was  Président  of  the  Association  at  the 
Bradford.  meeting  in  1873,  and  General  Treasiu'er  from  1874  to 
1891. 

He  was  elected  a  Fellow  of  the  Royal  Society  in  1855,  and  served 
three  times  on  the  Council;  he  received  a  Royal  Medal  in  1862,  and 
was  Foreign  Secretary  from  1873  to  1889. 

He  joined  the  Chemical  Society  in  1848,  and  was  Président  from 
1863  to  1865,  and  again  from  1869  to  1871.  He  was  a  Correspond- 
ing  Member  of  the  Academy  of  Sciences,  Paris,  a  member  of  the 
Berlin  Academy,  and  received  honorary  distinctions  from  many 
other  learned  bodies,  British  and  foreign. 

He  died  athis  house,  High  Pitfold,  Hindhead,  on  May  6th,  1904. 

G.  Carey  Foster. 


LXI. — The  Resolution  of  Inactive  Glyceric  Acid  hy 

Fermentation  and  hy  Brucine. 

By  Percy  Faraday  Frankland  and  Edward  Done,  M.Sc. 

In  a  communication  by  C.  Neuberg  and  M.  Silbermann  "  On  d-  and 
^-Glyceric  Acid"  {Ber.,  1904,  37,  339),  thèse  authors  state  that  by  the 
action  of  lime  on  o?-glucuronic  acid  they  hâve  obtained  an  optically 
active  glyceric  acid,  the  anhydrous  barium  sait  of  which,  in  aqueous 
solution,  has  a  spécifie  rotation  [a]u  +17-1",  which  thus  differs  most 
materially  from  that  of  the  enantiomorphous  barium  sait  described 
many  years  ago  by  one  of  us  (P.  Frankland  and  Appleyard,  Trans., 
1893,  63,  299),  and  for  which  the  value  [a]},"  -  10-01°  (anhydrous 
sait)  (c  =  10)  was  given. 

Neuberg  and  Silbermann  further  support  the  new  value  found  by 
them  by  resolving  inactive  glyceric  acid  by  means  of  brucine  and 
obtaining  a  barium  sait  giving,  in  aqueous  solution,  [a]i,  -  17-38° 
(anhydrous  sait)  (c==^  7*704),  and  remark,  "Inasmuch  as  the  barium 
glycerate,  prepared  from  glucuronic  acid,  exhibits,  under  the  same  con- 
ditions, an  opposite,  but  eqvially  large,  rotatory  power  ([a]u  +17-1°), 
there  can  be  no  doubt  as  to  the  ^Hirity  of  the  compound." 

The  close  coincidence  between  the  rotatory  values  found  by  them 
for  the  two  enantiomorphous  barium  salts  was,  indeed,  calculated  to 
throw  the  gravest  doubt  not  only  on  the  previous  value  obtained  by 
P.  Frankland  and  Appleyard,  but  inferentially  on  the  optical  purity 
of  ail  the  numerous  derivatives  of  active  fermentation  glyceric  acid 
prepared  and  described  by  P.  Frankland  and  his  pupils. 
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The  necessity  of  further  investigating  thèse  cuntiicting  results  was 
the  more  cogent  as  Neuberg  and  Silbermanu  supplemented  tlie  descrip- 
tiou  of  their  experiments  by  the  remark  that  "the  expériences  of 
récent  years  hâve  shown  that  the  préparation  of  optically  active  forms 
by  means  of  biological  methods  frequently  aiïords  no  guarantee  of  the 
purity  of  the  substances  in  t|uestiou,  and  especially  not  of  complète 
freedom  from  the  racemic  body,"  a  statement  which  thus  attempts  to 
discrédit  biological  methods  of  préparation  in  gênerai. 

With  a  view  to  testing  the  accuracy  of  the  plausible  expérimental 
results  and  sweeping  criticism  of  Neuberg  and  Silbermann,  we  hâve 
been  obliged  to  undertake  the  minute  and  tedious  investigation  re- 
corded  in  the  présent  paper.  In  this  investigation  we  hâve  succeeded 
in  resolving  inactive  glyceric  acid  by  means  of  the  fractional  crystal- 
lisation  of  the  brucine  sait,  and  the  results  we  hâve  obtaiued  contirm 
the  substantial  accuracy  of  the  value  previously  given  by  P.  Frankland 
and  Appleyard  for  the  optical  activity  of  the  barium  sait.  The  due, 
however,  to  the  much  higher  and  concordant  values  Jor  hoth  barium 
fialtii  found  by  Neuberg  and  Silbermann  lias  only  just  been  furuished 
by  thèse  authors  at  the  end  of  a  jxiper  in  the  Zeitschrift  fur  pliyslo- 
logi)iche  Chemie,  1905,  44,  Hô,  in  which  they  give  a  new  value  for  the 
anhydrous  barium  sait  of  ^-glyceric  acid  [ajo  +9*9^,  and  append  a 
foot-note,  in  diamond  type,  in  Avhich  they  state  that  their  préviens 
values  of  [aj^  +17'P  and  [a]u  -  17'38^  for  the  anhydrous  barium 
salts  of  l'  and  c^glyceric  acids,  respectively,  prepared  by  two  entirely 
diiïerent  methods,  were  erroneous  in  conséquence  of  a  faulty  polari- 
meter  (displacement  of  the  zéro  of  the  instrument). 

Inasmuch  as  the  erroneous  values  published  by  Neuberg  and  Silber- 
mann hâve,  through  the  long  delay  *  in  their  correction,  been  incor- 
porated  in  Prof  essor  Pope' s  summary  t  of  Stereochemistry  {Chem.  Suc. 
Annual  Reports  on  ihc  Progress  of  Chemistrg,  1904,  1,  137),  it  appears  to 
us  of  importance  that  the  expérimental  détails  on  which  the  quantita- 
tive values  for  the  optical  activity  of  the  derivatives  of  cZ-glyceric  acid 
dépend  should  be  permanently  placed  on  record  to  prevent  confusion 
in  the  future. 

The  identity  which  we  hâve  proved  to  exist  between  the  rotation  of 
barium  (:^glycerate  prepared  from  c?-glyceric  acid  obtained  by  the 
fermentation  of  calcium  r-glycei-ate  by  means  of  the  JBacillus  ethaceticus 
(Frankland  and  Frew),  and  that  of  barium  c^glycerate  prepared  from 
t^glyceric  acid  obtained  by  resolution  of  r-glyceric  acid  by  means  of 

*  The  substance  of  the  résulta  obtaiuetl  iu  our  leinvostigation  was  already 
privately  commuiiicated  by  us  to  Dr.  Neuberg  on  May  10,  1904  ;  his  Lorrei'tion  iu 
the  Zeit.  phi/siol.  CIicil.  is  clated  Feb.  10,  1905. 

t  lu  this  summary  there  is  a  confusion  between  d-  ami  ^glyceric  acids.  It  shuuld 
be  borne  in  miud  that  the  t^acid  gives  lievorotatwry  salts,  the  ^acid  dextrorotatory 
salts. 

U   U   2 
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brucine,  should  further  once  and  for  ail  dispose  of  the  allégations  as 
to  the  uncertainty  of  the  biological  methods  of  preparing  o]itically  active 
compounds,  inasmuch  as  the  élément  of  "uncertainty"  in  polarimetric 
values  is  to  be  sought  for  in  an  altogether  différent  quarter. 

Expérimental. 

Barium  à-Glycerate  from  Fermentation  à-Glyceric  Acid. 

The  fermentation  calcium  glycerate  (P.  Frankland  and  Frew,  Trans., 
1891,  59,  81  and  96),  which  was  employed  as  the  source  of  the 
c/glyceric  acid,  gave  the  following  analytical  and  polarimetric  results  : 

I.  0-3533  gave  0-1674  CaSO^.     Ca=  13-94. 
II.  0-3392     „     0-1611  CaS04.     Ca=  13-97  per  cent. 

On  heating  until  constant  at  130°  : 

L  0-2475  lost  0-0310.     HoO  =  12-52. 
II.  0-2768    „    00346.     HÔ0  =  12-50. 
Ca(C3H.04)._,,2R,0  requires  Ca=  13-98  ;  H20  =  12-58  per  cent. 

An  aqueous  solution  gave 

a^  -2-343°,  «  =  17°,  ^=  1-9984,  c  =  10-0072, 
[a]r  -11-61°,  Ca(C3H,04)o,2H20, 

which  thus  agrées  with  the  value  previously  found  by  P.  Frankland 
and  Appleyard  (loc.  cit.), 

[a]U'   -11-59°. 

For  the  préparation  of  the  barium  sait,  20  grams  of  the  above  active 
calcium  glycerate  were  dissolved  in  water  and  the  glyceric  acid 
liberated  by  the  addition  of  the  calculated  amount  of  oxalic  acid,  the 
precipitated  calcium  oxalate  being  removed  by  filtration.  To  the 
filtrate,  a  slight  excess  of  pure  baryta  was  added  and  carbon  dioxide 
passed  through  the  solution  to  saturation.  The  liquid  was  concentrated 
almost  to  a  syrup,  and,  after  filtering  off  the  precipitated  barium 
carbonate,  poured  into  a  large  volume  of  absolute  alcohol.  The 
barium  glycerate  séparâtes  as  a  waxy  mass  which  gradually  hardens 
on  standing  for  several  days  in  contact  Avith  the  alcohol.  A.  more 
crystalline  product  is  obtained  by  dissolving  the  waxy  mass  in  a  very 
small  volume  of  water,  adding  absolute  alcohol  until  a  slight  turbidity 
appears  in  the  hot  solution,  when,  on  allowing  it  to  cool  slowly,  the 
barium  .«-ait  séparâtes  in  shining  plates. 

The  crystals,  after  being  air-dried  for  several  days,  gave  the  follow- 
ing rotation  in  aqueous  solution  ; 

ao  -1-954°,  «  =  20°,  Z=  1-9984,  c-10, 
[a]r   -9-772°,  Ba(C,H,OJo,2H,0. 
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The  rotation  was  also  taken  in  a  solution  of  about  the  same  concen- 
tration as  that  employée!  by  Neuberg  and  Silbermann  (Ber.,  1904,  37, 
340): 

od  -1-582°,  t  =  20°,  ;=  1-9984,  c  =  7-7024, 
[a]r  -10-28°,  Ba(C3H,04),,2HoO. 

Another  spécimen  of  the  barium  sait,  prepared  in  the  same  way  but 
recrystallised  three  times,  gave  : 

«D  -1-959°,  t  =  20°,  ^=  1-9984,  c  =  9-892, 
[a]r  -9-908°,  Ba(C3H,0,)2,2H20. 

-  10-93°  {for  the  anhydrous  sait). 

I.  0-3851  gave  0-2348  BaSO^.  Ba  =  35-89. 

IL  0-3960     „     0-2410  BaSO^.  Ba  =  35-83. 

III.  0-2728     „     0-1658  BaSO^.  Ba  =  35-77. 

IV.  0-3900     „     0-2370  BaSO^.  Ba  =  35-77  per  cent. 

On  heating  until  constant  at  130°  : 

I.  0-3365  lost  0-0310.     H20  =  9-22. 
IL  0-4718    „    0-0435.     H20  =  9-22. 
III.  0-4220    „    0-0380.     H2O  =  9-00. 
Ba(C3H-P^)2,2H._,0  requires  Ba  =  35-83  ;  H20  =  9-39  per  cent. 

The  sait  was  also  heated  until  constant  at  130°  and  then  submitted 
to  analysis  : 

L  0-3069  gave  0-2062  BaSO^.     Ba  =  39-56. 

IL  0-4293     „     0-2883  BaSO^.     Ba  =  39-53. 

IIL  0-3840     „     0-2580  BaSO^.     Ba  =  39-55. 

Ba(C3ÏÏ-04)._,  requires  Ba  =  39-56  per  cent. 

Thèse  figures  leave,  therefore,  no  doubt  as  to  the  chemical  purity  of 
the  barium  sait  obtained  from  the  fermentation  of  calcium  glycerate, 
whilst  the  spécifie  rotation,  although  substantially  similar  to  that  pre- 
viously  found  by  P.  Frankland  and  Appleyard,  is  a  little  higher, 
probably  in  conséquence  of  the  greater  purity  of  the  barium  sait, 
which  had  not  before  been  obtained  in  such  a  perfectly  crystalline 
condition. 

Attempt  to  further  résolve   hy   means   of  Brucine  the    Active  Glyceric 
Acid  obtained  by  Fermentation. 

First  Experiment. — To  a  solution  containing  33  grams  of  brucine, 
dissolved  in  the  least  possible  quantity  of  hot  ethyl  alcohol,  vrere 
added  7  grams  of  active  glyceric  acid.  On  standing  for  24  hours,  only 
a  few  nodules  had  separated,  but,  on  stirring,  a  large  quantity  of 
brucine   sait  was  precipitated.     The  latter  was  twice   recrystallised 
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from  aljsolute  alcohol,  then  dissolved  in  the  least  possible  quantity  of 
water  and  decomposed  with  <\  sligbt  excess  of  baiyta.  After  standing 
overnight,  the  brucine  was  filtered  oiï  and  the  solution  repeatedly 
shaken  with  chloroform  to  reniove  the  alkaloid  remaining  in  solution. 
The  liquid  was  then  saturated  with  carbon  dioxide,  concentrated,  and 
the  barium  carbonate  filtered  off.  The  barium  glycerate  was  precipi- 
tated  with  alcohol,  and,  after  being  air-dried  for  several  days,  gave  the 
following  results  : 

I.  0-3700  gave  0-2262  BaSO^.     Ba- 35-99. 
11.0-3755     „     0-2293  BaSO^.     Ba  =  35-95. 

Ba(C3HrP4)2,2H20  requires  Ba  =  35-83  per  cent. 

The  rotation  in  aqueous  solution  was  : 

aT   -1-934°,  Z=  1-9984,  c  =  10-0048, 
[air  -9-679°, 

-  10-68°  (for  the  anhydrous  sait). 

Tlie  sait  was  then  recrystallised,  after  which  : 

aiT  -1-93.3°,  Z=l-9984,  c  =  10-0248, 
[a]r  -9-656°, 

-  10-66°  (for  the  anhydrous  sait). 

It  was  thus  évident  that  the  Irucine  liad  not  further  resolved  the  active 
(jh/ceric  acid  ohtained  hj  the  fermentation  of  inactive  calcium  glycerate 
ivith  the  BaciUus  ethaceticus. 

Second  Experiment. — This  was  carried  out  on  the  same  lines  as  the 
first,  but  with  no  less  than  20  grams  of  active  glyceric  acid  and 
88  grams  of  brucine.  The  brucine  sait  was  recrystallised  four  times 
from  alcohol  under  the  précise  conditions  which  we  had  found  effective 
in  resolving  inaotive  glyceric  acid  (see  p.  623).  The  barium  sait 
obtained  had,  however,  again  the  same  rotation  in  aqneons  solution. 
Thus  : 

aiT  -1-589°,  ^=1-9984,  c  =  8-2088, 
[a]r  -9-685°, 

-  10-69"  (for  the  anhydrous  sait). 

Resolution  of  Inaclive  Glyceric  Acid  by  means  of  Brucine. 

First  Experiment. — Twenty-five  grams  of  inactive  glyceric  acid 
(Kahlbaum)  were  added  to  110  grams  of  brucine  dissolved  in  the 
least  possible  amount  of  hot  absolute  alcohol.  After  standing,  for 
24  hours,  the  brvicine  sait  separated  on  stirring.  It  was  filtered  off 
and  recrystallised  four  times  from  absolute  alcohol,  the  solution  each 
time  being  allowed  to  stand  overnight.  The  sait  was  then  dissolved 
in  water,  decomposed  with  a  slight  excess  of   baryta,  and  the  further 
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purification  of  the  baiium  sait  carried  out  as  already  described  on 
p.  622.  The  air-dried  barium  sait  gave  tlie  following  rotation  in 
aqueous  solution  : 

ai;' -1-983°,    ^=  1-9984,    c  =  9-9868, 
[a]^;''- 9-938^, 

-  10-97°  (for  the  anhydrous  sait). 

Thus  hy  vieans  of  hrucine  a  resolution  of  the  inactive  glyceric  acîd 
had  been  accomplished,  and  ihe  bar  mm  sait  ])repared  from  the  more 
insoluble  of  the  two  hrucine  glycerates  e.rhibited  practically  the  same 
spécifie  rotation  in  aqueous  solution  (-10-97°)  as  the  barium  sait 
(  -  10-93°)  prepaved  from  the  active  fermentation  glyceric  acid. 

Second  Experiment. — In  this  case,  the  inactive  glyceric  acid  was 
obtained  from  80  grams  of  Kahll)aum's  inactive  calcium  glycerate  (this 
beiog  tlie  material  which  had  always  been  used  in  the  préparation  of  the 
active  glyceric  acid  by  fermentation);  264gramsof  brucinewere  employed 
in  the  same  manner  as  described  above  (p.  622).  The  brucine  sait  was 
recrystallised  six  times  from  alcohol.  On  preparing  the  barium  sait, 
we  were  astonished  to  find  that  it  was  inactive  and  that  it  had  a 
distinctly  différent  appearance  from  the  active  sait,  for  even  after 
recrystallisation  it  could  not  be  obtained  in  shining  plates. 

Putting  aside  the  remote  possibility  that  the  calcium  glycerate  used 
was  not  really  glycerate  at  ail,  two  explanations  of  this  anomalous 
resuit  suggested  themselves.  Either  in  conséquence  of  the  accidentai 
conditions  under  which  the  crystallisation  of  the  brucine  sait  took 
place  no  resolution  had  occurred,  or  racemisation  had  been  brought 
about  during  the  préparation  of  the  barium  sait. 

In  order  to  see  whether  concentrating  solutions  of  the  barium  sait 
led  to  racemisation,  we  evaporated  a  solution  of  active  barium 
glycerate  no  less  than  twelve  times  to  dryness  on  the  water-bath,  but 
found  that  no  racemisation  had  occurred,  whilst  in  order  to 
ascertain  whether  the  excess  of  baryta  might  exert  a  racemising  effect, 
we  evaporated  a  solution  of  active  barium  glycerate  with  excess  of 
baryta  several  times,  but  found  that  no  sensible  diminution  in  the 
rotatory  power  had  taken  place. 

We  concluded,  therefore,  that  the  failure  to  obtain  a  resolution 
must  bave  been  due  to  accidentai  conditions  (probal)ly  of  température) 
prevailing  during  the  séparation  of  the  brucine  sait. 

Third  Experiment. — (Séparation  of  brucine  glycerate  under  definite 
conditions  of  température.)  Thirty  grams  of  inactive  glyceric  acid 
obtained  fi-om  inactive  calcium  glycerate  (Kahlbaum)  were  added  to  a 
saturated  solution  of  132  grams  of  brucine  in  absolute  alcohol.  The 
beaker  containing  the  hot  solution  of  brucine  sait  was  placed  in  a 
large  water-bath  at  the  same  température,  the  surface  of  the  water  in 
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the  bath  being  at  the  same  level  as  that  of  the  liquid  in  the  beaker;. 
The  whole  was  allowed  to  cool  down  together,  the  liquid  in  the  beaker- 
being  stirred  eveiy  five  minutes  to  pi'event  the  formation  of  a  super- 
saturated  solution. 

The  brucine  glycerate  was  in  this  way  recrystallised  four  times  :  oui 
the  first  two  occasions,  the  séparation  took  place  between  20°  and  18°,. 
whilst  on  the  last  two  crystallisation  began  at  40°,  but  the  tempéra- 
ture was  not  allowed  to  fall  below  18°.  The  time  taken  over  each 
crystallisation  was  four  hours,  and  during  the  night  the  brucine  sait 
was  always  left  on  a  porous  plate  to  prevent  any  further  séparation  of 
crystals  at  a  lower  température. 

The  air-dried  barium  sait  prepared  from  the  brucine  sait  gave  thja 
following  rotation  in  aqueous  solution  : 

a^- 1-917°,  Z=  1-9984,  c  =  9-92, 
[a]r-9-67°, 

-  10-67°  (for  the  anhydrous  sait). 

The  failure  to  obtain  a  resolution  in  the  second  experiment  is  of 
spécial  interest  in  connection  with  the  récent  clear  exposition  by 
Meyerhoffer  {Ber.,  1904,  37,  2604)  of  the  température  conditions- 
which  are  necessary  for  the  resolution  of  a  racemoid  acid  by  an  active- 
base  or  of  a  racemoid  base  by  an  active  acid,  and  in  view  of  which  it 
is  very  important  that  the  précise  conditions  should  be  i-ecorded  under 
which  such  resolutions  hâve  been  successful  or  the  reverse. 


Summarrj  of  Results. 

The  barium  sait  of  c^glyceric  acid  has  been  prepared  by  us  in  four 
différent  ways,  and  the  several  products  hâve  yielded  the  following 
polarimetric  values  in  aqueous  solution  : 

I.  From  active  calcium  glycerate  (obtained   by  fermentation   with 

the  Bacillus  ethaceticus)  : 

c=  10-00,  [a]f  -  9-772°,  Ba(C3ÏÏ504)2,2H20, 

-  1  0-78°  (anhydrous  sait). 
Another  spécimen  gave  : 

c  =  9-892,  [a]i?    -9-908°,  Ba(C3H,04)2,2ïï,0, 
-  10-93°  (anhydrous  salt)^ 

II.  From  active  calcium  glycerate  (obtained  by  the  fermentation 
method),  after  attempting  to  efîect  further  resolution  l)y  means  of 
brucine  : 

c=  10-0048,  [a]ir  -  9-679°,  Bsi{C^ïip;}.^,2Hp, 

-  10-68°  (anhydrous  sait). 
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Another  spécimen  gave  : 

c  =  8-2088,  [aJiT    -  9-685°,  Bii{C^KrP^).>,2B..p, 
-10-69°  (anhydrous  sait). 

III.  From  inactive  glyceric  acicl  (Kahlbaum),  by  resolution  with 
bi'ucine  : 

c  =  9-9868,  [a]i?°  -9-938°,  Ba(C3H,04)2'2H20, 
-10-97°  (anhydrous  sait). 

lY.  From  inactive  calcium  glycerate  (Kahlbaum),  by  resolution  with 
brucine  : 

c  =  9-92,  [a]r    -9-67°,  Ba(C3H504)2,2H20, 
-  10-67°  (anhydrous  sait). 

Thèse  results  conclusively  prove  that  the  active  fermentation  glyceric 
acid  of  P.  Frankland  and  Frew  is  pure  cZ-glyceric  acid  and  identical 
with  that  obtainable  by  the  resolution  of  inactive  glyceric  acid  with 
brucine. 

Chemical  Department, 
The  University, 

Birmingham. 


LXIL — C-Phenyï-B-triazole. 

By  George  Young. 

In  a  previous  communication,  in  conjunctioa  with  Mr.  Oates  (Trans., 
1901,  79,  665),  I  described   the  préparation  of   3-phenyl-l-methyl-5- 

hydroxy-1  :  2  :  é-ti-iazole,  m  #^C*OH,and,  on  heatingthis  substance 

O  i  h  *^ 

with  phosphorus  pentasulphide,  a  product  was  obtained,  the  empirical 

formula  for  which  contained  CH^  less  than  that  required  for  3-phenyl- 

1-methyl-s-triazole.     As  this  was  in  agreement  with   the   expérience 

of   Andreocci   (Atti   E.   Accad.   TÂncei,    1890,  [iv],  6,  ii,   209),  who 

NPh'N 
obtained  l-phenyl-3-methyl-l  :  2  :  4-tnazole,     i       .   ^C'Me,  by   heat- 

ing  l-phenyl-3  :  4-dimethyl-5-oxy-4  :  5-dihydro-l  :  2  :  4-triazole, 

NPh— N.    ^,^ 

è0.NMe>^^^^' 
with  phosphorus  pentasulphide,  we  ascribed  to  our  product  the  con- 

N— NH 

stitution   of   C-phenyl-s  triazole,    H  ^CH.       This     view    of    the 
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constitution  is  now  conBrraed,  as   the   prodnct  obtained  on  lieating 

N— NH 

C'-phenylhydroxy-s-triazole,     M         ^C'OH     (Youug    and    Witham, 

Trans.,  1900,  77,  226),  with   pentasulphide   is  found  to   be  identical 

with  the  substance  obtained  from  3-pbenyl-l-methyl-5-hydroxy-l  :  2  :  4- 

triazole. 

The  tn-m  s-triazole  is  used  in  this  paper  to  distinguish  the  triazole, 

NH'N  N N 

which  may  be  either    '  „,^^^CH   or   JJ       ^^^_.^CH,  from    v-triazole, 

NH'N  N'NH 

which  may  be  ^.çjj>CH  or    m_^jj>CH. 

It  is   worth  noting   that,  whereas   the  melting   point  of   1-phenyl- 

NPh'N 
1  :  2  :  4-triazole,    i  ,,.  ,,>CH  (m.  p.  47°;  Andreocci,  Ber.,   1892,  25, 

225),  follows  Wedeiiind's  rule  {Ber.,  1898,  31,  949)  for  the  effect  of 
substitution    on    the    melting  points   of  carbon-nitrogen  cyclic   com- 

N— NH 

pounds,  both  C'-phenyl-s-triazole,    M  ^CH  (m.   p.  119*5 — 120"; 

N N 

this  paper),  and  1-phenyl-l  :  3  :  4-triazole,    M     ^        ^CH  (m.  p.  121"  ; 

Pellizzatiand  Massa,  Atti  R.  Accad.  Lincei,  1901,  [v],  10,  i,  363),  melt 
at  alraost  the  same  température  as  the  parent  substance,  s-triazole 
(in.  p.  120 — 121°;  Andreocci,  loc.  cit.). 


Expérimental. 

C-Phenylhydroxy-.ç- triazole  (6  grams)  was  intimately  mixed  with 
phosphorus  pentasulphide  (15  grams)  and  the  mixture  heated  in  an 
oil-bath  for  6  hours  at  230 — 250°.  The  product  was  boiled  with 
aqueous  potassium  carbonate  in  a  reflux  apparatus,  and,  after  cooling, 
was  extracted  repeatedly  with  ether.  The  ethereal  solution  was  then 
concentrated  i;ntil  crystallisation  commenced,  when,  on  cooling,  the 
residual  liquid  crystallised  to  a  mass  of  shining  plates  and  needles, 
which  melted  at  119—120°. 

0-1825  gave  0-4426  COo  and  0-0809  HoO.     C  =  66-14  ;  H  =  4-92. 
01740     „      43-6C.C.  moistnitrogenat  18"and  761  mm.     N  =  2896. 
C,H.N3  requires  0  =  66-21  ;  H  =  4-83  ;  N  =  28-97  per  cent. 

r'-Phenyl-s-triazole  was  readily  soluble  in  alcohol,  warm  ether,  or 
benzène,  and  moderately  so  in  hot  water,  but  dissolved  only  to  a 
slight  extent  in  light  petroleum  ;  it  crystallised  from  water  in  clusters 
of  soft,  raatted  needles,  from  a  mixture  of  benzène  and  light  petroleum 
in  nodular  aggregates  of  microscopic  needles,  and  from  dilute  alcohol 
in  slender  needles.     It  melted  at   119-5 — 120°,  volatilised  in  shining 
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plates  when  heated  over  its  melting  point,  and  was  slightly  volatile  in 
a  current  of  steam. 

A  mixture  of  equal  parts  of  the  products  obtained  from  3-phenyl-l 
metbyl-5-hydroxy-l  :  2  :  4-triazole  and  from  C'-phenylhydroxy-s-triazole 
respectively  melted  at  119 — 119-5^ 

Towards  aqueous  alkali  hydroxides  and  towards  silver  nitrate, 
C-phenyl-s  triazole  exhibited  the  behaviour  characteristic  of  those 
triazoles  in  wliich  the  X-hydrogen  atom  is  not  substituted.  It  dis- 
solved  in  dilute  aqueous  potassium  hydroxide  more  readily  than  in 
water,  and  was  reprecipitated  from  the  alkaline  solution  on  addition 
of  ammonium  acétate  and  expulsion  of  the  liberated  ammonia  by 
gentle  warming.  When  treated  with  silver  nitrate  in  alcoholic  solu- 
tion, it  formed  the  additive  compound  of  silver  nitrate  and  the  silver 
derivative,  Cç^H.^îs'gAgjAgNO.j.HoO,  which  was  obtained  as  a  white 
precipitate  from  which  HoO  was  driven  off  at  110°. 

0-8184,  at  110°,  lost  0-0352  H^O.     H,O=:4-30. 

0-8184  gave  0-4024  Ag.     Ag=  49-17. 
CsH,.N3Ag,AgN03,H.,0  requires  Ag  =  49-34;  HoO  =  4-11  per  cent. 

C-Phenyl-s-triazole  dissolved  readily  in  cold  dilute  or  in  warm  con- 
centrated  hydrochloric  acid.  The  /iijdroc/tloride,  which  crystallised  in 
slender  needles  on  cooling  the  solution  in  the  concectrated  acid, 
decomposed  on  drying  or  on  treatment  with  water.  On  adding 
platinic  chloride  to  the  solution  in  warm  concentrated  hydrochloric 
acid  and  cooling,  the  platimchloride,  {(J^lî^ls.^)ç^B.,Vl(J]^,,ZT[.p,  separ- 
ated  in  yellowish-red  plates  containing  3  mois,  of  water  of  crystallisa- 
tion,  which  were  driven  off  at  IIO"".  The  srnhy drons  platinic/doride 
melted  and  decomposed  at  223°. 

1-2298,  at  110°,  lost  0-0912  H,0.     HoO  =  7-41. 

0-7730,  driedat  110%  gave  0-2138  Pt     Pt  =  27-60. 

{C8H-N3).„HoPtCl,;,3H.,0  requires  H.,0  =  7-16  per  cent. 
(C^H.N3)o,ïï>tCl,!       "         „  Pt  =  27-86       „ 

When  washed  with  water,  the  platinichloride  lost  2  mol.s.  of  hydro- 
chloric acid  and  was  converted  into  the  derivative, 

(C8H-N3)2,PtCl„3H20, 
which   is  of  a   lighter  yellow  colour.     This  sait   lost   3H,0  at  110'", 
dissolved  in  aqueous   potassium   carbonate,  and   was  precipitated   un- 
changed  from  this  solution  on  the  addition  of  hydrochloric  acid. 

0-6007,  at  110",  lost  0-0468  H.,0.     H.,0  =  7-79. 
0-5561,  driod  at  110°,  gave  0-1736  Pt."    Pt  =  31-22. 
0-5433,  precipitated  from  aqueous  potassium  carbonate  and  dried  at 
110",  gave  0-1699  Pt.     Pt  =  31-27. 

(CgH-N3)o,PtCl^,3Ho0  requires  HoO  =  7-93  per  cent. 

(CgHlN3)2,PtCl4       '  „         Pt  =  31-10 
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The  acetyl  derivative,  CsH,.N3'C2H30,  was  obtained  by  boiling 
6'-phenyl-s-triazole  with  acetic  anhydride  and  sodium  acétate  ;  it  dis- 
solved  readily  in  alcohol,  ether,  benzène,  or  warm  light  petroleum  ; 
from  its  solution  in  the  last  solvent,  it  crystallised  in  feathery  aggre- 
gates  of  slender  needles.  When  recrystallised  from  dilute  alcohol,  it 
formed  small,  white  needles  which  melted  at  90°.  It  was  easily 
hydrolysed  by  boiling  aqueous  potassium  carbonate  to  C-phenyl-s- 
triazole  melting  at  119—120°. 

0-2242  gave  43-2  ce.  moist  nitrogen  at  1 5° and  754  mm.     N  =  22-38. 
CgH^Ng-CoHgO  requires  N  =  22-46  per  cent. 

The  carbamido-derivative  of  C-phenyl-s-triazole,  deseribed  in  the 
previous  paper  (Trans.,  1901,  79,  665),  was  also  prepared  by  the 
action  of  potassium  cyanate  and  hydrochloric  acid  on  C'-phenyls-tri- 
azole  obtained  from  C-phenylhydroxy-s-triazole.  After  solution  in 
benzène  and  précipitation  by  adding  light  petroleum,  it  melted  at  147°. 
The  analysis  shows  that  it  probably  contained  traces  of  unchaDged 
phenyltriazole. 

0-1818  gave  0-3855  CO^  îind  0-0818  RA     C  =  57-83;  H  =  4-09. 
CgH^Ng-CO-NH^  requires  C  =  57-4"4  ;  H  =  4-25  per  cent. 

The  carbamido-derivative  was  easily  hydrolysed  by  boiling  water  or 
by  cold  dilute  hydrochloric  acid  with  évolution  of  carbon  dioxide  and 
formation  of  phenyltriazole,  which  melted  at  119°. 


hXUl.—Isomeric  Salts  of  the  Type^B^^^Jl^.  A  Correc- 
tion. Isomeric  Forms  of  ^-Bromo-  and  ([-Chloro- 
campJiorsuljyhonic  Acids. 

By  Frédéric  Stanley  Ktpping. 

The  further  investigation  of  the  isomeric  a-  and  yS-salts  which  the 
author  obtained  by  combining  c?-a-bromo-  and  cZ-a-chloro-camphor- 
sulphonic  acids  with  dl-  and  with  optically  active  bases  such  as 
hydrindamine  (Trans.,  1900,  77,  861  et  seq.  ;  1903,  83,  873),  benzyl- 
hydrindamine  (Kipping  and  Hall,  Trans.,  1901,  79,  430),  methyl- 
hydrindamine  {Tattersall  and  Kipping,  Trans.,  1903,  83,  918),  and 
Z-menthylamine  (Tutin  and  Kipping,  Trans.,  1904,  85,  65),  has 
brought  to  light  the  fact  that  the  isomerism  of  thèse  compounds  is  not 
determined  by  a  différence  in  the  arrangement  in  space  of  the  groups 
united  with  the  quinquevalent  nitrogen  atom  ;  the  suggested  explana- 
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tion  of  the  existence  of  thèse  isomerides,  therefore,  is  now  proved  to  be 
incorrect. 

In  one  of  the  most  récent  papers  on  this  subject  (Trans.,  1903,  83, 
937),  the  following  statements  were  made  :  the  /S-form  of  the 
Z-hydrindamine  sait  of  the  chloro-acid  gives,  with  concentrated  hydro- 
chloric  acid,  ci-ystals  of  the  hydrochloride  of  the  ^base,  and  when,  by 
adding  water  and  evaporating  several  times  to  expel  hydrochloric  acid, 
this  hydrochloride  is  reconverted  into  the  chlorocamphorsulphonate, 
the  original  ySMsomeride  is  recovered  unchanged  {loc.  cit.,  p.  943). 
When,  however,  the  hydrochloride  obtained  from  the  /3/-form  of  the 
bromo-salt  is  converted  into  platinichloride  and  this  sait  is  separated 
from  the  bromo-acid  and  treated  with  hydrogen  sulphide,  the  re- 
generated  hydrochloride  gives  with  the  ordinary  ammonium  sait  of  the 
bromo-acid  the  a-form  of  ^hydrindamine  bromocamphorsulphonate 
(loc.  cit.,  p.  944). 

In  order  to  account  for  this  transformation  of  the  y8-  into  the  a-salt, 
it  was  suggested  that  intramolecular  change  might  occur  during  the 
formation  and  décomposition  of  the  platinichloride  and  thus  the 
arrangement  of  the  groups  arovind  the  nitrogen  atom  might  be  modified. 
Even  at  the  time,  however,  this  suggestion  did  not  seem  to  be  a  very 
plausible  one,  and  it  was  stated  that  further  experiments  on  this  point 
would  be  made. 

Shortly  afterwards,  a  careful  investigation  of  the  (Z-bromocamphor- 
sulphonates  of  varions  piperidine  dei'ivatives  failed  to  reveal  the 
existence  of  isomeric  salts  (Barrowcliff  and  Kipping,  Trans.,  1903,  83, 
11 41),  and  experiments  on  the  c£-bromo-  and  cZ-chloro-camphorsulphonates 
of  ^phenylethy lamine  {loc.  cit.,  p.  1147)  also  led  to  négative  results  ; 
thèse  facts  seemed  to  afford  additional  and  absolutely  conclusive 
évidence  that  the  isomerism  of  the  hydrindamine  salts  was,  in  fact,  of 
the  nature  suggested  and  in  no  way  determined  by  the  occurrence  of 
isomeric  forms  of  the  bromo-  and  chloro-camphorsulphonic  acids. 

In  spite  of  this  apparently  convincing  évidence  of  the  homogeneity 
of  the  acids  in  question  and  also  of  the  further  fact  that  many  other 
workers  (Walden,  Pope,  Wedekind,  Lapworth,  Jones)  had  used  the 
<^-bromo-acid  without  obtaining  the  slightest  indication  of  the  présence 
of  an  isomeride,  a  fresh  investigation  of  this  acid  was  undertaken. 

Some  years  ago,  when  the  isomeric  hydrindamine  salts  were  first 
discovered,  the  ammonium  sait,  prepared  from  the  "pure  "  acid,  *  had 
been  repeatedly  crystallised  and  examined  polarimetrically,  and  the 
aniline  sait  had  also  been  investigated,  but  both  appeared  to  be  homo- 
geneous;  later,  in  crystallising  the  crude  ammonium  sait,  it  is  true 
that  a  small  quantity  of   a   sait   not  derived   from  c^-bromocamphor- 

*  Acid  which  had  been  obtained  fiom  the  "  pure "  ammonium  sait  as  oiigiually 
desciibéd  by  Kipping  and  Pope. 
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sulphonic  acid  was  isolated  by  the  author  from  the  last  mother  liquora, 
and  tlie  saine  compound  was  discovered  and  studied  by  Harvey  and 
Lapworth  (Proc,  1902,  18,  142),  but  this  substance  was  easily  removed 
from  the  main  product  and  could  not  be  contained  in  the  purified  sait 
ordinarily  used  for  the  préparation  of  the  acid. 

In  a  uiuch  more  récent  investigation  of  this  ammonium  (Z-bromo- 
eamphorsulphonate,  the  results  of  which  hâve  not  hitherto  been 
recorded,  a  large  quantity  of  the  sait  was  hrst  purified  by  two  or  three 
crystallisations,  and  was  then  separated  into  a  number  of  fractions  by 
crystallising  it  systematically  from  water  ;  the  first  and  last  of  thèse, 
when  examined  polarimetrically  in  25  per  cent,  aqueous  solution,  gave 
[a]i,  83-6°=  [M]i,  275°  and  [a]»  83-8^=  [MJ^^  275-6°  respectively.  The 
sait  was  then  decomposed  Avith  baryta,  the  ammonia  expelled,  the  acid 
piepared  from  the  barium  sait  and  again  neutralised  with  ammonia  ; 
the  whole  of  this  spécimen  of  ammonium  sait  was  then  systematically 
crystallised  and  separated  into  eight  fractions,  each  of  which  had  been 
ci'ystallised  several  times  ;  the  tirst  and  last,  when  examined  optically 
in  2-5  per  cent,  aqueous  solution,  gave  [tt]D  + 84-6°  =  [M]o  278'^  (also 
[a]u  85°  =  [M]i,  279^^)  and  [a]^  84-8°  =  [M]:,  278-5'=  respectively. 

In  thèse  experiments,  therefore,  in  which  the  acid  had  been  submitted 
to  almost  exactly  the  same  treatment  as  in  those  which  were  vised  in  the 
study  of  the  isomeric  hydrindamine  salts  ("  Régénération  of  the  Salts," 
compare  Trans.,  1903,  83,  884  et  seq.),  thegreatest  observed  différence 
in  molecular  rotation  was  4'^,  which  is  well  within  the  limits  of 
expérimental  error  ;  in  the  case  of  the  a^  and  ^^-hydrindamine  salts, 
the  différence  was  found  to  be  90°  {loc.  cit.,  p.  944). 

The  study  of  the  cis-Tr-camphanates  of  d-  and  of  Z- hydrindamine,  which 
had  also  been  in  progress  in  the  meantime,  only  served  to  confirm  the 
conclusion  that  the  existence  of  the  isomeric  salts  was  independent  of 
any  isomerism  of  the  bromo-  and  chloro-camphorsulphonic  acids. 

Cis-TT-camphanic  acid  (Trans.,  1896,  69,  943)  is  a  substance  so  easily 
identitied  by  its  highly  characteristic  crystalline  character  that  any 
appréciable  quantity  of  an  isomeride  or  impurity  in  this  substance 
could  hardly  escape  immédiate  détection,  and  yet  this  acid  gave  with 
c/^-hydrindamine  approximately  equal  quantities  of  isomeric  partially 
racemic  salts  (Trans.,  1898,  73,  903),  both  of  which,  when  decomposed 
with  hydrochloric  acid,  gave  the  characteristic  crystals  of  cts-7r- 
camphanic  acid. 

Further,  it  was  found  (Proc,  1903,  19,  286)  that  the  sait  obtained  by 
combining  cts-:r-camphanic  acid  with  pure  cZ-hydrindamine  is  a  mixture, 
as  is  also  that  obtained  from  the  corresponding  Z-base,  and  that  thèse 
compounds  are  not  identical  with  the  salts  previously  described  as 
partially  racemic. 

Hence  the  formation   of  isomeric  compounds,  apparently  analogous 
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to  those  derived  from  the  bromo-  and  chlovo-acids,  seemed  to  be 
definitely  established,  and  as  there  is  so  little  relationship  between  the 
sulphonic  acids  on  the  one  hand  and  cis-7r-camphanic  acid  on  the  other, 
the  fact  that  isomerides  were  obtained  from  both  seemed  to  exclude 
the  possibility  of  this  being  due  to  any  peculiarity  of  the  acids 
themselves. 

It  will  perhaps  be  admitted  that  a  critical  considération  of  the  whole 
of  the  évidence — only  part  of  which  has  been  referred  to  very  brietiy— 
pointed  strongly  to  the  conclusion  that  the  isomerism  of  thèse  salts  was 
caused  by  a  diiîerence  in  the  arrangement  of  the  groups  around  the 
nitrogen  atom  ;  a  great  array  of  expérimental  data  could  be  ({uoted 
in  favour  of  this  view,*  whereas  only  one  fact  of  importance  could  be 
brought  forward  against  it,  namely,  that  the  molecular  rotations  of  the 
bromo-  and  chloro-salts  (not,  however,  those  of  the  o/à'-Tr-camphanates) 
were  abnormal  ;  even  this  fact  seemed  to  hâve  little  bearing  on  the 
possible  existence  of  isomeric  acids,  as  the  molecular  rotations  of  the 
)8-salts  of  the  bromo-acid  were  lower,  those  of  the  /3-salts  of  the  chloro- 
acid  higher,  than  the  "  normal  "  values  obtained  for  the  compounds  of 
the  a-series. 

The  discovery  of  the  true  course  of  the  isomerism  in  the  case  of  the 
halogensulphonic  acids  was  made  during  some  récent  attempts  to 
transform  /S^hydrindamine  bromocamphorsulphonate  into  the  ^l- 
chlorocamphorsulphonate.  The  first  named  sait  was  gently  warmed 
with  excess  of  concentrated  hydrochloric  acid  ;  the  solution  was  then 
lef  t  at  the  ordinary  température  to  crystallise  and  the  precipitated  hydro- 
chloride  separated.  The  filtrate  from  this  sait  was  then  repeatedly 
evaporated  with  water  to  expel  hydrochloric  acid,  and  the  solution, 
which  now  contained  hydrindamine  bromocamphorsulphonate,  mixed 
with  excess  of  the  bromo-acid,  lef  t  to  crystallise  ;  the  bromo-salt  thus 
obtained,  which  had  doubtless  been  in  part  produced-from  the  hydro- 
chloride,  had  a  spécifie  rotation  [a]u-l-38'5°  in  two  per  cent,  aqueous 
solution,  and  consisted  therefore  of  the  original  ^^-isomeride  in  a  pure 
condition  {loc.  cit.,  p.  897).  The  crystals  of  the  hydrochloride  which  had 
been  separated  were  now  repeatedly  evaporated  with  chlorocamphor- 
sulphonic  acid,  in  the  expectation  of  obtaining  the  yS^-chloro-salt,  but 
on  crystallising  the  residue  from  water,  the  a^chloro-salt  was  obtained, 
apparently  (not  really)  free  from  /3Wsomeride. 

At  tirst,  it  seemed  possible  that  the  /8^bromo-salt  might  correspond 
with  the  a^chloro-salt,  thèse  being  the  isomerides  having  the  lower 

*  Aschan  {Zcit.  physikal.  Chem.,  190-3,  46,  293),  discussing  tlie  author's  work, 
wiites  as  follows  :  Dagegen  liabeu  die  von  Kippiiig  uud  seiiieii  Scliiilem  tiber  das 
Hydriudamin  uud  eiuige  aiidere,  gleicli  konstituieite  Baseu  ausgetuhiten  bemei- 
kenswerteii  Untersucliuugeu  eutschieden  zu  deui  Sclihiss  gefuhrt,  dass  Verbiuduugeu 
des  ïyijus  IS'ajbc  stereoisomer  auftreteu  kouneu. 
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molecular  rotations,  in  which  case  the  acZ-bromo-salt  should  give  the 
/8^chloro-salt  when  treated  in  the  manner  just  indicated  ;  experiment, 
however,  showed  tliat  this  was  not  so,  and  that  ail  the  salts  of  the  (3- 
series,  as  well  as  those  of  the  a-series,  when  transf ormed  into  the  hydro- 
chlorides  and  then  treated  with  brome-  or  chloro-camphorsulphonic 
acid,  or  the  corresponding  ammonium  sait,  gave  invariably  the  isomeride 
of  the  a-series  as  the  main  product. 

Hère  then  was  the  due  to  the  mystery.  The  hydrochloride  prepared 
from  a  fi-salt  gives  the  a-salt  when  it  is  treated  with  bromocamplior- 
sulphonic  acid  from  a  bottle  ;  when,  however,  it  is  evaporated  with  the 
bromo-acid  which  the  ^-salt  originally  contained,  it  yields  the  pure  fi- 
salt. 

There  are,  therefore,  two  isomeric  c^bromocamphorsulphonic  acids, 
one  of  which  is  contained  in  the  a-salts  and  in  ordinary  ammonium 
cZ-bromocamphorsulphonate,  the  other  in  the  hydrindamine  salts  of  the 
j8-series. 

That  this  is  so  was  further  established  by  the  following  experi- 
ment :  a  sample  of  pure  ^^-hydrindamine  bromocamphorsulphonate 
was  treated  with  concentrated  hydrochloric  acid,  the  precipitated  hydro- 
chloride separated,  the  filtrate  evaporated  sevei"al  times  with  water, 
then  diluted,  and  left  for  some  hours  ;  after  separating  the  crystals  of 
the  /Sl-ssdt  which  had  escaped  décomposition,  the  solution,  which  con- 
tained the  liberated  bromocamphorsulphonic  acid,  was  treated  with 
cZ^hydrindamine  hydrochloride.  The  sait  slowly  deposited  from  this 
solution  was  free  from  the  a-modification  of  the  partially  racemic 
sait,  a  fact  which  proved  that  the  acid  could  not  hâve  been  ordinary 
fZ-bromocamphorsulphonic  acid  ;  the  sait  consisted,  in  fact,  of  small, 
well-defined  prisms,  indistinguishable  by  inspection  from  those  of  the 
partially  racemic  /3-salt  and  doubtless  almost  identical  with  those  of 
the  sijnthetical  partially  racemic  ^-salt  recently  described  (Trans,, 
1903,  83,  900). 

The  cZ-bromo-acid  contained  in  the  yS^hydrindamine  sait  and  set 
free  from  it  by  hydrochloric  acid  is  therefore  différent  from  the 
cZ-bromo-acid  obtained  from  the  same  sait  by  first  treating  with  baryta 
and  then  decomposing  the  barium  sait  with  dilate  sulphuric  acid. 

Now  the  possibility  of  the  existence  of  isomeric  (i-bromocamphor- 
sulphonic  acids  had  been  under  considération  from  the  very  commence- 
ment, and  in  the  first  paper  on  thèse  isomeric  salts  this  question  was 
discussed  at  some  length  and  many  experiments  were  made  in  order 
to  try  and  décide  it  (Trans.,  1900,  77,  877—882).  The  possibility  of 
keto-enolic  tautomerism  in  the  group 

-CHBr  __^  -CBr 

-CO  ^-  -C-OH  ' 
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was  considered  especially,  examined  experimentally,  and  rejected  ; 
that  of  the  existence  of  stable  isomeric  acids,  represented  by  the 
configurations 

H— C— Br  Br— Ç— H 

/C  and  yC 

O  O 

was  also  discussed  and  dismissed,  partly  from  theoretical  considéra- 
tions based  on  the  known  behaviour  of  ordinary  cis-  and  trans-m.odi- 
fications,but  principally,  no  doubt,because  theacid  actuallyobtained  from 
the  a-salt  was  found  to  be  identical  with  that  prepared  from  the 
)8-isomeride.  The  new  facts  just  mentioned  rendered  it  necessary, 
of  course,  to  reconsider  thèse  possibilities,  and  it  may  now  be  taken 
as  proved  that  the  existence  of  structui-ally  isomeric  acids,  convertible 
one  into  the  other  under  particular  conditions,  but  otherwise  ex- 
tremely  stable,  is  the  true  explanation  of  the  existence  of  the 
isomeric  a-  and  /î-salts.  (Z-Bromocamphorsulphonic  acid  and  the  corre- 
sponding  cZ-chloro-compound  exist  then  in  two  stable  forms  ;  the  acids 
contained  in  the  /3-salts  may  be  named  ^-  or  iso-d-hromo-  and  (3-  or 
Mo-cZ-chloro-camphorsulphonic  acids  respectively,  the  components  of  the 
a-salts  being  referred  to  as  the  a-  or  normal  forms.* 

Thèse  iso-acids  and  the  normal  forms  are  stable  in  aqueous  solution, 
and  in  présence  of  hydrochloric  acid  even  at  100°;  they  are  also  stable 
in  neutral  or  acid  solutions  of  their  salts  at  100°.  In  présence  of 
free  base,  however,  such  as  caustic  potash,  baryta,  sodium  carbonate, 
hydrindamine,  &c.,  a  small  proportion  of  the  normal  acid  is  trans- 
formed  into  the  wo-form,  whereas  under  the  same  conditions  the  latter 
is  almost  entirely  converted  into  the  normal  form.  The  condition  of 
equilibrium  seems  to  be  attained  when  about  90 — 95  per  cent,  of  the 
acid  is  présent  in  the  normal  form  ;  if,  however,  the  sait  of  the  y8-  or 
iso-iorva  is  evaporated  with  a  solution  of  the  free  base,  it  is  almost 
entirely  transformed  into  the  more  sparingly  soluble  sait  of  the  a-  or 
normal  acid. 

The  question  next  arises,  what  is  the  relationship  between  thèse 
isomeric  forms  of  the  sulphonic  acids  1  In  the  author's  opinion,  neither 
of  the  isomerides  represents  the  enolic  modification,  because  neither  the 
a-  nor  the  yS-hydrindamine  sait  gives  a  coloration  with  feri"ic  chloride 
or  interacts  with  phenylcarbimide  (Trans.,  1900,  77,  881).  Also 
because  a-bromocamphor,  from  which  the  bromo-sulphouic  acid  is 
derived,  does  not  give  a  benzoyl  derivative  when  shaken  with  benzoic 
chloride  in  alkaline  solution  ;  experiments  reeently  made  by  the  author 

*  The  acids  hère  named  the  /3-  or  iso-acids  for  tlie  sake  of  clearness  slioiild  be 
indexed  under  the  names  rZa'-chloro-  and  fZa'-bromo-camphorsulphonic  acid  respec- 
tively, as  they  are  a'-  and  not  /3-derivatives  of  camphor. 

VOL.   LXXXVII.  X    X 
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with  the  object  of  preparing  such  derivatives  of  a-bromocamphor  and 
of  camplior  gave  indubitably  négative  resnlts.  Further,  because 
camphor-TT-sulphonic  acid  and  Reychler's  camphorsulphonic  acid,*  both 
of  which  contain  the  group  -CHg'CO-,  and  which,  therefore,  might 
theoretically  exist  in  an  enolic  form,  but  which  cannot  yield  cis-  and 
trajis-isomerides,  do  not  give  rise  to  isomeric  hydrindamine  salts 
(Trans.,  1901,  79,  370  and  437).  It  may  be  concluded,  therefore, 
that  the  isomeric  a-  and  yS-  or  normal  and  ^■so-acids  are  the  cis-  and 
trans-îorïns,  and  that  the  conversion  of  one  into  the  other  in 
présence  of  bases  takes  place  as  indicated  in  the  following  formulîe  : 

C3H,3(S03H)<V<Br  ^^  C3H,3(S03ÏÏ)<gBj^        ^-> 

o-  or  normal  acid.  Unstable  enolic  foriii. 

C3H,3(S03H)<9<H 

j3-  or  /so-acid. 

During  this  transformation,  the  two  compounds  become  identical, 
that  is  to  say,  they  both  pass  throngh  the  same  unstable  enolic  form. 

A  somewhat  analogous  case  which  has  recently  corne  under  the 
author's  observation  may  be  quoted  in  support  of  this  view,  <i-Methyl- 
hydrindone  (Proc,  1902,  18,  34)  is  apparently  stable  when  pure,  and 
is  not  changed  by  minerai  acids,  as  is  shown  by  the  facts  that  its 
spécifie  rotation  does  not  alter  appreciably  in  the  course  of  several 
weeks,  and  the  optically  active  ketone  is  actually  prepared  in  présence 
of  hydrogen  chloride  ;  consequently  the  ketone  does  not  exist  in  the 
enolic  form  under  thèse  conditions.  When,  however,  a  trace  of 
sodium  ethoxide  is  added  to  its  alcoholic  solution,  it  rapidly  and 
completely  racemises,  that  is-  to  say,  it  is  doubtless  converted  into 
equal  quantities  of  the  cis-  and  <rrms-isomerides, 


OH 

fZ-Ketone.  Enolic  form. 

Z-Ketone. 

*  The  fact  that  Reychler's  camphorsulphonic  acid  does  not  give  rise  to  isomeric 
hydrindamine  salts  may  be  taken  as  confirming  the  view  that  this  acid  is  a  j8-  and 
not  an  a-derivative  of  camphor  (compare  Armstrong  and  Lowry,  Trans.,  1902,  81, 
1473). 
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The  discovery  of  the  existence  of  the  isomeric  sulphonic  acids  and 
the  above  view  as  to  their  relationship  account  for  ail  the  facts 
observed  in  the  study  of  the  isomeric  hydrindamine,  benzylhydrind- 
amine,  methylhydrindamine,  and  ^-menthylamine  salts  which  are  derived 
froin  them  ;  the  free  acids,  as  ordinarily  prepared,  invariably  consist 
of  a  mixture  of  the  normal  with  a  small  proportion  of  the  iso-form. 

It  may  perhaps  seem  singular  that  it  should  hâve  taken  so  long  to 
arrive  at  what  now  appears  to  be  such  a  simple  and  obvions  explana- 
tion  of  the  existence  of  thèse  isomerides.  The  reason  is,  no  doubt, 
that  the  truth  was  concealed  or  obscured  by  a  combination  of 
apparently  disconnected  facts,  of  which  the  following  may  be  men- 
tioned.  Firstly,  because  the  explanation  originally  suggested  is,  in 
one  sensé,  so  near  the  truth  that  it  accounted  for  ail  the  phenomena, 
excepting  the  observed  values  for  the  molecular  rotations  of  the 
yS-salts,  just  as  well  and  in  an  even  simpler  manner  than  does  the 
présent  one  ;  the  author's  suggestion  was  that  the  isomeric  salts 
contained  respectively  the  groupings 

X— N— Y         and         Y— N— X  ; 

the   true  explanation  is  that  the  isomeric  forms  are  cis-  and  trans- 
modifications  ; 

X— C— Y         and         Y— C— X. 

I  I 

Secondly,  because  of  the  production  of  apparently  analogous 
isomerides  from  c«s-7r-camphanic  acid,  in  which  case  the  existence  of 
such  cis-  and  <ra?<s-forms  seemed,  and  still  seems,  to  be  very  im- 
probable; the  constitution  assigned  to  this  acid  (Trans.,  1896,  69, 
918)  is  not  to  be  regarded  as  definitely  established,  but  hitherto  no 
indication  of  the  existence  of  isomeric  foi-ms  has  been  observed,  and 
the  nature  of  the  isomeric  salts  to  which  it  gives  rise  is  still  unknown, 

Further,  it  must  be  borne  in  mind  that  no  indication  of  the  occur- 
rence of  intramolecular  change  has  ever  been  obtained  from  an 
examination  of  the  spécifie  rotations  of  a-bromo-  and  a-chloro-camphor 
or  of  their  sulphonic  derivatives,  whereas  in  the  case  of  other  a-deriv- 
atives  of  camphor,  which  are  capable  of  existing  in  isomeric  forms, 
such  évidence  is  obtained  at  every  turn  and  the  one  form  passes  into 
the  other  apparently  spontaneously  (compare  Lowry,  Trans.,  1899, 
75,  211). 

Also,  it  may  be  again  noted,  varions  experiments  seemed  to  prove 
the  non-existence  of  an  enolic  form  of  the  bromo-acid  (Trans.,  1900, 
77,  881),  and  if  this  were  so  it  seemed  obvions  that  the  ordinary  acid 
could  not  be  transformed  into  an  iso-form  and  vice  versa  under   the 

X  X  2 
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conditions  employée!  by  the  author  during  the  study  of  the  isomeric 
salts  ;  if,  on  the  other  hand,  sucli  a  transformation  were  possible, 
then  it  seemed  most  probable  tliat  on  crystallising  any  sait  in  the 
ordinai-y  way  only  one  form  would  be  obtained,  namely,  the  morespar- 
ingly  soluble  one,  as  is  usual  in  such  cases. 

Thèse  and  many  other  reasons,  which  are  recorded  in  earlier  papers, 
seemed  of  such  weight  as  to  render  inadmissible  the  view  that  the 
salts  were  derived  from  cis-  and  ^r«?is-acids  ;  the  new  facts  prove  the 
contrary.  Nevertheless,  ail  the  old  facts  remain  as  recorded,  and  as 
regards  the  expérimental  part  of  the  Avork  there  is,  as  far  as  the 
author  knows,  nothing  to  correct  and  nothing  to  withdraw. 


Salts  of  the  Normal  and  iso- Forms  of  Bromo-  and  Chhro-camjihor- 
sulphonic  Acids. 

The  method  invariably  used  for  the  préparation  of  thèse  sulphonic 
acids  is  the  décomposition  of  their  barium  salts  with  dilute  sulphuric 
acid  ;  the  barium  salts,  which  are  prepared  by  boiling  the  ammonium 
salts  with  baryta,  are  formed  in  alkaline  solution,  and  will  therefore 
consist  of  the  derivatives  of  both  the  normal  and  iso-acids.  The  acid 
prepared  from  this  mixture  of  barium  salts  is  therefore  itself  a  mix- 
ture, as  is  also,  doubtless,  any  sait  obtained  by  neutralising  the  acid  ; 
this  is  clearly  shown  by  the  experiments  on  the  "  régénération  "  of  the 
salts  of  hydrindamine,  methylhydrindamine,  and  menthylamine.  It 
seems  very  probable,  therefore,  that  the  only  pure  salts  of  the  normal 
acids  which  hâve  so  far  been  obtained  are  : 

afMIydrindamine  cZ-bromocamphorsulphonate, 

al- 

acZ-Hydrindamine  rf-chlorocamphorsulphonate, 

al- 

and  possibly  the  ad-    and    a?-methylhydrindamine  bromocamphorsul- 
phonates  and  the  sait  of  ^-menthylamine. 

Ordinary  ammonium  bromocamphorsulphonate  certainly  ajjpears  to 
be  homogeneous,  as  its  optical  properties  do  not  change  when  it  is 
repeatedly  crystallised  (see  above)  ;  whether  this  is  due  to  the  im- 
possibility  of  separating  the  sait  of  the  normal  from  that  of  the  iso- 
acid  or  to  the  complète  transformation  of  the  iso-  into  the  normal  form 
during  the  evaporation  of  the  ammoniacal  solution  is  uncertain  ;  the 
author  inclines  to  the  first  view  from  a  practical  acquaintance  with  the 
exuraordinary  difficulty  met  with  in  separating  the  normal  and  iso- 
salts  of  hydrindamine  and  other  organic  bases,  such  as  phenylethyl- 
amine  (Hunter  and  Kipping,  Trans.,  1903,  83,  1147).  When,  more- 
over,  it  is  found  that  the  partially  racemic  /8-modification  of  hydrind- 
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aminé  bromocamphorsulphonate,  which  behaves  like  a  homogeneous 
substance,  is  in  reality  a  mixture  of  four  very  différent  salts,*  it  is 
quite  crédible  that  ammonium  bromocamphorsulphonate  and  ail  other 
salts  which  hâve  not  been  specially  treated  should  contain  a  small 
proportion  of  the  isomeric  sait  of  the  tso-acid. 

Silver  bromocamphorsulphonate,  prepared  from  the  acid,  is  probably 
also  a  mixture  in  spite  of  the  fact  that  many  organic  salts,  obtained 
by  treating  the  silver  sait  with  halogen  derivatives  of  bases,  were  not 
resolved  into  appreciably  différent  fractions  after  repeated  crystallisa- 
tion  (Barrowcliff  and  Kipping,  Trans.,  1903,  88,  1141). 

As  regards  the  salts  of  the  (3-  or  iso-acids,  the  only  compounds 
hitherto  obtained  in  a  pure  state  are  : 

(31-  Hydrindamine  cZ-bromocamphorsulphonate, 
^d-  .,  (Z-chlorocamphorsulphonate,  and 

(31- 

The  ;8-forms  of  fZ-hydrindamine  cZ-bromocamphorsulphonate  and  of 
the  corresponding  salts  obtained  from  cZ-methyl hydrindamine,  Z-methyl- 
hydrindamine,  and  ^menthylamine  were  not  obtained  in  a  state  of 
purity,  as  was  indeed  clearly  recognised  at  the  time  (Tattersall  and 
Kipping,  Trans.,  1903,  83,  924;  Tutin  and  Kipping,  Trans.,  1904,  85, 
65)  ;  that  thèse  salts  should  still  contain  such  a  very  large  proportion 
of  the  a-isomeride,  as  in  fact  they  do  (see  p.  638),  was,  however,  hardly 
to  be  expected. 

Molecular  Eotations  of  the  Normal  and  is,o-Acids. 

Since  it  seems  highly  probable  that  most  of  the  salts  of  a-  or 
"  normal  "  (i-bromocamphorsulphonic  acid  contain  a  considérable 
quantity  of  the  isomeric  ;3-salt,  it  would  foUow  that  the  value  for  the 
molecular  rotation  of  the  normal  acid  ion,  as  hitherto  determined,  is 
too  low.  The  results  obtained  with  the  pure  d-  and  ^hydrindamine 
salts  give,  as  a  mean  value,  [M]d  +269°,  which  agrées  well  with  that 

*  It  seems  very  probable  that  the  bromocamphorsulphonate  of  dihydro-a- 
methylindole,  melting  at  124— 125^  obtained  by  Pope  and  Clarke  (Trans.,  1904, 
85,  1330)  during  their  esperiments  on  the  resolution  of  the  above-named  base,  is 
also  a  mixture  of  four  compounds,  namely  : 

(^-Dihydro-o-methylindole  normal  (/-bromocamphorsulphonate, 

l- 

d-         ,,  ,,  iso-  ,,  ,, 

^- 
Its  molecular  rotation,  [M]i,  +242-7°  shows  that  it  is  not  a  sait  of  either  the  pure 
normal  acid  or  of  the  pure  zso-acid  (compare  p.  638),  and  the  optical  inactivity  of 
the  base  obtained  from  it  proves  that  its  low  molecular  rotation  is  not  due  to  excess 
of  the  Z-base. 


638      ISOMERIC   SALTS   OF   THE   TYPE   NR^R.^Hg.      A   CORRECTION. 

usually  accepted  ;  such  a  value,  however,  based  on  déterminations  with 
two  bases  only  can  hardly  be  accepted  as  final  and  the  true  one  is 
probably  more  nearly  [MJ^  +280°. 

The  only  pure  sait  of  the  (3-  or  zso-bromo-acid  which  has  been  exam- 
ined  optically  is  the  ^-hydrindamine  sait,  which  gives  for  the  îso-aeid 
ion  the  value  [M]ij  +177°;  the  molecular  rotations  of  the  "  last 
fractions"  of  the  c?-methylhydrindamine,  /-methylhydrindamine,  and 
/-menthylamine  salts,  previously  described,  appTOximate  to  those  of 
the  normal  rather  than  to  those  of  the  iso-acid,  and  it  is  obvious 
therefore  that  thèse  "  last  fractions  "  contained  a  larger  quantity  of 
the  normal  than  of  the  iso-acid. 

The  molecular  rotations  of  the  pure  hydrindamine  salts  of  normal 
chlorocamphorsulphonic  acid  give  the  value  [M]d  +185*5°  for  the 
normal  acid  ion,  but  the  data  are  insufficient  to  give  a  reliable  resuit  ; 
in  the  case  of  the  Mo-acid,  the  examination  of  the  same  two  hydrind- 
amine salts  gives  [M]d  +  233°  as  the  mean  value  for  the  iso-acid  ion. 

This  is  one  of  those  cases  which  shows  the  extrême  difiiculty  of 
establishing  any  definite  connection  between  the  constitution  of  a  com- 
pound  and  its  spécifie  rotatory  power  ;  it  can  hardly  be  doubttd  that 
the  normal  forms  of  the  cZ-bromo-  and  cZchloro-acids  correspond  in 
configuration,  and  yet  when  the  former  is  transformed  into  the  iso- 
modification its  molecular  rotation  falls  by  about  90°,  whereas  a 
corresponding  intramolecular  change  in  the  chloro-acid  increases  the 
molecular  rotation  by  about  48°.  This  curions  fact  assisted  no  doubt 
in  concealing  the  true  natui-e  of  the  isomerism  of  the  a-  and  /?-salts. 

The  investigation  of  the  iso-forms  of  (Z-bromo-  and  cZ-chloro-camphor- 
sulphonic  acids  will  be  continued,  but,  as  the  only  method  at  présent 
available  for  their  isolation  is  that  of  fractionally  crystallising  their 
salts  with  one  of  the  optically  active  hydrindamines,  it  is  obvious  that 
they  cannot  be  obtained  very  easily  or  in  large  quantities. 

The  further  study  of  thèse  sulphonic  acids  and  of  cZ-methylhydr- 
indone  may  also  help  to  elucidate  the  mechanism  of  tautomeric  change, 
which,  according  to  Lapworth  and  Hann  (Trans.,  1902,  81,  1512), 
"  may  be  the  resuit  of  one  or  both  of  two  superposed  reactions,  one 
dae  to  ionisation  in  the  compound  itself,  accelerated  by  bases  and 
retarded  by  acids,  and  the  other  due  to  an  additive  phenomenon, 
accelei-ated  by  acids  and  retarded  by  bases." 

The  author  désires  to  acknowled^e  his  indebtedness  to  the  Govern- 
ment Grant  Committee  of  the  Koyal  Society  for  financial  aid  in  carry- 
ing  out  this  work. 

University  Collège, 
nottingham. 
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LXIV. — Experiments  on  the  Synthesis  of  the  Terpenes. 
Part  II.  Synthesis  of  à.'-^-Menihenol{^),  A'-'^'>-p- 
Menthadiene,  i>Menthanol{8),  ^^^^^--p-Menthene,  and 
-p-Menthane* 

By  William  ïïexry  Perkin,  jun.,  and  Samuel  Shrowder  Pickles. 

The  first  paper  on  this  subject  (Perkin,  Trans.,  1904,  85,  654)  dealt 
with  the  conversion  of  A"-tetrahydro-p-toluic  acid  into  terpineol, 
dipentene,  and  terpin,  a  séries  of  changes  which  may  conveniently  be 
represented  thus  : 

A3-Tetrabydro7>-tohiic  acid,  Me-C<^g~ç^2>CH-C0.H. 

Terpineol,  Me-C<^^~^^2>CH-CMe2-OÏÏ. 


Dipentene,  Me-C<^^  .ç^^>CH-C<^j^2. 
Terpin,  Me-C(0H)<^^<ç^2>CH-CMe^-0H. 


The  présent  paper  deals,  in  the  first  place,  with  some  hitherto 
unknown  members  of  the  torpene  séries  which  hâve  been  synthesised 
by  employing  Ai-tetrahydro-;>toluic  acid,  instead  of  the  A^-tetrahydro- 
acid,  in  experiments  similar  to  those  which  led  to  the  synthèses  just 
mentioned. 

Ai-Tetrahydro-;>toluic  acid,  Me-CH<^g2-^>C-C0oH, 

lias  already  been  obtained  by  Einhorn  and  Willstiitter  (Annalen,  1894, 
280,  163)  from  a-bromohexahydro-^j-toluic  acid  by  treatment  with 
quinoline.  "We  prepared  this  acid  in  quantity  by  a  modifi.cation  of  the 
above  method  (p.  645)  and  converted  it  into  ethyl  tetrahydro-/)-toluate 
by  the  action  of  alcohol  and  sulphuric  acid. 

This  ester  reacts  readily  with  au  ethereal  solution  of  magnésium 
methyl  iodide  yielding 

A3-;>menthenol(8),  Me-CH<^^2~î^>C-CMe2-OH, 

*  The  System  of  nomenclature  used  in  the  papers  of  this  séries  is  that  employed 
in  the  excellent  account  of  the  terpenes  written  for  Meyer-Jacobson's  Lehrbuch 
(Vol.  II,  i,  pp.  876—962)  by  Prof.  Cari  Harries. 

The  basis  of  this  system  is  hexahydrocymene  and  the  numbering,  in  the  case  of 
the  ;j-series, 

_  Cl») 

(7)C-(f  '   '^^-Ci'*)  < 

\6    5/  \ 

is  that  recommended  by  Baeyer  [Ber.,  1894,  27,  436). 
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which  is  isomeric  with  terpineol  {A^-jo-menthenol-8)  and  differs,  indeed, 
from  this  substance  only  in  the  position  of  the  double  linking  in  the 
ring,  as  a  comparison  of  their  formulée  will  show. 

It  was  therefore  interesting  to  find  that  this  new  menthenol 
resembles  terpineol,  not  only  in  odour,  but  also  in  many  other 
properties. 

Thus,  when  digested  with  potassium  hydrogen  sulphate,  itis  con- 
verted  by  loss  of  water  into 

A3s<9)j,-menthadiene,  Me-CH<^^2-CH^ç;.çj^OH2^ 

just  as  terpineol,  under  the  same  conditions,  yields  dipentene. 

On  the  other  hand,  terpineol  is  a  solid,  crystalline  substance,  whereas 
A^-^j-menthenol(8)  is  liquid,  and  we  hâve  not  been  able  to  prépare 
from  the  latter  a  crystalline  nitrosochloride  or  phenylurethane  corre- 
sponding  to  thèse  well  known  derivatives  of  terpineol,  One  of  the 
most  characteristic  properties  of  terpineol  is  its  conversion  into  terpin 
hydrate  by  the  action  of  dilate  sulphuric  acid  at  the  ordinary  tempéra- 
ture,* but,  although  very  careful  experiments  were  made  on  the 
subject,  there  was  no  indication  of  any  similar  addition  of  water 
taking  place  when  the  new  menthenol  was  subjected  to  exactly  similar 
treatment.  Thèse  différences  in  properties,  due  obviously  to  différence 
in  the  position  of  the  double  linking  in  the  ring,  are,  perhaps,  greater 
than  might  hâve  been  expected  from  so  small  a  change  in  constitution. 
As  stated  above,  A^-p-menthenol(8),  when  digested  with  potassium 
hydrogen  sulphate,  yields  A^^'^'-^>menthadiene,  and  the  properties  of 
this  new  hydrocarbon  are  very  interesting,  especially  when  compared 
with  those  of  dipentene  (A^^'^'-^^-menthadiene),  from  which  it  differs 
only  in  the  position  of  the  double  linking  in  the  ring. 

A^^'^'-jt)-Menthadiene  distils  at  186 — 187°,  or  a  few  degrees  higher  than 
dipentene  (181°),  and  it  possesses  in  an  even  more  marked  degree  the 
odour  of  lemons  so  characteristic  of  the  latter  ;  apparently  then  this 
odour  is  not  as>ociated  with  any  definite  position  of  the  double  linking 
in  the  ring.  In  several  other  respects,  however,  the  new  terpene  has 
properties  which  are  very  différent  from  those  of  dipentene.  The 
latter  hydrocarbon  yields  a  crystalline  nitrosochloride,  CjQHjg,NOCl, 
and  hydrcchloride,  C^QHjg,2HCl,  and  is  especially  chai-acterised  by  its 
behaviour  towards  bromine,  with  which  it  combines  to  form  a  crystal- 

*  In  part  I  of  this  research  (loc.  cit.,  p.  667),  I  ascribed  to  Tiemann  and  Schmidt 
{Ber.,  1895,  28,  1781)  the  important  discovery  of  the  conversion  of  terpineol  into 
terpin  hydrate  by  the  action  of  dilute  sulphuric  acid  at  the  ordinary  température. 
Prof.  Wallach  has  kindly  pointed  ont  that  the  discovery  was  first  made  by  Tilden 
(Trans.,  1879,  35,  289)  and  confirmed  by  h\ms&\î  [Annalcn,  1885,  230,  266)  several 
years  before  the  appearance  of  the  paper  by  Tiemann  and  Schmidt. 

— W.  H.  Perkin,  jun. 
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line  ieti'ohromide,  C^QHjgBr^.  The  new  terpene  reacts  with  nitroso- 
chloride  and  with  hydrogen  chloride,  yielding  oily  products  which 
werè  not  further  investigated,  but  the  most  striking  property  which  it 
exhibits  is  that  it  is  capable  of  coinbining  with  only  two  atoms  of 
bromine  to  form  an  unstable  t/ibromide  of  the  formula  CjfiHjgBro. 

In  this  respect,  then,  the  new  terpene  differs  in  a  marked  way  from 
dipentene,  and  since  both  hydrocarbons  are  represented  by  formulse 
containing  two  double  linkings,  this  différence  in  behaviour  appeared, 
at  first,  difficult  to  understand. 

If,  however,  the  formula  of 

A3S(9).^,.nienthadiene,  Me-CH<ç^^~^>C-C<^^^^ 

is  examined,  it  will  be  seen  that  the  two  double  linkings  are  in  the 
position  -CIC'C!C-,  and  it  has  long  been  known  that  substances  con- 
taining this  grouping  are  only  capable  of  uniting  with  two  atoms 
of  bromine  to  form  derivatives  in  which  that  grouping  becomes 
-CBr'CIC'CBr-  (compare  especially  Baeyer  and  Herb,  Annalen,  1890, 
258,  2;  Thiele,  Annalen,  1898,  306,  87;  1901,  319,  129).  There 
can  be  no  doubt  that,  in  combining  with  two  atoms  of  bromine, 
A^'^'^'-jo-menthadiene  yields  a  dibromo-additive  product  of  the  formula 

Me-OH<KH^C:C<H.Br 

(3  :  9-dibromo-A*'^'-;j-menthene),  and  that  this  substance  is  incapable  of 
combining  further  with  bromine  without  élimination  of  hydrogen 
bromide. 

Similar  results  to  the  above  were  obtained  in  our  expérimenta 
on  the  action  of  halogen  acids  on  A^^'^'-^-menthadiene.  It  is  well 
known  that  dipentene,  C^gH^g,  combines  readily  with  two  molécules 
of  both  hydrogen  chloride  and  hydrogen  bromide  to  yield  the  well 
characterised  crystalline  derivatives  CjQHjg,2HCl  and  CjQHjg,2HBr. 

When  A'^-^*^'-|>menthadiene  is  subjected  to  the  action  even  of  a  very 
large  excess  of  either  of  thèse  reagents,  it  is  only  capable  of  combining 
with  one  molécule  of  each,  yielding  the  liquid  additive  compounds 
CioHig.HCl  and  CjgHig.HBr. 

Experiments  which  are  in  progress  seem  to  indicate  that  ail  terpenes 
which  contain  the  grouping  -CiC'CIC-  will  be  found  to  behave  in 
a  similar  manner  and  to  combine  with  only  two  atoms  of  bromine 
and  one  molécule  of  a  halogen  acid.  The  behaviour  towards  bromine 
and  halogen  acids  may,  therefore,  in  future  prove  to  be  of  the 
highest  importance  in  assigning  a  constitutional  formula  to  a  new 
terpene. 

Included  in  the  présent  paper  are  two  other  séries  of  experiments, 
namely,    the    préparation    qf    j9-menthanol(8),   A^'*'-p-menthene,   and, 
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|j-menthane  from  ethyl  hexahydroj>toliiate,  and  of  j9-tolyldimethyl- 
carbinol  and  ^j>-methyKsopropenylbenzene  from  ethyl  ^>toluate  itself . 

When  ethyl  hexahydro-j>toluate  is  allowed  to  react  at  the  ordinary 
température  with  an  ethereal  solution  of  magnésium  methyl  iodide,  it 
is  converted  into 

p-menthanol(8),  Me-OH<^g-\^!^^>CH'OMe,'OH, 

a  crystalline  substance  which  melts  at  36°,  distils  at  207°,  is  volatile  at 
the  ordinary  température,  and  has  a  penetrating  odour  of  peppermint, 
properties  which  are  almost  identical  with  those  of 

menthol  (?;-menthanol-3),  Me-CH<^:^^'^^^^^^>CH-CMe„H. 

from  which  it  diiïers  only  in  the  position  of  the  hydroxyl  group. 
Besides  menthol  itself,  three  other  menthanols  are  known,  ail  of 
Avhich  contain  the  hydroxy-group  in  the  ring,  namely,  tertiary  carvo- 
menthol(l),  carvomenthol(2),  and  tertiary  menthol(4),  the  numbers 
after  the  names  indicating  the  position  of  the  hydroxyl  groups. 

;;>-Menthanol(8)  appears  to  be  the  first  derivative  of  ;>menthane,  so 
far  prepared,  in  which  the  hydroxy-group  is  situated  in  the  tsopropyl 
side  chain.  When  p-menthanol(8)  is  heated  with  potassium  hydrogen 
svxlphate,  it  is  decomposed  with  élimination  of  water  and  formation  of 

AS'"-;>menthene,  Me-CH<ç^2;g^2>CH-C<J^^^ 

a  hydi-ocarbon  which  distils  at  170°  and  has  a  faint  odour  resembling 
parsley  and  quite  différent  from  that  of  dipentene  or  A^-^'^'-jo-men- 
thadiene.  This  fact  is  interesting,  because  A^'''*4j-menthene  is  a 
dihydro-derivative  of  both  thèse  hydrocarbons,  and  in  each  case  the 
formation  of  the  dihydro-derivative  has  resulted  in  the  disappearance 
of  the  double  linking  in  the  ring,  and  with  this  change  in  constitu- 
tion the  intense  odour  of  lemons  so  characteristic  of  both  has  also 
disappeared.  Besides  the  new  hydrocarbon  just  described,  only  two  of 
the  six  possible  j9-menthenes  seem  to  hâve  been  prepared,  namely, 
A^-j5-menthene  (carvomenthene)  and  A^-^j-menthene.  The  latter  may  be 
readily  obtained  in  quantity,  as  Zelinsky  and  Zelikoff  {Ber.,  1901,  34, 
3253)  bave  shown,  by  heating  menthol  with  oxalic  acid.  It  is  very 
similar  in  properties  to  A^'^'-/)-menthene,  and  like  this  substance  has 
only  a  feeble  odour.  Both  A^-^J-menthene  and  A^'^'-j^-menthene  are 
dihydro-derivatives  of  A^-^'^'-jo-menthadiene  ;  in  the  first  case,  the  double 
linking  in  the  side  chain,  and  in  the  second  that  in  the  ring  has  been 
removed  by  the  addition  of  two  atoms  of  hydrogen.  Since  in  both 
cases  this  change  has  resulted  in  the  disappearance  of  the  characteristic 
odour  of  lemons,  it  would  seem  to  follow  that  this  odour  is  dépendent 
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n  tlie  présence  both  of  the  double  linking  in  the  ring  and  of  that  in 
the  side  chain. 

A^'^'-;>Mentliene  is  reduced  with  difficulty,  even  when  dissolved  in 
alcohol  and  treated  with  a  large  excess  of  sodium,  but  if  its  hydro- 
bromide,  CjQHjg,HBr,  is  treated  with  zinc  dust  and  acetic  acid  it  is  con- 
verted  into 

^>menthane  (hexahydrocymone),  Me'CH<^pTT^^pTT2^CH*CMe2H. 

This  hydrocarbon  had  previously  been  obtained  by  several  methods 
(see  p.  652);  it  distils  at  169 — 170°  and  has  a  rather  feeble  odouv 
resembling  that  of  light  petroleum, 

While  considering  the  properties  of  the  members  of  the  terpene 
group  which  we  had  synthesised  by  the  reactions  mentioned  above, 
some  of  which  are  derived  from  tetrahydro-  and  some  from  hexahydro- 
benzene,  it  occurred  to  us  that  it  would  be  interesting  to  compare 
their  properties  with  those  of  similarly  constituted  substances  con- 
taining  in  the  place  of  the  reduced  rings  the  benzène  ring  itself .  We 
therefore  treated  ethyl  ^j-toluate  with  magnésium  methyl  iodide  and 

obtained  a  good  yield  of  ^j-tolyldimethylcarbinol,  Me*<^       ^'CMeg'OH, 

a  tertiary  alcohol  which  had  not  previously  been  described. 

This  substance  is  a  liquid  which  distils  at  112°  (16  mm.)  and  has 
a  rather  pleasant  sweet  odour,  quite  distinct  from  that  of  terpineol  or 
any  other  similarly  constituted  alcohol  belonging  to  the  terpene 
group.  When  this  alcohol  is  digested  with  potassium  hydrogen 
sulphate,  it  is  decomposed  in  the  usual  manner  with  élimination  of 
water  and  formation  of  ^^-methylwopropenylbenzene, 

*^^  \_/  ^^Me  ' 

a  hydrocarbon  of  which  dipentene  and  A^  ^''^'-;>menthadiene  are  the 
tetrahydro-derivatives.  It  boils  at  187°  and  possesses  an  odour  very 
similar  to  that  of  cinnamene,  and  quite  unlike  that  of  a  terpene  ;  it 
combines  with  two  atoms  of  bromine  with  formation  of  a  liquid 
additive  product,  and  yields  a  crystalline  nitrosochloride  which  melts 
at  102°. 

Réduction  of  -ç-Toluic  Acid. 

In  preparing  hexahydro-jt)-toluic  acid,  ^>toluic  acid,  in  quantities  of 
10  grams,  was  dissolved  in  î'soamyl  alcohol  (500  ce.)  and  reduced  at  the 
boiling  température  with  sodium  (50  grams),  essentially  according  to 
the  method  recommended  by  Einhorn  and  Willstatter  (Annalen,  1894, 
280,  160).  The  product  was  shaken  with  twice  its  volume  of  water,  the 
aqueous  solution  separated  from  the  îsoamyl  alcohol,  nearly  neutralised 
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with  dilute  sulphuric  acid,  and  evaporated  to  a  small  bulk.  A f ter 
acidifying  and  extracting  with  ether  in  the  usual  way,  the  crude 
crystalline  acid  was  dissolved  in  dilute  sodium  carbonate  and  oxidised 
with  permanganate  at  0°  until  the  colour  remained  pei-manent,  a  stream 
of  Carbon  dioxide  being  passed  during  the  whole  opération.  By  this 
means,  the  hexahydro-acid  is  freed  from  unsaturated  acids  (probably 
tetrahydro-/)-toluic  acids)  which  are  always  présent.  The  filtrate  from 
the  manganèse  precipitate  was  evaporated,  acidified,  and  extracted  with 
ether,  and  the  extract  several  times  fractionated  in  order  to  separate 
the  hexahydro-acid  from  considérable  quantities  of  isovaleric  acid. 
Lastly,  the  distilled  acid  was  left  in  contact  with  porous  porcelain 
until  ail  oily  impurity  had  been  absorbed.  Hexahydro-j9-toluic  acid 
melts  at  112°  and  crystallises  fi-om  formic  acid  in  glistening  prisms. 

Ethyl  Hexahydro--ç-toluate. — In  preparing  this  ester,  the  pure  acid 
(38  grams)  was  dissolved  in  a  cold  mixture  of  ethyl  alcohol  (200  ce.) 
and  sulphuric  acid  (20  ce.)  and,  after  standing  for  two  days,  heated 
on  the  water-bath  for  one  hour.  Water  was  then  added,  the  oily  ester 
extracted  with  ether,  the  ethereal  solution  washed  with  water  and 
dilute  sodium  carbonate,  dried  over  calcium  chloride,  and  evaporated. 
On  distilling  the  residue,  almost  the  whole  quantity  passed  over  at 
207 — 208°  (737  mm.)  as  a  colourless  oil  having  an  unpleasant  odour 
somewhat  resembling  that  of  amyl  acétate. 

0-2060  gave  0-5350  CO.  and  0-1960  H2O.     G  =  70-8;  H  =10-7. 
CjoHjgC^o  requires  C  =  70-6  ;  H  =  10-6  per  cent. 

The  yield  of  ester  was  32  grams,  and  the  unchanged  acid  was  readily 
recovered  from  the  sodium  carbonate  washings  by  acidifying  and 
extracting  with  ether. 


Bromination  of  Hexaliydro-'ç-toluic  Acid. 

According  to  Einhorn  and  Willstâtter  (Ânnalen,  1894,  280,  161), 
hexahydro-^-toluic  acid  is  not  easily  brominated  by  the  Hell-Volhaid 
process,  and  they  therefore  heated  the  acid  first  with  phosphorus  penta- 
chloride  and  then  with  bromine  in  a  sealed  tube  for  three  hours  at 
150°,  or  ten  hours  at  100°.  The  product  was  a  black,  tarry  mass, 
from  which,  by  repeated  crystallisation,  they  were  able  to  isolate  pure 
a-bromohexahydro-jo-toluic  acid.  As  we  required  large  quantities  of 
the  bromo-acid,  and  the  employment  of  sealed  tubes  was  very  in- 
convénient, we  re-investigated  the  matter,  and  found  that,  although 
the  bromination  takes  rather  longer  than  is  usually  the  case  with  acids 
of  this  nature,  it  can  be  carried  out  almost  quantitatively  and  without 
the  formation  of  any  tarry  products  if  the  following  conditions  are 
observed.     Hexahydro-jo-toluic  acid  (21  grams),  contained  in  a  flask 
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fitted  with  a  ground-in  condenser,  is  mixed  with  phosphorus  penta- 
chloride  (42  grams),  allowed  to  stand  until  the  somewhat  vigorous 
action  bas  subsided,  and  then  heated  on  the  water-batli  fov  about  a 
quarter  of  an  hour  in  order  to  complète  the  décomposition.  Bromine 
(30  grams)  is  then  added,  and  the  heating  continued  for  about  two 
days  and  until  the  bromine  has  almost  coiopletely  disappeared,  The 
-product  is  mixed  with  four  times  its  volume  of  foi-mic  acid  (sp.  gr.  1*22), 
heated  on  the  water-bath  for  half  an  hour,  and  then  allowed  to  stand 
for  24  hours,  when  an  almost  colourless,  crystalline  cake  of  a-bromo- 
hexahydro-p-toluic  acid  will  hâve  separated.  This  is  collée ted  at  the 
pump,  drained  on  porous  porcelain,  and  is  then  almost  pure. 

For  reasons  explained  in  the  next  section,  we  pi-eferred  in  most  of 
our  experiments  to  employ  ethyl  a-bromohexahydro-j9-toluate  rather 
than  the  acid  and  this  ester,  which  had  not  previously  been  described, 
we  prepared  in  large  quantities  in  the  following  manner.  The  oily 
product  of  the  bromination  of  hexuhydro-jo-toluyl  chloride,  obtained  as 
described  above,  was  poured  into  excess  of  alcohol,  and,  after  standing 
for  some  hours,  water  was  added  and  the  heavy  oil  extracted  with  etber, 
The  ethereal  solution  was  well  washed  with  water  and  dilute  sodium 
carbonate,  dried  over  calcium  chloride,  evaporated,  and  the  residue 
fractionated  under  reduced  pressure,  when  ethyl  a-bromohexahydro- 
jo-toluate  was  obtained  as  a  colourless  oil  which  possessed  a  pungent 
and  disagreeable  odour,  and  distilled  constantly  at  144°  (50  mm.). 
Owing,  doubtless  to  some  hydrogen  bromide  being  eliminated  during 
distillation,  the  analytical  nvimbers  obtained  were  somewhat  lower  than 
the  theoretical. 


0-2056  gave  0-1516  AgBr.     Br  =  3M 

CioH,.OoBr  requires  Br  =  32-1 


per  cent. 


ùk}-Tetrahydro-^-tolihic  Acid. 

In  our  first  experiments,  this  acid  was  prepared  according  to  the 
directions  given  by  Einhorn  and  Willstiitter  {Anncden,  1894,  280, 
163),  namely,  by  heating  a-bromohexahydro-7>toluic  acid  with  quinoline, 
and  purifying  the  resulting  crude  tetrahydro-acid  by  recrystallisation 
from  dilute  alcohol.  We,  however,  subsequently  found  that  the 
following  process  was  much  more  convenient  and  gave  a  much  better 
yield  of  the  pure  tetrahydro-acid.  Powdered  caustic  potash  (20  grams) 
is  dissolved  in  hot  methyl  alcohol  and,  after  eooling  to  about  40°,  ethyl 
a-bromohexahydro-jo-toluate  (23  grams)  is  added  ;  in  a  short  time,  the 
température  rises  to  the  boiling  point  and  much  potassium  bromide 
séparâtes.  After  heating  on  the  watei'-bath  for  half  an  hour,  the 
product  is  diluted  with  water,  evapoi'ated  until  free  from  alcohol, 
cooled  and  acidified,  when  tetrahydro-j!?-toluic  acid  séparâtes  in  almost 
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colourless  cr3^stals.  Thèse  were  collected  at  the  pump  and  purified  by 
recrystallisation  from  formic  acid  or  dilute  acetic  acid. 

0-1698  gave  0-4266  CO2  and  0-1296  HoO.     C  =  68-5;   H  =  8-5. 
CgHjgO^  requires  C  =  68-6  ;  H  =  8-6  per  cent. 

A^-Tetrahydro-p-toluic  acid  crystallises  in  long,  striated,  prismatic 
needles,  whicli  melt  at  134°j  when  heated  under  reduced  pressure,  the 
acid  distils  without  décomposition. 

Ethj/l  ù^^-I'etrahijdro-^'toluate,  C^H^^'COaEt. — In  preparing  this  ester, 
the  tetrahydro-acid  (43  grams)  was  added  to  a  mixture  of  alcohol 
(200  ce.)  and  sulphuric  acid  (20  ce.)  and  the  mixture  warmed  on  the 
water-bath  until  the  crystals  had  completely  dissolved.  After  stand- 
ing for  tvvo  days  and  heating  on  the  water-bath  for  half  an  hour, 
Wdter  was  added  and  the  oily  ester  extracted  with  ether.  The  ethereal 
solution  was  washed  with  water  and  dilute  sodium  carbonate,  dried 
over  calcium  chloride  and  evaporated,  and  the  residue  purified  by 
distillation,  when  almost  the  whole  quantity  passed  over  at  152 — 153° 
(100  mm.),  the  yield  being  nearly  quantitative. 

0-2194  gave  0-5746  COg  and  0-1902  HgO.     C-71-4;  H  =  9-6. 
Cj^Hj^jOg  requires  0  =  71-4;  H  =  9-5  per  cent. 

Ethyl  A^-tetrahi/dro-'p-toluate  is  a  colourless  oil  possessing  a  pungent 
odour  somewhat  resembling  that  of  amyl  acétate. 

2-Bromohexahydro-'ç-toluic  Acid. — Finely  powdered  tetrahydro-jo-toluic 
acid  dissolves  readily  in  fuming  hydrobromic  acid  (saturated  at  0°) 
and  the  solution  gradually  deposits  crystals  of  the  above  bromo-acid. 
After  two  days,  thèse  were  collected  and  recrystallised  fi'om  formic 
acid,  from  which  the  acid  séparâtes  in  glistening  crystals. 

0-2053  gave  0-1732  AgBr.     Br  =  35-9. 

CgHjgOgBr  requires  Br  =  36-2  per  cent. 

l-BromohexahydrO'T^-toluic  acid  is  very  readily  soluble  in  alcohol, 
benzène,  ether,    or  chloroform,  but  sparingly  so  in  light  petroleum. 

It  crystallises  well  from  dilute  alcohol  in  microscopic  needles. 

1  :  %Dihromoliexaliydro-i^-toluic  Acid,  C^Hj^Br^'OOgH. — The  solution 
of  tetraliydro-^^-toluic  acid  in  chloroform  is  only  very  slowly  attacked 
by  bromine,  but,  if  the  powdered  acid  is  left  exposed  to  dry  bromine 
vapour,  addition  takes  place  readily  and  completely. 

The  product  was  exposed  over  caustic  potash  until  the  free  bromine 
had  been  removed  and  then  crystallised  from  formic  acid. 

0-2282  gave  0-2858  AgBr.     Br-53-3. 

CgHjgOgBrg  requii-es  Br  =  53-3  per  cent. 

1 :  2-Dibromohexahydro-^-toluic  acid  melts  at  149°,  but  softens  some- 
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what  below  this  température  ;  it  is  readily  soluble  in  alcohol,  ether, 
or  benzène,  but  sparingly  so  in  light  petroleum,  When  the  finely 
divided  acid  is  shaken  with  sodium  carbonate  solution,  it  is  converted 
into  a  sparingly  soluble  sodium  sait  which  crystallises  well  from  water 
but  was  not  further  investigated. 


à?-T^-Menthenol{9>). 

The  method  employed  in  pi-eparing  this  tertiary  alcohol  was  as 
follows  :  dry  magnésium  powder  (18  grams)  *  was  suspended  in  pure 
dry  ether  (distilled  fiist  over  sodium  and  then  over  phosphoric  anhy- 
dride) in  a  large  flask  connected  with  a  long,  reflux  condenser  and 
then  methyl  iodide  (100  grams)  added  in  three  portions,  any  violent 
ebullition  being  controlled  by  plunging  the  flask  into  running  water. 
When  the  magnésium  had  dissolved,  ethyl  tetrahydro-/)-toluate  (40 
grams)  was  poured  in,  when  it  was  noticed  that  very  little  rise  of 
température  occurred  during  the  first  few  minutes,  but  that  the  ether 
gradually  became  heated  to  its  boiling  point  if  care  was  not  taken  to 
keep  the  flask  well  cooled.  After  12  hours,  the  product  was  cautiously 
decomposed  by  water  and  dilute  hydrochloric  acid,  the  ethereal  solu- 
tion separated,  washed  with  water,  evaporated,  and  digested  with 
methyl-alcoholic  potash  (10  grams  KOH)  for  10  minutes  on  the 
water-bath,  by  which  means  any  unchanged  ester  which  might  hâve 
been  présent  was  hydrolysed. 

After  diluting  with  water,  the  neutral  oil  was  extracted  with  ether, 
the  ethereal  solution  washed  well,  dried  over  calcium  chloride  and 
evaporated,  and  the  residue  distilled  under  reduced  pressure  (30  mm.). 
By  far  the  larger  portion  passed  over  at  90 — 95°  and  consisted  of  almost 
pure  A^"^'^'-^>menthadiene  (see  the  next  section)  and  the  remainder 
distilled  at  110^ — 135°.  On  refractioning  the  latter,  an  oil  was 
obtained  which  distilled  at  117 — 120°  (25  mm.)  and  consisted  of  pure 
A3-jo-menthenol(8). 

0-1412  gave  00431  CO2  and  0-1498  H.O.     C  =  77-8;  H  =11-8. 
CjoH^gO  requires  C  =  77-9;  H  =  ll-7per  cent. 

^^-^-Menthenol{^)  bas  a  very  penetrating  and  pleasant  odour,  which 
resembles  and  is  even  more  pronounced  than  that  of  terpineol. 
Unlike  the  latter  substance,  it  does  not  appear  to  yield  a  crystalline 

Later  expeiiments  on  the  conditions  of  formation  of  tertiary  alcohols  similar  to 
A=*-^-menthenol(8)  hâve  shown  tliat  a  much  better  yield  is  always  obtained  when 
the  ester  employed  is  treated  with  rather  Icss  than  the  calculated  quantity  of 
magnésium  methyl  iodide. 

Any  excess  of  the  latter  acts  as  a  dehydrating  agent,  and  this  accounts  for  the 
formation  of  such  large  quantities  of  A-*s(«)-^-menthadiene  in  the  above  e.\periment. 


648  PERKIN    AND    PICKLES  :    EXPERIMENTS    ON   THE 

nitrosochloride  or  phenyluretbane,  at  ail  events  under  the  expérimental 
conditions  employed  by  us. 

Since  ordinary  terpineol  is  readily  converted  into  crystalline 
terpin  hydrate  when  left  in  contact  with  dilute  sulphuric  acid,  an 
experiment  on  the  action  of  dilute  sulphuric  acid  on  A^-^>menthenol(8) 
was  carried  out  in  the  hope  that  a  similar  crystalline  dihydroxy- 
compound  might  resuit,  but  this  did  not  prove  to  be  the  case. 
After  10  grams  of  the  pure  menthenol  had  been  shaken  on  the 
machine  with  1  litre  of  5  per  cent,  sulphuric  acid  for  10  days,  almost 
the  whole  of  the  substance  was  recovered  unchanged  on  extraction 
with  ether. 

^■^^^^^-■p-Menthadiene. 

This  hydrocarbon  is  contained,  together  with  some  A^-j9-menthenol(8), 
in  the  fractions  of  the  product  of  the  action  of  magnésium  methyl 
iodide  on  ethyl  tetrahydro-;>toluate,  which  distilled  at  90 — 95°  (30  mm., 
see  the  previous  section).  In  order  to  décompose  the  menthenol  which 
was  présent,  the  oil  (17  grams)  was  digested  with  powdered  potassium 
hydrogen  sulphate  (25  grams)  in  a  reflux  apparatus  for  one  hour. 
After  distilling  in  steam,  the  distillate  was  extracted  with  ether,  the 
ethereal  solution  dried  over  calcium  chloride  and  evaporated,  and  the 
residual  oil  distilled,  the  portion  passing  over  at  178 — 190"  being 
collected  separately.  This  oil  was  then  twice  fractionated  and  the 
fraction  (185 — 188°)  distilled  three  times  over  sodium  and  analysed  : 

0-1854  gave  0-5690  CO2  and  0-1932  H^O.     C  =  87-7;  H  =  116. 
CjqH^q  requires  C  =  88-2  ;  H  =  11-8  per  cent. 

A^  *'^'-^>Menthadiene  boils  at  186 — 187°  and  possesses  in  a  marked 
degree  the  intense  odour  of  lemons  so  characteristic  of  dipentene  ;  when 
cooled  in  liquid  air,  it  solidifies  to  a  glassy  mass  intersected  with  cracks, 
but  the  mass  liquéfies  again  at  a  température  below  -  40°,  As  the 
following  experiment  shows,  it  oxidises  readily  in  the  air,  although 
apparently  not  so  rapidly  as  dipentene.  About  1  ce.  of  the  hydro- 
carbon was  introduced  into  a  tube  standing  over  water,  when  it  was 
found  that  in  6  days  the  water  had  risen  4-75  inches.  Since  the 
column  of  the  original  air  was  245  inches  in  length,  it  follows  that 
the  absorption  of  the  oxygen  had  been  practically  complète. 

Action  of  Bromine. — A^-^'^'-jo-Menthadiene  is  readily  attacked  by 
bromine,  but,  although  it  contains  two  double  linkings,  it  is  only  capable 
of  absorbing  two  atoms  of  bromine,  as  the  following  experiment  shows 
(compare  p.  641).  The  hydrocarbon  (1-2  grams)  was  dissolved  in 
chloroform  (5  grams),  the  solution  cooled  to  —  10°,  and  then  bromine 
(diluted  with  twice  its  volume  of  chloroform)  added  slowly  from 
a  burette,  every  care  being  taken  to  keep  the  solution  at  -  10°  during 
the  whole  opération.     At  first,  the  colour  of  the  bi-omine  disappeared 
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instantly,  but  as  soon  as  the  calculated  quautity  for  the  foriLuIa 
CjoH^gBi-g  had  been  added  the  colour  was  very  slowly  discharged  and  then 
only  wiih  évolution  of  hydrogen  bromide.  A  second  experiment  led 
toexactly  the  same  resuit.  The  product  from  the  two  experiments  was 
freed  from  chloroform  by  aspirating  a  rapid  current  of  dry  air  through 
it,  and  analysed,  after  leaving  for  two  days  in  an  exhausted  desiccator 
over  caustic  potash  and  paraffin  wax. 

02010  gave  0-2526  AgBr.     Br  =  53-5. 

CjQHjgBro  requires  Br  =  54'0  per  cent. 

This  dibromide  is  readily  acted  on  by  zinc  dust  and  acetic  acid,  but  the 
réduction  is  a  complicated  one  and  we  were  unable  to  isolate  any 
definite  product. 

Action  of  Hydrogen  Chloride. — When  freshly  distilled  A^ -"''-^;-men- 
thadiene  is  dissolved  in  glacial  acetic  acid  and  saturated  with  hydrogen 
chloride  at  a  température  not  exceeding  0°,  it  combines  with  the 
halogen  acid  to  form  the  oily  additive  product,  Cj^)H^g,HC]. 

After  remaining  for  several  hours,  the  solution  was  poured  into  ice 
water,  rapid ly  extracted  with  ether,  and  the  ethereal  solution  well 
washed  with  water  and  dilute  sodium  hydrogen  carbonate.  The  bulk 
of  the  ether  was  then  distilled  oiï  at  as  low  a  temperatui-e  as  possible 
and  the  remainder  removed  over  sulphuric  acid  in  an  exhausted 
desiccator.  Unfortunately,  although  the  experiment  was  repeated 
several  times,  the  analysis  always  gave  values  which  were  considerably 
lower  than  those  required  by  the  formula  CjoHjg,HCl. 

02902  gave  0-2178  AgCl.     Cl  -  18-7. 

C^qHj.j.C1  requires  Cl  =  20-5  per  cent. 

Very  probably  this  additive  compound  is  unstable  and  loses  some 
hydrogen  chloride  during  the  necessary  washing  with  water  and  dilute 
sodium  hydrogen  carbonate. 

'  Action  of  Hydrogen  Bromide. — In  investigating  the  behaviour  of 
A^-^'^'-/)-menthadiene  towards  hydrogen  bromide,  the  hydrocarbou, 
directly  after  distillation,  was  shaken  in  a  stoppered  bottle  with  six 
times  its  volume  of  fuming  hydrobromie  acid  (saturated  at  0°),  the 
température,  which  is  apt  to  rise  considerably,  being  kept  below  10°  by 
cooling  in  ice  water.  After  two  hours,  the  product  was  poured  into 
ice  water,  the  heavy  oil  rapidly  extracted  with  ether,  the  ethereal 
solution  well  washed  with  water,  and  the  ether  removed  by  careful 
evaporation  and  then  over  sulphuric  acid  in  an  exhausted  desiccator. 
Two  différent  préparations  were  analysed  with  the  following  results  : 

0-3807  gave  0-322    AgBr.     Br  =  36-0. 
0-3041  gave  0-2584  AgBr.     Br  =  36-2. 

CjoH^^Br  requires  Br  =  36-9  per  cent. 
VOL.    LXXXVII.  Y   Y 
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A'^^^'-'^'-'p-Meiithadiene  hydrohromide,  when  prepared  in  this  way,  is  a 
yellow  oil  which  lias  an  odour  of  oil  of  turpentine  and  is  readily  de- 
composed  by  boiling  with  water  or  dilute  alkalis. 

-ç-Menthanol(d>). 

This  tertiary  alcohol  is  produced  when  ethyl  hexahydro-^j-toluate 
reacts  with  magnésium  methyl  iodide. 

Magnésium  (8 "4  grams)  was  suspended  in  dry  ether  and  converted 
into  magnésium  methyl  iodide  in  the  usual  way  ;  the  well-cooled  solu- 
tion was  then  mixed  with  ethyl  hexahydro-jt>-toluate  (30  grams),  care 
being  taken  to  prevent  rise  of  température. 

After  standing  overnight,  the  product  was  carefully  decomposed 
with  water  and  dilute  hydrochloric  acid,  the  ethereal  solution  washed, 
evaporated,  and  the  residue  digested  with  methyl-alcoholic  potash  (8 
grams  of  KOH)  for  half  an  hour  in  order  to  remove  any  unchanged 
ester  which  might  be  présent.  After  diluting  with  water,  the  oil  was 
extracted  with  ether,  the  ethereal  solution  well  washed,  dried  over 
calcium  chloride,  evaporated,  and  the  oil  fractionated  under  reduced 
pressure.  Almost  the  whole  quantity  passed  over  at  99 — 101° 
(20  mm.)  as  a  coloui-less  oil  which,  on  cooling,  solidified  in  long,  flat 
plates.  The  crystals  were  left  in  contact  with  porous  porcelain  until 
quite  dry  and  then  analysed  : 

0  1680  gave  0-4712  CO2  and  0-1940  HoO.     0  =  765;  H  =  12-8. 
CioHoqO  requires  C  =  76-9  ;  H  =  12-8  per  cent. 

^-Menthanol(8)  melts  at  about  35 — 36°  and  is  so  soluble  in  the 
ordinary  solvents  that  no  attempt  was  made  to  recrystallise  it  ;  it 
distils  at  206 — 207°  (750  mm.)  apparently  without  any  décomposition, 
since  the  distillate  solidifies  at  once  on  cooling.  It  volatilises  rapidly 
at  the  ordinary  température,  and  has  a  penetrating  pleasant  odour  very 
similar  to  that  of  menthol,  with  which  it  is,  of  course,  isomeric  and 
closely  allied  in  constitution. 

/^^i^^-p-Menthene. 

This  hydrocarbon  is  obtained  when  p-menthanol(8)  is  digested  with 
anhydrous  potassium  hydrogen  sulphate. 

The  pure  alcohol  (25  grams)  was  mixed  in  a  reflux  apparatus  with 
powdered  potassium  hydrogen  sulphate  (40  grams)  and  heated  to  boil- 
ing for  two  hours  in  an  oil-bath.  Sufficient  water  was  then  added  to 
dissolve  the  sait,  the  oil  was  extracted  with  ether,  and,  after  very  care- 
fully drying  over  calcium  chloride  and  evaporating,  several  times  frac- 
tionated in  order  to  remove  a  considérable  quantity  of  unchanged 
jo-menthanol(8)  which  was  présent.     The  fraction  169 — 172°  was  then 
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distilled  three  times  over  sodium,  when  almost  the  whole  quantity 
passed  over  at  170—170-5°  (746  mm.). 

01340  gave  0-4287  CO2  and  0-1619  H.,0.     C  =  87-2;  H  =13-4. 
0-1478     „     0-4711  CO2    „     0-1758  ÏÏÔO.     C  =  86'9  ;  H=  13-2. 
C\oïïi8  requires  C  =  870  ;  H  =  13-0  par  cent. 

^\^)-T^-Menthene  has  a  peculiar  odour,  which  at  first  resembles  parsley 
but  is  afterwards  reminiscent  of  lemons.  It  does  not  appear  to  oxidise 
in  the  air,  and  when  dissolved  in  chloroform  and  cooled  to  -  10°  it 
absorbs  bromine  without  the  évolution  of  hydrogen  bromide.  Several 
experiments  were  made  in  the  hope  of  directly  reducing  A^(^)-j9-men- 
thene  to  ^j-menthane,  but,  although  the  hydrocai-bon  (7  grams)  was 
treated  in  boiling  alcoholic  solution  with  50  grams  of  sodium,  only 
partial  réduction  took  place,  as  the  following  analysis  shows  : 

0-1132  gave  0-3581  CO2  and  0-1395  HoO.     C  =  86-3;  H -13-7. 
^>Menthane,  C1QH20,  requires  C  =  85-7  ;  H=  14-3  per  cent. 


8-Bro7no-'p-7nenthane,  Me'CgHjQ'CBrMeg,  and  p-Menthane, 
Me'C6H^o-CHMe2. 

When  ^-menthanol(8)  is  melted  and  then  shaken  in  a  tube  with  six 
times  its  volume  of  fuming  hydrobromic  acid  (saturated  at  0°),  it 
appears  at  first  to  dissolve,  but  in  a  short  time  an  oily  layer  séparâtes 
on  the  surface  of  the  hydrobromic  acid.  After  one  hour,  the  tube 
was  sealed  andheated  at  50°  for  about  15  minutes,  the  contents  of  the 
tube  being  several  times  well  shaken.  "Water  was  then  added,  the 
heavy  oil  extracted  with  ether,  the  ethereal  solution  well  washed  with 
water,  dried  over  calcium  chloride,  and  the  ether  removed  by  evapora- 
tion  at  as  low  a  tempei'ature  as  possible  and  fi.nally  over  sulphuric 
acid  in  an  exhausted  desiccator. 

0-3197  gave  0-276  AgBr.     Br  =  36-7. 

CjQH^gBr  requires  Br=36-6  per  cent. 

8-£yomo-^menthane  is  a  colourless  oil  which  has  an  odour  somewhat 
resembling  that  of  rsoamyl  bromide  j  under  14  mm.  pressure,  it  appears 
to  distil  without  much  décomposition  at  about  110°,  but  no  analysis  of 
the  distilled  product  was  made.  In  reducing  this  bromo-compound 
to  jo-menthane,  the  oil  was  dissolved  ia  10  vols,  of  glacial  acetic  acid 
and  treated  first  in  the  cold  and  then  at  50°  with  several  small  quan- 
tities  of  zinc  dust,  and  after  about  half  an  hour  the  mass  was  heated 
on  the  water-bath  with  the  addition  of  a  few  ce.  of  a  solution  of 
hydrogen  bromide  in  acetic  acid.  Water  was  then  added,  the  oil 
extracted  with  ether,  washed  well  with  water,  evaporated,  and  the 
réduction    with   zinc   dust  and    ace'ic   acid  repeated  twice  exactly  as 

V   V   2 
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before.  In  order  to  be  quite  certain  that  the  pi'oduct  was  free  from 
bromine,  the  oil  (10  grams)  was  dissolved  in  alcohol  (500  ce.)  and 
reduced  at  the  boiling  température  with  sodium  (35  grams)  in  the 
usual  way.  After  distilling  in  steam,  the  hydrocarbon  was  extracted 
with  ether,  twice  distilled  over  sodium,  and  the  fraction  (169 — 170°) 
analysed  : 

0-1121  gave  0-3532  CO2  and  0-1419  Hp.     C  =  85-9;  H  =  14-0. 


The  results  of  this  analysis,  and  also  the  fact  that  the  hydrocarbon 
reduced  permanganate,  showed  clearly  that  the  réduction  had  not  been 
complète  ;  the  oil  was  therefore  shaken  on  the  machine  with  an  excess 
of  a  1  per  cent,  solution  of  potassium  permanganate  and  a  little  caustic 
soda  for  15  minutes,  the  hydrocarbon  again  extracted  with  ether  and 
fractionated,  when  pure  ^-menthane  was  obtained  distilling  constantly 
at  169°(758  mm.). 

0-1416  gave  0-4442  CO^  and  0-1832  Ufl.     C  =  85-6  ;  H  =  14-4. 

Berkenheim  (Ber.,  1892,  25,  688)  found  that  ^j-menthane  is  produced 
when  menthol  is  heated  with  hydriodic  acid  (sp.  gr.  1  -8)  at  200°,  and 
states  that  it  boils  at  169 — 170-5°.  Shortly  afterwards,  Wagner 
(Ber.,  1894,  27,  1638)  showed  that  this  hydrocarbon  may  be  much 
more  conveniently  prepared  by  treating  menthol  with  concentrated 
sulphuric  acid  at  the  ordinary  température.  The  sulphuric  acid  acts, 
in  this  instance,  as  a  reduciug  agent,  and  the  ^-menthane  obtained  dis- 
tilled at  168—169°. 

Jiinger  and  Klages  {Ber.,  1896,  29,  317)  also  prepared  p-menthane 
from  menthyl  chloride  by  réduction  with  sodium  and  alcohol,  but  they 
do  not  give  the  boiling  point  of  the  hydrocarbon  which  they  obtained  in 
this  way.  Lastly,  Sabatier  and  Senderens  (Co7npt.  rend.,  1901,  132, 
566)  showed  that  j^-menthane  is  produced  when  the  vapour  of  cymene, 
mixed  with  hydrogen,  is  passed  over  reduced  nickel  at  180°,  and  they 
give  the  boiling  pointas  166 — 168°. 

p-  Tolyldimethylcarhinol. 

The  ethyl  j:>-toluate  lequired  for  the  préparation  of  the  above  sub- 
stance was  obtained  by  heating  jo-toluic  acid  (100  grams)  with  alcohol 
(400  ce.)  and  sulphuric  acid  (40  ce)  on  the  water-bath  for  four  hours. 
After  isolating  in  the  usual  way,  106  grams  of  pure  ester  were  obtained 
boiling  at  229 — 230°.  This  ester  (33  grams)  was  now  added  to  an 
ethereal  solution  of  magnésium  methyl  iodide  (containing  9  grams  of 
magnésium),  ail  rise  of  température  being  avoided  by  cooling  in  run- 
ning  water.  After  twelve  hours,  the  product  was  decomposed  by 
water  and  dilute  hydrochloric  acid  and  the  ethereal  solution  washed 
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with  water  and  evaporated.  The  oily  residue  was  digested  for  half  an 
hour  with  caiistic  potash  (11  grams)  dissolved  in  mebhyl  alcohol, 
the  neutral  oil  again  precipitated  by  water  and  extracted  with  ether. 
The  ethereal  solution  was  well  washed,  dried  over  calcium  chloride, 
evaporated,  and  the  residual  oil  distilled  under  reduced  pressure,  when 
almost  the  whole  quantity  passed  over  at  111 — 112°  (16  mm.). 

0-2292  gave  0-6714  C0.2  and  0-1908  H.O.     C  =  79-9;  H -9-3. 
C%H^^O  requires  C  =  80-0  ;  H  =  9-3  per  cent. 

^-Tolyldimethylcarhinol  lias  a  rather  pleasant  sweet  odour  quite 
distinct  from  that  of  terpineol.  Cooled  in  liquid  air,  it  solidified 
to  a  glassy  mass  cracked  ail  through,  and  this  again  became  almost 
liquid  at  -  20°.  When,  however,  the  test-tube  containing  the 
substance  was  taken  out  of  the  liquid  air  and  rubbed  with  a  glass  rod, 
the  whole  suddenly  crystallised  to  an  opaque  solid  at  about  -  20°  ;  this 
gradually  melted,  and  the  melting  point  registered  by  a  thermometer 
placed  in  the  melting  liquid  was  seen  to  be  about  +  5°. 


■ç-Tolyldimelhylcarhinolphenylun 
Me-CeH,-CMe,-0-CO-NH-C,H,. 

In  preparing  this  derivative,  the  alcohol  (3  grams)  was  mixed  with 
phenylcarbimide  (2-5  grams)  in  a  small  flask  fitted  with  an  air  con- 
denser, and  after  heating  on  the  water-bath  for  three  hours  the 
liquid  was  allowed  to  stand  for  three  days.  The  contents  of  the  flask, 
which  had  become  almost  solid,  were  left  in  contact  with  porous  porce- 
lain  until  quite  dry,  and  the  residue  purified  by  recrystallisation  from 
dilute  methyl  alcohol. 

0-1402  gave  6-6  ce.  of  nitrogen  at  18°  and  760  mm.     N  =  5-4. 
CjyHj902N  requires  N  =  5-2  per  cent. 

This  phenylurethane  crystallises  from  dilute  methyl  alcohol  in  small 
needles  and  melts  at  119  -120°. 

Tp-2fethylisopropenylbenzene. 

This  hydrocarbon  is  readily  prepared  by  acting  on  ethyl  ^-toluate 
with  an  excess  of  magnésium  methyl  iodide,  when  the  latter  acts  as  a 
dehydrating  agent  and  converts  a  considérable  quantity  of  the  7>tolyl- 
dimethylcarbinol,  first  formed,  into  jo-methyh'sopropenylbenzene. 

The  quantities  actually  employed  were  :  ethyl  jy-toluate  (33  grams), 
magnésium  (14  grams),  and  methyl  iodide  (85  grams). 

The  reaction  was  allowed  to  proceed  without  cooling,  and  the  pro- 
duct  was  isolated  in  the  manner  described  on  the  preceding  page. 

The'oil  thus  obtained,  which  consists  of  a  mixture  of  hydrocarbon 
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and  alcohol,  was  digested  for  one  hour  with  powdered  potassium 
hydrogen  sulphate  in  order  to  convert  the  alcohol  into  hydrocai'bon, 
water  was  then  added  and  the  cil  distilled  in  steam.  The  distillate 
was  extracted  with  ether,  the  ethereal  solution  evaporated,  and  the 
residue  fractionated,  when  almost  the  whole  quantity  passed  over  at 
186—188°  (780  mm.). 
The  hydrocarbon  was  then  twice  distilled  over  sodium  and  analysed  : 

0-1508  gave  0-5014  CO2  and  0-1227  H^.     C  =  90-9  ;  H  =  9-1. 
C^qHjo  requires  C  =  90-9  ;  H  =  9-1  per  cent. 

^-Methyli&opropenylhenzene  distils  constantly  at  187°  under  780  mm. 
pressure  and  possesses  an  odour  similar  to  that  of  cinnamene,  but  at 
the  same  time,  especially  when  hot,  it  has  a  slight  odour  of  lemons. 
When  cooled  in  liquid  air,  the  hydrocarbon  solidified  in  definite  leaf- 
like  crystals,  and  on  removing  the  test-tube  from  the  liquid  air  and 
ffllowing  it  to  gradually  melt  a  thermometer  placed  in  the  liquid 
indicated  a  melting  point  of  approximately  —  20°. 

jtj-Methyh'sopropenylbenzene  combines  readily  with  two  atoms  of 
bromine,  as  the  following  experiment  shows.  The  hydrocarbon 
(3-8  grams)  was  dissolved  in  two  volumes  of  chloroform,  cooled  to 
-  10°,  and  a  solution  of  bromine  in  two  volumes  of  chloroform  added 
until  the  colour  remained  permanent,  when  it  was  found  that  4-4 
grams  of  bromine  had  been  absorbed,  whereas  the  formation  of  a 
dibromo-addition  product  requires  the  absorption  of  4-6  grams  of 
bromine. 

The  chloroform  was  removed  by  aspirating  a  current  of  dry  air 
through  the  solution,  the  oily  residue  allowed  to  remain  for  two  days 
over  paraffin  wax  and  solid  caustic  potash  in  an  exhausted  desiccator, 


0-3064  gave  0-3906  AgBr.     Br  =  54-3. 

CjoHjjBrg  requires  Br  =  54'7  per  cent. 

p-Methi/ldibromoisopro2?enylbenzene  rapidly  becomes  yellow  on  ex- 
posure  to  light  and  air.  When  distilled  under  15  mm.  pressure,  an  oil 
passes  over  at  155 — 158°,  which,  however,  contains  only  45  percent,  of 
bromine,  showing  that  some  décomposition  had  taken  place  during  the 
distillation. 

The  Nitrosochloride. — In  preparing  this  derivative,  the  hydrocarbon 
(1  ce.)  was  dissolved  in  methyl  alcohol  (1  ce),  and  after  cooling  to 
—  10°  mixed  with  isoamyl  nitrite  (1-5  ce).  Concentrated  hydro- 
chloric  acid  (Tl  ce)  and  acetic  acid  (0-5  ce.)  were  added  drop  by 
drop  from  a  burette  and  the  whole  allowed  to  remain  for  one  hour  in  the 
freezing  mixture.  When  poured  into  ice  water,  an  oil  was  precipitated, 
and  when  this  had  become   almost  solid  it   was   left  in   contact  with 
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porous  porcelain  until  quite  dry,  rapidly  washed  at  the  pump  with  a 
little  methyl  alcohol,  and  then  recrystallised  from  this  solvent. 

0-1708  gave  10-5  ce.  of  nitrogen  at  16°  and  746  mm.     N  =  7-0. 
CioHj2^0Cl  requires  N  =  7-l  per  cent. 

■ç-Methyli&ojn'openylhenzene  nitrosochloride  melts  at  100 — 102°  and  is 
readily  soluble  in  benzène  or  hot  methyl  alcohol,  but  sparingly  so 
in  light  petroleum.  It  crystallises  from  a  mixture  of  benzène  and 
light  petroleum  in  starry  groups. 

Thk  Victoria  University  of  Manchester. 


LXV. — Experiments  on  the  Synthesis  of  the  Terpenes. 
Part    III.      Synthesis    of    Aliphatic    Compou7ids 
similar  in  constitution  to  Terpineol  and  Dipentene. 
By  William  Henry  Perkin,  jun.,  and  Samuel  Shrowder  Pickles. 

It  is  often  assumed,  largely  as  the  resuit  of  Baeyer's  researches 
on  the  réduction  of  the  phthalic  acids,  that,  when  derivatives  of 
benzène  are  reduced,  they  not  only  lose  their  aromatic  character,  but  at 
the  same  time  acquire  properties  similar  to  those  of  open  chain  com- 
pounds  of  the  aliphatic  séries.  Since  the  terpenes  are  reduced  benzène 
derivatives,  it  occurreJ  to  us  that  it  would  be  interesting  to  attempt 
to  prépare  open  chain  compounds  as  closely  allied  as  possible  to  the 
typical  substances  terpineol  and  dipentene  in  order  to  détermine 
whether  any  great  similarity  in  properties  existed  between  such  open 
chain  compounds  and  thèse  members  of  the  terpene  group.  Our 
spécial  object  was  to  synthesise  an  alcohol  which  contained  the  double 
linking  and  the  tertiary  alcohol  group  -CMeg'OH  in  the  same  posi- 
tions as  in  terpineol  and  which  would,  on  élimination  of  water,  yield 
a  hydrocarbon  in  which  the  double  linkings  are  situated  as  in 
dipentene. 

In  our  first  experiments,  we  subjected  ethyl  allylacetate  to  the  action 
of  magnésium  methyl  iodide  and  then  heated  the  resulting  tertiary 
alcohol  in  the  usual  manner  with  potassium  hydrogen  sulphate,  by 
which  means  it  was  converted  into  the  corresponding  hydrocarbon. 

If  this  séries  of  reactions  is  represented  thus  : 

Ethyl  allylacetate,  CHg'CH-CHg'CHg'COoEt, 
Dimethylbutenylcarhinol,  CïïglCH-CHo-CHj-CMe^-OH, 

Allylisopropenylmethane,  CHglCH'CHg'CHg'C-^,!^   -, 
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and  thèse  formulée  compared  with 

Terpineol,  Me- C<^^~^2'>^'I^' ^^^^2* OH, 
and 

Dipentene,UQ'G<^^^yOB.-Q<^^^, 

it  will  be  seen  that  the  new  open  chain  alcohol  and  hydrocarbon  closely 
resemble  terpineol  and  dipentene  in  structure. 

Dimethylbutenylcarhinol  is  a  liquid,  the  odour  of  which  is  undoubtedly 
somewhat  similar  to  that  of  terpineol;  it  distils  at  142-5°  and  yields 
a  crystalline  phenylurethane  (m,  p.  82°). 

Allylisopro]:>enylmethane  boils  at  92°,  and,  like  dipentene,  readily 
absorbs  oxygen  from  the  air  ;  it  yields  an  oily  tetrabromide  and  a 
crystalline  nitrosochloride  (m.  p.  76°),  but  it  lias  a  very  unpleasant 
acrid  odour  which  is  not  in  the  least  like  that  of  dipentene. 

In  order  to  prépare  compounds  still  more  analogous  in  structure  to 
terpineol  and  dipentene,  we  next  submitted  ethyl  ethylallylacetate  to 
the  same  séries  of  reactions  as  we  employed  in  the  case  of  ethyl 
allylacetate.     If  the  results  obtained  are  represented  as  follows  : 

Ethyl  ethylallylacetate,   GH/^^    ^,^^0^.-^0.^^, 
D  im  ethylethylisobutenylcarb  Inol,  CH^  ^^  tt  .  ptt2/>CII  •  C  Meg  *  OH, 

Ethylallyliiojwopenylmethane,  CHg'  pTT  .rixT^'^G-^'^'^M   "' 

the  great  similarity  in  constitution  *  between  the  two  latter  substances 
and  terpineol  and  dipentene  will  at  once  be  évident. 

In  iuvestigating  thèse  substances,  it  was  interesfcing  to  find 
that  their  properties  appi'oximate  much  more  closely  to  those  of 
terpineol  and  dipentene  than  is  the  cise  with  the  substances  dimethyl- 
buteuylcarbinol  and  al! y Ksopropenyl méthane. 

Dimethylethylbutenylcarbinol  boils  at  165°  aad  bas  a  pronounced 
odour  of  terpineol  and  of  peppermint  ;  ethylallylisopropenylmethane 
boils  at  127°  and  bas  a  pleasant  odour  of  lemons  and  of  peppermint, 
but  the  odour  is  différent  from  tbat  of  dipentene. 

The  introduction  of  ethyl  in  the  latter  case  bas  entirely  removed 
the    unpleasant    acrid    odour    which    characterised    allyh'sopropenyl- 

*  The  similarity  in  structure  between  those  open  chain  compounds,  on  the  one 
hand,  and  A^-normenthenol(8)  and  A^-sOJ-normenthadiene  on  the  other  (compare 
the  following  paper,  p.  662)  is  perhaps  still  more  striking,  since  the  différence  in 
the  position  of  one  of  the  double  linkings  is  not  likely  to  bring  about  much 
altération  in  properties. 
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méthane.  Like  dipentene,  ethylallyh'sopropenylmethane  yields  a 
tetrabromide,  but,  unlike  the  terpene,  it  does  not  appear  to  absorb 
oxygen  from  the  air  ;  this  behavionr  is  ciu^ious,  since,  as  has  already 
been  mentioned,  allyk'«opropenylmethane  exhibits  this  property  in  a 
striking  manner. 

The  results  of  this  investigation  indicate  that  open  chain  compounds 
analogous  in  structure  to  the  teipenes  and  their  derivatives,  while 
showing  certain  similarities  in  behaviour,  nevertheless  possess  pro- 
perties  différent  from  those  exhibited  by  the  latter. 

It  appears,  therefore,  probable  that  the  closed  chain  structure  has 
a  distinct  influence  on  the  properties  of  the  terpenes  and  their 
derivatives. 

Dimethylhutenrjlcarhinol  CH^:CH-CH2-CH2-CMe2-OH. 

In  preparing  this  substance,  pui-e  ethyl  allylacetate  (30  grams)  was 
added  to  an  ethereal  sohition  of  magnésium  methyl  iodide  containing 
23  grams  of  magnésium.  Yei-y  little  action  appeared  to  take  place  at 
first,  but  af  ter  a  short  time  the  ether  commenced  to  boil  and  continued 
doing  so  for  about  fifteen  minutes.  After  standing  overnight,  the 
product  Avas  decomposed  by  water  and  dilute  hydrochloric  acid,  the 
ether  separated,  washed  with  a  little  sodium  sulphite  to  remove  iodine, 
evaporated,  and  the  oily  residue  digested  with  methyl-alcoholic  potash 
in  order  to  hydrolyse  the  unchanged  ester  which  might  be  présent. 
The  whole  was  diluted  with  water,  extracted  with  ether,  and,  after 
washing  well,  drying  over  calcium  chloride,  and  evaporaticg,  the  oil 
was  purified  by  fractionation.  In  this  way,  23  grams  were  obtained 
which  distilled  constantly  at  142-5°  and  gave  the  following  results  on 
analysis  : 

0-1660  gave  0-4486  COj  and  0-1858  H2O.     C  -  73-7  ;  H  =  12-4. 
C^H^^O  requires  C  =  73-7  ;  H=  12-3  per  cent. 

Dimethylbutenylcarhinol  is  a  colourless  oil,  possessing  a  very  pro- 
nounced  but  not  unpleasant  odour,  which  is  somewhat  similar  to  that 
of  terpiceol  ;  it  is  soluble  in  much  water,  but  did  not  solidify  when 
placed  in  a  freezing  mixture  of  ice  and  sait.  An  experiment  on  the 
action  of  dilute  sulphuric  acid  on  the  alcohol  was  tried  in  the  hope  of 
obtaining  the  cori-esponding  dihydric  alcohol,  but  without  success.  The 
alcohol  (6  grams)  was  mixed  with  5  per  cent,  sulphuric  acid  (750  ce), 
shaken  until  completely  dissolved,  and  then  left  at  the  ordinary  tempéra- 
ture for  four  weeks.  The  solution  was  saturated  with  ammonium 
sulphate  and  extracted  with  ether,  but  the  extract  was  found  to  con- 
sist  almo&t  entirely  of  the  unchanged  alcohol. 

The phenT/lurefhane,  C-H^gO-CO-NH-C^Hj,  was  prepared  by  heating. 
the  alcohol  (3  grams)  with  phenylcarbimide  (2-5  grams)  for  two  hours 
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on  the  water-bath.     The    product,   wliich    solidified  on  cooling,    was 
crystallised  several  times  from  methyl  alcohol, 

0-1762  gave  9  ce.  of  nitrogen  at  19°  and  774  mm.     N  =  6-0. 
Cj^HjgOgN  requires  N  =  6-0  per  cent. 

Ditnethylhutenylcarhinol    2:)lienylurethane    crystallises    from    methyl 
alcohol  in  prismatic  needles  and  melts  at  82°. 


Allyli&oj)ropenylmethane,  CH2iCH"CH2'CH2'CMeICH2. 

This  hydrocarbon  was  prepared  by  boiling  dimetbylbutenylcarbinol 
(12  grams)  with  powdered  potassium  hydrogen  sulphate  (18  grams)  for 
one  hour  in  a  reflux  apparatus  heated  by  means  of  an  oil-bath. 

The  product  was  distilled  and  the  distillate  fractionated,  when  almost 
the  whole  quantity  passed  over  at  90 — 96°,  and  after  twice  distilling 
over  sodium  the  following  analysis  was  made  : 

01126  gave  0-3615  CO2  and  0-1274  H.O.     C-87-5;  H  =  12-5. 
CkHj2  requires  C  =  87-5  ;  H  =  12-5  per  cent. 

Allyl\^02W0innylmeiJiane  boils  at  92°,  has  an  acrid  and  very  un- 
pleasant  odour,  and  decolorises  bromine  instantly  in  the  cold. 

In  order  to  prépare  the  bromo-additive  product,  the  hydrocarbon 
was  diluted  with  an  equal  volume  of  chloroform,  the  solution  cooled  to 
-  10°,  and  then  titrated  with  bromine  until  the  colour  ceased  to  be 
discharged,  when  it  was  observed  that  about  the  calculated  quantity 
for  the  formation  of  a  tetrabromide  had  been  absorbed.  By  passing 
a  rapid  current  of  dry  air  through  the  product,  the  chloroform  was 
removed,  but  at  the  same  time  some  hydrogen  bromide  was  eliminated 
and  the  analysis  of  the  residue  consequently  gave  numbers  which  were 
lower  than  the  theoretical. 

0-5306  gave  0-9566  AgBr.     Br  =  76-7. 

CjHjgBr^  requires  Br  =  79-3  per  cent. 

Allylisopropenylmethane  nitrosochloride,  CyHjgjNOCl. — This  ci-ystalline 
derivative  is  readily  obtained  by  treating  the  solution  of  the  hydro- 
carbon (3  ce.)  in  methyl  alcohol  (3  ce)  with  isoamyl  nitrite  (4  5  ce) 
and,  after  cooling  to  -  10°,  adding,  drop  by  drop,  concentrated  hydro- 
chloric  acid  (3  5  ce.)  and  then  acetic  acid  (0-5  ce),  when  crystals  of 
the  nitrosochloride  soon  begin  to  separate. 

After  remaining  in  the  freezing  mixture  for  an  hour,  the  whole  was 
poured  on  to  ice,  the  crystals  coUected  at  the  pump,  drained  on  porous 
porcelain,  and  recrystallised  from  dilute  methyl  alcohol,  when  colourless 
needles  were  obtained  which  melted  at  75 — 76°  and  consisted  of  the 
pure  nitrosochloride. 
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0-1892  gave  0-1659  AgCl.     Cl  =  2 1  -9. 

CyKj^NOCl  requires  Cl  =  21-9  per  cent. 

Allylisopropenylmethane  readily  absorbs  oxygen  from  the  air,  as  was 
proved  by  the  fact  that  a  few  drops  placed  in  a  burette  over  water 
had,  in  three  days,  absorbed  almost  1/5 th  of  the  volume  of  air. 


DimethylethylhutenylcarUnol,  CHo^CH'CHo'CHEt'ClNEeg'Oïï. 

The  ethyl  ethylallylacetate  required  for  the  synthesis  of  this  alcohol 
had  not  previously  been  described.  In  order  to  obtain  it,  we  prepared 
ethylallylmalonic  acid  in  quantity  from  ethyl  malonate  by  introducing 
first  ethyl  and  then  allyl  in  the  usual  way  (compare  Hjelt,  Ber.,  1896, 
29,  1856),  and  heated  the  acid  until  évolution  of  carbon  dioxide  had 
ceased.  The  ethylallylacetic  acid  obtained  by  distilling  the  residue 
(143  grams  from  250  grams  of  ethyl  ethylmalonate)  was  dissolved  in  a 
three  per  cent,  alcoholic  solution  of  sulphuric  acid  (480  ce.)  and  heated 
on  the  water-bath  for  fiv^e  hours.  Water  was  then  added,  the  ester 
extracted  with  ether,  the  ethereal  solution  washed  well  with  water  and 
sodium  carbonate,  evaporated,  and  the  residue  fractionated,  when  ethyl 
ethylallylacetate  was  obtained  as  a  colourless,  unpleasant-smelling  oil 
boiling  at  166—167°. 

0-1668  gave  0-4268  COo  and  0-1546  H.O.     C  =  69-0;  H  =  10-2. 
CgH„,p2  requires  C  =  69-2  ;  H  =  10-2  per  cent. 

The  ester  (31  grams)  was  added  to  a  solution  of  magnésium  methyl 
iodide  (containing  19  grams  of  magnésium)  and,  after  standing  over- 
night,  the  product  was  cautiously  decomposed  by  water  and  dilute 
sulphuric  acid,  the  ethereal  solution  separated,  washed  with  a  little 
sodium  hydrogen  sulphite,  and  evaporated.  The  residue  was  then 
twice  fractionated,  when  a  colourless  oil  was  obtained  which  distilled 
constantly  at  165°. 

0-1500  gave  0-4178  CO^  and  0-1702  H,0.     C  =  76-0;  H- 12-7. 
CgHjsO  requires  C  =  76-0  ;  H  =  12-7  per  cent. 

Dimethylethylbutenylcarhmol  has  a  very  pronounced  but  pleasant 
odour  of  peppermint,  which,  at  the  same  time,  distinctly  resembles 
that  of  terpineol.  Unlike  terpineol,  however,  it  does  not  appear  to  be 
converted  into  a  dihydric  alcohol  by  long  contact  with  dilute  acids,  as 
the  following  experiment  shows.  The  alcohol  (6  grams)  was  shaken 
with  5  per  cent,  sulphuric  acid  (800  ce.)  for  four  weeks,  after  which 
practically  the  whole  was  recovei-ed  unchanged  by  extraction  with 
ether  and  fractionation  under  reduced  pressure.  We  were  also  un- 
successful  in  our  attempts  to  prépare   a   phenylurethane   from   the 
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alcohol  by  the  action  of  phenylcarbimide/as  this  substance  acted  simply 
as  a  dehydrating  agent  and  diphenylcarbamide  was  the  only  crystalline 
substance  formed. 

Ethylallylimjiropenylmethane,  CHolCH'CHg'CHEt'CMeiCHg. 

In  preparing  tbis  hydrocarbon,  dimetbylethylbutenylcarbinol  (13 
grams)  was  digested  with  powdered  potassium  hydrogen  sulphate  (20 
grams)  for  two  hours  in  a  reflux  apparatus  beated  in  an  oil-bath. 
SufEcient  water  was  then  added  to  dissolve  the  sulphate,  the  oil 
extracted  with  ether,  the  ethereal  solution  dried  over  calcium  chloride, 
evaporated,  and  the  hydrocarbon  fractionated,  first  alone  and  then  twice 
over  sodium. 

0-1858  gave  0-5880  CO2  and  0-2184  H.O.    C  =  86-3;  H  =  13-0. 
0-1672  gave  0-5315  CO,  and  0-1966  Hp.    C  =  86-7;  H  =  13-0. 
C.,Hjg  requires  C  =  87-l;  H  =  12-9  per  cent. 

Ethylcdlyr\?,02iropenylmethane  boils  at  127°  (740  mm.)  and  bas  a  strong 
odour  of  peppermint  and  at  the  same  time  of  lemons,  the  odour  being 
entirely  différent  from  the  unpleasant  odour  of  allyh'sopropenyl- 
methane.  It  differs  also  from  the  latter  hydrocarbon  in  that  it  does 
not  appear  to  oxidise  in  the  air.  This  remarkable  différence  was 
évident  from  parallel  experiments  made  in  burettes  over  water  when 
no  absorption  could  be  observed  in  the  case  of  ethylallyh'sopropenyl- 
methane,  whereas  the  allyKsopropenylmethane  had,  in  three  days, 
absorbed  almost  the  whole  of  the  oxygen  from  the  volume  of  air 
taken.  Ethylallyh'sopropenylmethane  instantly  decolorises  bromine  in 
the  cold  and,  in  an  expeinment  with  three  grams  of  the  hydrocarbon 
carried  out  under  the  conditions  described  on  p.  658,  the  amount  of 
bromine  absorbed  was  almost  exactly  that  required  for  the  formation 
of  a  tetrabromide.  After  removing  the  chloroform  by  a  rapid  current 
of  dry  air,  the  residue  was  left  in  an  exhausted  desiccator  over  caustic 
potash  and  paraflin  wax  for  two  days  and  then  analysed. 

0-2949  gave  0-4762  AgBr.     Br  =  68-7 

CgHjgBr^  requires  Br  =  72-0  per  cent. 

The  reason  for  the  figures  being  lower  than  those  required  by  theory 
is  that  on  standing  in  the  desiccator  the  oil,  which  was  originally 
almost  colourless,  had  become  brown  and  some  hydrogen  bromide  was 
eliminated  at  the  same  time. 

The  Victoria  University  of  Manchester. 
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LXYI. — Experiments  on  the  Synthesis  of  the  Terpenes. 
Part  IV.  Sijnthesis  of  A^-NormenthenoI{8),  A'"'"'^- 
Normenthadiene,  Normenthanol{8),  Ù^^^'^-Normen- 
thene,  éc.^ 

By  KôiCHi  Matsubara  and  William  Heney  Perkin,  jun. 

By  far  the  greater  nuniber  of  the  terpenes  and  their  derivatives  which 
hâve  been  extracted  from  the  varions  essential  oils  hâve  been  found  to 
be  closely  related  to  cymene  or  jo-methyh'sopropylbenzene,  and  it  is 
remarkable  that  Nature  should  so  persistently  sélect  that  hydro- 
carbon  as  the  foundation  on  which  to  build  up  the  great  variety  of 
thèse  products  of  the  vegetable  kingdom. 

In  considering  this  point  it  seemed  to  us  that  it  would  be  interest- 
ing,  for  the  sake  of  comparison,  not  only  to  synthesise  terpenes  derived 
from  0-  and  «i-methyh'sopropylbenzenes,  but  also  to  investigate  the 
properties  of  similai'Iy  constituted  substances  containing  only  the 
îsopropyl  group  attached  to  the  reduced  benzène  ring.  The  latter  part 
of  this  investigation  is  now  complète  and,  in  the  présent  paper,  we 
give  an  account  of  a  séries  of  substances  closely  related  to  those 
described  in  Part  II  of  this  research,  but  differing  from  them  in  that 
they  do  not  contain  the  methyl  group.  The  starting  point  in  thèse 
experiments  was  hexahydrobenzoic  acid, 

CH.<CH<gH:>°H-CO,H, 

which  was  prepared  by  a  modification  of  Markownikoff's  method  (Ber., 
1892,  25,  3357),  namely,  fi-om  benzoic  acid  by  réduction  with  sodium  in 
isoamyl-alcoholic  solution. 

When  this  acid  is  treated  with  phosphorus  pentachloride  and  then 
with  bromine  and  the  product  poured  into  alcohol,  a  good  yield  of 
ethyl  a-bromohexahydrobenzoate, 

CH,<^![{2;^^2>CBr-CO,Et, 

*  In  naming  thèse  iiew  substances,  it  bas  been  thought  best,  for  the  sake  of 
continuity,  to  employ  the  same  System  of  nomenclature  as  in  the  other  papers  of 
this  séries,  and  the  preâx  "nor"  has  been  adopted  in  order  to  indicate  the  absence 
of  the  methyl  group. 

Furthermore,  in  order  to  avoid  complications  which  otherwise  might  easily  arise, 
the  same  scheme  of  numberiug  is  employed  as  before,  that  is  : 
Ci^) 

(compare  p.  639),  the  position  7  being  iiccessarily  omitted 
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is  obtained  and  this  bromo-ester  is  then  readily  decomposed  by  boiling 
with  diethylaniline  with  élimination  of  hydrogen  bromide  and  forma- 
tion of  ethyl  A^-tetrahydrobenzoate, 

This  ester  reacts  readily  with  an  ethereal  solution  of  magnésium  methyl 
iodide  and  is  converted  into  A^-normenthenol(8), 

CH2<^^2-^^^>C-CMe2-OH, 

a  substance  which  distils  at  96 — 97°  (25  mm.)  and  has  properties  very 
similar  to  those  of  A^-p-menthenol(8),  from  which  it  differs  only  in  the 
absence  of  the  ^j-methyl  group  (compare  this  vol.,  p.  647). 

When  A^-normenthenol(8)  is  mixed  with  an  ethereal  solution  of 
magnésium  methyl  iodide,  the  latter  acts  as  a  dehydrating  agent  and 
eonverts  the  alcohol  into  A^'^'^'-normenthadiene, 

a  hydrocarbon  which  distils  at  162°,  readily  absorbs  oxygen  from  the 
air,  and  possesses  in  a  marked  degree  the  odour  of  lemons  so  character- 
istic  of  dipentene  and  A^^'^'-jo-menthadiene.  This  latter  property 
seems  to  point  to  the  fact  that  the  odour  of  lemons,  while  somewhat 
modified  by,  is  not  dépendent  on,  the  présence  of  the  ;;-methyl  group. 
A^-^'^'-Normenthadiene  is  also  similar  to  A^'^*^'-/)-menthadiene  in  this 
respect,  that  it  is  only  capable  of  combining  with  two  atoms  of  bromine 
to  yield  a  dibromide  which,  doubtless,  has  the  constitution 

and  this  peculiarity  is  due  in  both  cases  to  the  présence  in  the 
hydrocarbon  s  of  the  grouping  -CIC'CiC-,  an  interesting  point  which 
has  been  discussed  in  a  previous  paper  (this  vol.,  p.  641). 

A  curions  resuit  was  obtained  in  attempting  to  prépare  A^^'^*-nor- 
menthadiene  by  the  action  of  powdered  potassium  hydrogen  sulphate 
on  A'-normenthenol(8)  under  the  usual  conditions  as,  although  some 
of  this  hydrocarbon  was  obtained  in  this  way,  the  principal  product 
was  a  hydrocarbon,  C^gHog,  which  distils  at  172°  (16  mm.),  and  is 
obviously  a  condensation  product  of  two  molécules  of  normenthadiene  ; 
for  this  reason,  we  hâve  named  it  dinormenthadiene  (p.  668). 

This  substance  is  probably  similar  in  structure  to  the  diterpenes, 
CooHgo,  which  hâve  been  isolated  from  copaiva  balsam  and  distil  at 
about  250°,  but  which,  so  far,  hâve  been  little  investigated. 

Proceeding  with  this  investigation  on  the  lines  followed  in  Part  II 
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of  this  séries,  we  next  prepared  ethyl  hexahydrobenzoate  and  sub- 
mitted  this  to  the  action  of  magnésium  methyl  iodide,  with  the  resuit 
that  we  obtained  normenthanol(8), 

CH,<ç^2;^^2>cH-CMe,-OH, 

as  a  colourless  syrup  which  distils  at  196°,  yields  a  phenylurethane 
melting  at  87°,  and  bas  an  odour  very  similar  to  that  of  menthol. 

When  this  alcohol  is  dige-sted  with  potassium  hydrogen  sulphate, 
it  behaves  normally  and  is  converted,  with  loss  of  water,  into 
A^'^'-normenthene, 

which  distils  at  158°,  has  a  rather  faint  odour  somewhat  resembling 
that  of  par.sley,  does  not  absorb  oxygen  from  the  air,  and  decolorises 
bromine  with  the  formation  of  a  dibromide,  It  will  thus  be  seen 
that  A^'^'-normenthene  has  properties  very  similar  to  those  of 
A^''-"-j9-menthene  (this  vol.,  p.  650). 

We  next  investigated  the  behaviour  of  normenthanol(8)  on  treat- 
ment  with  hydrobromic  acid  and  found  that  reaction  takes  place 
readily  with  the  formation  of  d>-hromonormenthane, 


CH2<^!i2;CH2>^CH-CBrMe2 


which  distils,  with  little  décomposition,  at  105°  (25  mm.)  and,  when 
reduced  with  zinc  dust  and  acetic  acid,  is  converted  into  normenthane 
or  zsopropylhexamethylene, 

an  oil  boiling  at  150 — 153°,  which  possesses  an  odour  very  similar  to 
that  of  light  petroleum. 

Lastly,  in  order  that  we  might  compare  their  properties  with  those 
of  the  reduced  benzène  derivatives  described  in  this  paper,  we  prepared 
phenyldimethylcai'binol,  C^H5'CMe.2*OH  (m.  p.  35°),  and  iéopropenyl- 
benzene,  CgH5*CMe!CH2  (b.  p.  164°),  by  a  new  process,  namely, 
from  ethyl  benzoate  by  treatment  with  magnésium  methyl  iodide  and 
subséquent  élimination  of  water  in  the  usual  manner.  Thèse  sub- 
stances had  already  been  obtained  in  another  way,  and  a  description 
of  their  properties  will  be  found  on  pp.  671  and  672. 

Hexahydrohenzoic  acid,  CgHj^'COaH,  and  its  Ethyl  Ester,  CgH^i'CGgEt. 

Hexahydrobenzoic  acid  was  first  prepared  by  Aschan  {Ber.,  1891, 
24,  1864  and  2617)  from  /S-bromohexahydrobenzoic  acid  by  réduction 
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with  zinc  dust  and  acetic  acid  ;  it  was  subsequently  obtained  syntheti- 
cally,  in  small  quantities,  by  the  action  of  pentamethylene  dibromide, 
Br(CH2)5Br,  on  the  sodium  derivative  of  ethyl  malonate  (Haworth 
and  Perkin,  Trans.,  1894,  65,  103),  and  Markownikoff  {Ber.,  1892, 
25,  3357)  showed  that  it  may  be  prepared  by  pouring  a  solution  of 
benzoic  acid  in  capryl  alcohol  (or  tsoamyl  alcohol)  on  to  melted 
sodium.  As  thèse  processes  were  ail  inconvénient  for  the  préparation 
of  the  considérable  quantities  of  tins  acid  which  .we  required  for  tljis 
research,  we  worked  ont  the  following  method  of  préparation,  which  is 
similar  to  that  employed  in  the  réduction  of  j^-toluic  acid  (this  vol., 
p.  643),  and  which  allows  of  large  quantities  of  the  pure  acid  being 
prepared  with  much  less  labour  than  hitherto.  Benzoic  acid 
(20  grams)  is  dissolved  in  one  litre  of  isoamyl  alcohol  and,  after 
heating  to  boiling  in  a  large  flask  connected  with  a  wide  reflux 
condenser,  sodium  (100  grams)  is  added  in  two  portions.  As  soon  as 
the  sodium  has  dissolved,  the  mass  is  shaken  Avith  water  (2  vols.),  the 
aqueous  solution  separated,  and  the  î'soamyl  alcohol  distilled  until  the 
température  rises  to  130°,  when  it  is  ready  for  a  subséquent  i-eduction. 
The  aqueous  extracts  from  several  such  opérations  were  evaporated  on 
the  water-bath  until  the  odour  of  woamyl  alcohol  had  disappeared, 
acidified  with  dilute  sulphuric  acid,  and  extracted  with  ether  ;  the 
ethereal  solution  was  then  washed  with  water,  dried  over  calcium 
chloride,  evaporated,  and  the  residue  distilled. 

The  distillate,  which  consists  of  hexahydrobenzoic  acid  mixed  with 
varying  quantities  of  tetrahydrobenzoic  acid  and  îsovaleric  acid, 
is  dissolved  in  dilute  sodium  carbonate,  mixed  with  povvdered  ice,  and 
then  a  cold  saturated  solution  of  permanganate  run  in  until  the  colour 
just  remains  permanent,  the  liquid  being  well  stirred  with  a  turbine, 
and  a  stream  of  carbon  dioxide  being  passed  during  the  whole  opéra- 
tion. After  removing  any  excess  of  pei'manganate  by  sodium  sulphite, 
the  product  is  heated  to  boiling  and  the  filtrate  and  washings  of  the 
manganèse  precipitate  evaporated  nearly  to  dryness,  acidified,  and 
distilled  in  steam.  The  distillate  is  saturated  with  sait,  extracted 
twice  with  ether,  the  ethereal  solution  washed  with  water,  dried  over 
calcium  chloride,  evaporated,  and  carefully  fractionated  in  order  to 
remove  the  considérable  quantities  of  rso valeric  acid  which  are  always 
présent.  In  this  way,  pure  hexahydrobenzoic  acid  is  obtained  as  a 
colourless  oil  distilling  at  229 — 232°,  and  which  solidifies,  on  cooling, 
to  a  crystalline  mass  which  melts  at  28°. 

Ethyl  Hexahydrohenzoate. — In  preparing  this  ester,  the  pure  acid 
(60  grams)  was  mixed  with  a  cold  solution  of  sulphuric  acid  (24  ce.) 
in  absolute  alcohol  (240  ce.)  and,  after  standing  overnight,  the 
mixture  was  heated  for  one  hour  on  the  water-bath.  Water  was  then 
added,  the  ester  extracted   with  ether,  the  ethereal  solution  washed 
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with     water     and     sodium     carbonate,    dried    over   calcium    chloride, 
evaporated,  and  the  residue  distilled. 

0-115  gave  0-2918  COo  and  0-1057  H2O.     C  =  69-l;  H  =  10-2. 
CgHigO^,  requires  C  =  69-2  ;  H  =  10-2  per  cent. 

Ethyl  hexahjdrobenzoate  is  a  colourless  oil  which  distils  at  193 — 195° 
and  has  an  odeur  resembling  that  of  the  esters  of  the  higher  fatty 
acids.  Aschan  {Annalen,  1892,  271,  264),  who  first  prepared  Ihis 
ester,  gives  the  boiling  point  as  194-5 — 195-5°. 

Ethyl  Tetrahydrohenzoate,  CgU./COoEt. 

After  several  experiments,  the  following  process  was  adopted  for 
the  préparation  of  this  ester.  Hexahydrobenzoic  acid  (20  grams)  is 
mixed  with  phosphorus  pentachloride  (35  grams)  in  a  flask  fitted  with 
a  ground-in  condenser  and,  after  the  reaction  has  subsided,  the 
décomposition  is  completed  by  heating  on  the  water-bath  for  fifteen 
minutes.  The  solution  of  the  acid  chloride  in  phosphorus  oxychloride 
is  cooled,  mixed  with  bromine  (10  ce),  and  theu  heated  on  the  water- 
bath  until  nearly  ail  the  bromine  has  disappeared,  an  opération  which 
requires  12 — 15  hours.  The  product  is  then  cooled  and  poured,  in  a 
thin  stream,  into  absolute  akohol  (300  ce),  the  violent  reaction  being 
controlled  by  running  water.  After  standing  overnight,  water  is 
added,  the  brown  oily  layer  extracted  with  ether,  the  ethereal 
solution  washed  with  sodium  sulphite  to  remove  excess  of  bromine, 
then  with  sodium  carbonate,  dried  over  calcium  chloride,  evaporated, 
and  the  residue  fractionated  under  reduced  pressure. 

The  greater  portion  distilled  at  125 — 127°  (25  mm.),  but  the 
numbers  obtained  on  analysis  were  ahvays  too  low,  owing,  apparently, 
to  some  hydrogen  bromide  being  eliminated  during  distillation. 

0-2655  gave  0-1999  AgBr.     Br  =  32-1. 

C,jHj502Br  requires  Br  =  34-0  per  cent. 

Etliyl  a-hromohexaJiydrobenzoate  is  a  heavy  oil  which  possesses  in  a 
marked  degree  the  penetrating,  unpleasant  smell  characit  ristic  of  the 
esters  of  the  a-bromo-fatty  acids. 

The  conversion  of  this  bromo-ester  into  ethyl  A^-tttrahydrobenzoate 
was  carried  out  as  follows.  The  bromo-ester  (15  grams)  was  mixed 
with  diethylaniline  (25  grams)  and,  after  heating  in  an  oil-bath  at  180° 
for  one  hour,  the  product  was  poured  into  dilate  sulphuric  acid  and 
extracted  with  ether.  The  ethereal  solution  was  well  washed  with  dilute 
sulphuxùc  acid,  then  with  dilute  sodium  carbonate,  dried  over  calcium 
chloride  and  evaporated,  and  the  residue  purified  by  fractionation 
under    reduced    pressure.       By    far    the    larger    portion     distilled    at 
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143—145°  (100  mm.)  and  a  spécimen  boiling  constantly  at   143°  was 
collected  separately  for  analysis. 

0-2443  gave  0-6257  CO.^  and  0-2038  H..0.     C  =  69-8  ,;  H  -  9-3. 
0-2857     „     0-7285  COo  and  0-2327  HgO.     C  =  69-6  ;  H  =  91. 
C.,H^^02  requires  C  =  70-l  ;  H  =  91  pei-  cent. 

Ethyl  A^-tetrahydrobenzoate  is  a  colourless  oil  possessing  a  pungent 
odour  somewliat  resembling  tbat  of  byacinths. 

A^-Kormenthe7iol{S),  C^Hg-CMeo-OH, 

Tbis  substance  is  readily  obtained  wben  etbyl  A^-tetrabydrobenzoatc 
(10  grains)  is  added  to  an  etbereal  solution  of  magnésium  metbyl 
iodide  (containing  5  grams  of  magnésium),  care  being  taken  to  avoid 
ail  rise  of  température.  After  standing  overnigbt,  the  product  was 
decomjîosed  by  waler  and  dilute  sulpburic  acid,  the  etbereal  solution 
separated,  washed  Avitb  dilute  sulpburic  acid  and  with  water,  dried  over 
calcium  chloride,  and  evaporated.  On  distilling  the  residue  under 
25  mm.  pressure,  almost  tbe  whole  quanti ty  passed  over  at  95 — 100"^, 
and  after  a  second  fractionation  tbe  boiling  point  was  constant  at 
96— 97«. 

01153  gave  0-3268  CO.,  and  01173  Rfi.     0  =  773  ;  H- 11-3. 
OglI^gO  requires  0  =  77-1  ;  H=  11-4  per  cent. 

\^-Kormenthenol{8)  bas  an  odour  like  tbat  of  cymene  and 
peppermint.  Wben  cooled  in  liquid  air,  it  solidified  to  a  glass  fiUed 
with  cracks  but,  on  removing  from  tbe  liquid  air.  it  became  syrupy  again 
atabout  -40°.  Distilled  under  tbe  ordinary  pressure,  it  décomposes  in 
a  curions  manner  ;  at  first  a  good  deal  of  water  is  given  olï,  then,  if  the 
opération  is  rapidly  conducted,  about  balf  distils  at  195 — 197°,  tbe 
distillate  having  an  unpleasant  acrid  odour  like  tbat  of  burning  fat. 
A  considérable  amount  of  a  less  volatile  residue  remains  in  the  ilask 
and  appears  to  consist  of  dinormenthadiene  (compare  p.  668). 

^^■m.^YormenthcuUene,  O^.H./OMelOHg. 

Tbis  bydrocarbon  is  formed  wben  A^-normenthenol(8)  is  digested 
with  potassium  bydrogen  sulpbate  but,  owing  to  tbe  formation  of  di- 
normenthadiene and  other  condensation  products,  tbe  yield  obtained  is 
sometimes  very  small.  The  best  niethod  of  preparing  it  is  to  treat 
ethyl  A^-tetrahydrobenzoate  Avith  a  large  excess  of  magnésium  metbyl 
iodide,  wben  tlie  excess  of  the  latter  acts  as  a  dehydrating  agent  on 
tbe  A'^-normentbenol(8)  wbich  is  first  formed. 

Ethyl  A^-tetrahydrobenzoate  (1  mol.)  was  added  to  an  etbereal 
solution   of   magnésium    methyl   iodide    (4    mois.)   and   the   reaction 
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allowed  to  proceed  without  cooling.  After  24  hours,  the  product  was 
treated  with  water  and  dilute  sulphuiic  acid,  the  ethereal  solution 
separated,  dried  over  calcium  chloride,  evaporated,  and  the  residue 
fractionated  under  the  ordinary  pressure.  Almost  the  whole  quantity 
distilled  at  160 — 170°,  and  after  this  had  been  again  carefully 
fractionated,  the  oil  which  passed  over  at  159 — 162^  was  three  times 
distilled  over  sodium. 

01602  gave  0-5198  COo  and  Oa632  HoO.     C  =  88-5;  H  =  11-3. 
C,,Hj^  requires  C  =  88'5  ;  H  =  1 1*5  per  cent. 

^^^w.Xormenthadiene  distils  at  161 — 162"  (760  mm.)  and  has  a 
strong  odour  of  lemons  and  oil  of  turpentine  which  resembles,  and  yet 
differs  from,  that  of  dipentene.  It  oxidises  rapidly  in  the  air,  as  was 
shown  by  the  fact  that  a  small  quantity  confined  in  a  burette  over 
water  had,  in  four  days,  absorbed  nearly  one-fifth  of  the  volume  of 
air  taken.  When  cooled  in  liquid  air,  it  solidifies  to  a  glass  which 
liquéfies  again  at  a  very  low  température.  The  behaviour  of  this 
hydrocarbon  towards  bromine  was  very  carefully  investigated,  and  it 
was  found  that  although  it  contains  two  double  linkings,it  is,  neverthe- 
less,  only  capable  of  absorbing  two  atoms  of  bromine,  its  behaviour  in 
this  i^espect  being  exactly  similar  to  that  of  A^-*'^'-/)-menthadiene 
(p.  648).  The  hydrocarbon  (2-04  grams)  was  dissolved  in  three 
times  its  volume  of  chloroform,  cooled  to  -  10°,  and  then  a  standard 
solution  of  bromine  in  chloroform  was  added,  any  rise  of  tempéra- 
ture being  carefully  avoided.  The  colour  disappeared  at  first 
instantly,  but  when  2*2  grams  of  bromine  had  been  added,  traces  of 
hydrogen  bromide  were  observed,  and  after  2*4  grams  had  been  run  in, 
the  colour  was  discharged  only  very  slowly  and  then  with  copions 
évolution  of  hydrogen  bromide.  For  the  formation  of  a  dibromide, 
the  amount  of  hydrocarbon  taken  should  bave  decolorised  2  67  grams 
of  bromine,  so  that  it  is  obvious  that  normenthadiene  is  only  capable 
of  yielding  a  dibromide  by  the  direct  addition  of  bromine.  The 
product  obtained  in  the  above  experiment  after  2'45  grams  of  bromine 
had  been  added  was  freed  from  chloroform  by  passing  a  rapid  current 
of  dry  air,  and  the  residue  allowed  to  remain  for  two  days  over  caustic 
potash  and  paraffin  wax  in  an  exhausted  desiccator.  The  analysis  then 
gave  numbers  agreeing  approximately  with  those  required  for  the 
dibromo-additive  product  of  the  hydrocarbon. 

0-2894  gave  0-3908  AgBr.     Br  =  57-5 

CjHj^Br^  requires  Br  =  56"7  per  cent. 

The  constitution  of  this  dibromide  is  discussed  on  p.  662. 
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Dinormenthadiene,  Cj^gHjg. 

In  our  first  attempts  to  prépare  A^  ^'^'-normenthadiene,  a  quantity  of 
A^-normenthenol(8)  was  digested  with  potassium  hydrogen  sulphate  in 
the  usual  way.  On  submitting  the  product  to  distillation  in  steam, 
we  were  surprised  to  find  that  only  a  very  small  quantity  of  oil  passed 
over  readily,  the  remainder  being  volatile  only  with  great  difficulty. 
From  the  steam  distillate,  a  small  quantity  of  A^-*"''-normenthadiene 
only  was  obtained,  a  good  deal  of  a  less  volatile  oil  being  présent. 
This  latter  was  mixed  with  the  ethereal  extract  of  the  steam  distilla- 
ation  flask  and  submitted  to  careful  fractionation.  In  this  way,  a 
considérable  quantity  of  a  pale  yellow  oil  was  obtained  which  distilled 
constantly  at  170 — 172°  (16  mm.),  but  a  large  amount  of  a  less 
volatile  residue  was  lef  t.  The  analysis  of  the  oil  distilling  at  1 70 — 172° 
(16  mm.)  gave  the  following  results  : 

0-2080  gave  0-6754  CO2  and  0-2102  H^O.     C  =  88-5;  H  =  11-3. 
0-2498     „     0-8060  CO2    „     0-2517  HgO.     C  =  880  ;  H=  11-2. 
CjgHgg  requires  C  =  88-5  ;  H  =  11-5  per  cent. 

A  détermination  of  the  molecular  weight  of  this  substance  by  the 
cryoscopic  method,  using  benzène  as  the  sol  vent,  gave  246  and  227, 
whereas  the  molecular  weight  of  C^gHog  is  244.  There  can  therefore 
be  no  doubt  that  this  substance  is  dinormenthadiene,  produced  by  the 
condensation  of  tvvo  molécules  of  A^-^'^'-normenthadiene.  When  the 
solution  of  this  substance  in  dry  ether  is  saturated  with  hydrogen 
chloride,  it  becomes  first  yellow,  then  brown,  and  lastly  an  intense 
violet,  but  no  crystals  of  a  hydrochloride  separate. 


]^or?nenthanol{8),  CgHi^-CMeg-OH. 

This  tertiary  alcohol  is  readily  obtained  by  the  action  of  magnésium 
methyl  iodide  on  ethyl  hexahydrobenzoate  (p.  665). 

Magnésium  (6-7  grams)  suspended  in  ether  was  converted  into 
magnésium  methyl  iodide  in  the  usual  way  and  then  ethyl  hexahydro- 
benzoate (21-7  grams)  added,  ail  rise  of  température  being  carefully 
avoided.  After  remaining  overnight  in  running  water,  the  product 
was  decomposed  with  water  and  diliite  hydrochloric  acid  in  the  usual 
manner  ;  the  ethereal  solution  was  then  separated  and  evaporated.  In 
order  to  décompose  unchanged  ethyl  hexahydrobenzoate  which  was 
found  to  be  présent,  the  oil  was  digested  for  half  an  hour  with  7  grams 
of  caustic  potash  (dissolved  in  methyl  alcohol),  water  was  then  added, 
and  the  oil  again  extracted.  The  ethereal  solution  after  being  well 
washed    with   water  and    dried  over  calcium  chloride,   deposited,    on 
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evaporation,    an    oil   which,  after   two   fractionations  undei'  25    mm. 
pressure,  distilled  constantly  at  100 — 102^. 

0-2002  gave  0-5575  COg  and  0-2265  H2O.     C  =  75-9;  H  =  12-6. 
CyHigO  requires  C  =  76-0  ;  H=  12-7  per  cent. 


Xorriienthanol{S)  is  a  viscid,  colourless  liquid,  which  has  a 
pungent  odour  similar  to  that  of  menthol  ;  when  cooled  in  liquid  air, 
it  solidifies  to  a  glassy  mass  filled  with  cracks,  and  becomes  syrupy 
again  at  about  -  30°.  If  small  quantities  are  rapidly  distilled  under 
ordinary  conditions,  a  little  water  seems  to  pass  over  at  first,  but  then 
almost  the  whole  quantity  distils  at  195 — 196°  (743  mm.)  apparently 
almost  without  décomposition. 

The  phenylurethane,  CgH^^'CMeo'O'CO'NH'CgHg,  was  prepared  by 
mixing  the  alcohol  (4-1  grams)  with  phenylcarbimide  (3'5grams); 
the  mixture  was  left  at  the  ordinary  température  for  two  days,  heated 
at  60°  for  one  hour,  and  then  at  90°  for  another  hour.  The  almost 
solid  mass  was  spread  on  porous  porcelain  until  dry,  and  purified  by 
repeated  recrystallisation  from  dilute  methyl  alcohol. 

0-2500  gave  118  ce.  of  nitrogen  at  15°  and  761  mm.     N  =  5-6. 
^16-^23^2^  requires  N  =  5-4  per  cent. 

Normenthanolphenylurethane  is  readily  soluble  in  methyl  alcohol  and 
crystallises  from  the  diluted  solvent  in  slender  needles  which  melt 
at  86—87°. 

Normenthanol(8)  exhibits  greater  stability  towards  dehydrating 
agents  than  most  of  the  analogously  constituted  tertiary  alcohols,  and 
in  order  to  couvert  it  into  the  hydrocarbon,  prolonged  boiling  with 
potassium  hydi'ogen  sulphate  was  found  to  be  necessary. 

The  crude  alcohol,  prepared  from  ethyl  hexahydrobenzoate  (30  grams) 
in  the  manner  described  in  the  last  section,  was  digested  with 
powdered  potassium  hydrogen  sulphate  (45  grams)  for  one  and  a  half 
hours.  Sufiicient  water  was  then  added  to  dissolve  the  sulphate,  and  the 
oil  extracted  with  ether  and  fractionated,  when  about  half  distilled 
below  170°.  The  remainder,  which  consisted  mainly  of  unchanged 
alcohol,  was  again  digested  with  potassium  hydrogen  sulphate,  and  the 
oil  from  both  opérations  which  distilled  below  170°  was  several  times 
fractionated,  at  first  alone  and  then  three  times  over  sodium. 

0-1985  gavo  0-6320  CO2  and  0-2283  H2O.     C  =  86-8;  H  =  12-8. 
CgHjg  requires  C  =  87-1 3  H  =  12-9  per  cent. 

A^^'^^-JVormenthe^ie  boils  at  157 — 158°  and  has  a  faint  odour  some- 
what  resembling  that  of  parsley  ;  it  does  not  absorb  oxygen  from  the 
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air,  and  is  apparently  not  reduced  when  its  solution  in  alcohol  is 
treated  with  sodium. 

It  decolorises  bromine  readily  with  the  formation  of  a  dibromide,  as 
the  following  experiment  shows.  The  pure  hydrocai-bon  (1"35  gi-ams) 
was  dissolved  in  twice  its  volume  of  chloroform,  and,  after  cooling  to 
-  10°,  a  standard  solution  of  bromine  in  chloroform  was  run  in. 

The  colour  disappeared  instantly  until  1*7  grams  of  bromine  had 
been  added,  whereas,  for  the  formation  of  a  dibromide,  1-74  grams 
should  hâve  been  absorbed.  No  évolution  of  hydrogen  bromide  was 
observed  during  this  experiment,  biit  after  removing  the  chloroform  by 
a  current  of  dry  air  and  leaving  the  residue  in  an  exhausted  desiccator 
over  caustic  potash  and  paraffin  wax  for  two  days,  the  oil  had  darkened 
in  colour  and  some  décomposition  had  taken  place,  as  the  following 
analysis  shows  : 

0-2813  gave  0-3505  AgBr.     Br  =  53-0. 

CçiH^gBrg  requires  Br  =  56-3  per  cent. 

S-Bromojiormenthane,  CgHj^'CBrMeo,  and  N'ormenthane,  CgHj^'CHMeo. 

When  normenthanol(8)  is  shaken  in  a  stoppered  bottle  with  five 
times  its  volume  of  fuming  hydrobromic  acid  (satui-ated  at  0°),  it 
dissolves,  and,  in  a  few  seconds,  8-bromonormenthane  séparâtes  as  an 
oil  on  the  sui-face  of  the  hydrobromic  acid.  After  thoroughly  shaking 
for  half  an  hour,  the  stopper  was  tied  down  and  the  whole  heated  at 
50°  for  fifteen  minutes,  water  was  then  added,  and  the  heavy  oil 
extracted  with  carefully  purified  ether.  The  ethereal  solution  was 
washed  three  times  with  water,  dried  over  calcium  chloride,  the  bulk 
of  the  ether  distilled  off  at  as  low  a  température  as  possible,  and  the 
oily  residue  left  over  sulphuric  acid  in  an  exhausted  desiccator  for 
24  hours. 

0-4632  gave  0-4204  AgBr.     Br  =  38-9. 

C^-^-jEy  requii-es  Br=39-0  per  cent. 

When  8-bromonormenthane  is  distilled  under  25  mm.  pressure, 
almost  the  whole  quantity  passes  over  at  105°  as  a  colourless  oil, 
which  possesses  an  unpleasant  odour  very  similar  to  that  of  the  higher 
bromides  of  the  fatty  séries.  An  analysis  of  the  distilled  oil  seems  to 
indicate  that  during  distillation  slight  décomposition  takes  place  with 
élimination  of  traces  of  hydrogen  bromide. 

0-5904  gave  0-5298  AgBr.     Br  =  38-2. 

8-Bromomentbane  décomposes  with  formation  of  clouds  of  hydrogen 
bromide  if  an  attempt  is  made  to  distil  it  under  ordinary  conditions. 
In  our  experiments  on  the  prepai^ation  of  normenthane,  8-bromo- 
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normentliaue  was  reducerl,  tivst  with  zinc  dust  and  acetic  acid  and 
then  with  sodium  and  alcohol,  and  the  hydrocarbon  was  freed  from 
unsaturated  impurity  by  oxidation  with  cold  permanganate,  the  whole 
process  being  similar  to  that  eraployed  in  the  réduction  of  S-bromo-^;- 
menthane  to  7>menthane  (p.  651).  The  hydrocarbon  was  then  purified 
by  thi'ee  distillations  over  sodium. 

0-1501  gave  04695  CO.^  and  0-1919  H.2O.     C  =  85-3  ;  H  =  U-2. 
C,)Hj^  requires  C  =  85-7  ;  H  =  14-3  per  cent. 

Xormenthane  (isopropylhexamethylene)  distils  at  150 — 153° 
(755  mm.)  and  is  a  colourless,  very  volatile  oil  which  possesses  an 
odour  closely  vesembling  that  of  an  aliphatic  hydrocarbon.  There  does 
not  appear  to  be  any  definite  évidence  that  this  interesting  hydro- 
carbon had  been  previously  obtained.  Bamberger  and  Langfeld  (Ber., 
1890,23,  1158)  heated  tetx-ahydroquinoline  with  hydriodic  acid  and 
phosphorus  at  330^  and  obtained,  in  a  yield  of  less  than  0-25  per  cent., 
a  hydrocarbon  which  distilled  at  146 — 148°  (720  mm.),  and  which 
they  considered  might  possibly  be  tsopropylhexamethylene.  A  hydro- 
cai-bon,  C,,Hj^,  has  aL-o  been  isolated  from  resin  oil  by  Renard  {An7i. 
Chîin.  Phys.,  1884,  [vi],  1,  229),  which  distils  at  147—150°  and  may 
possibly  be  isopropylhexamethylene,  but  there  does  not  seem  to  be 
sufficient  évidence  to  justify  its  appearing  under  this  name  in  Eichter's 
Lexikon  (vol.  I,  p.  643). 

Phenyldimethylcarbinol,  CgH^'ClVIeg'OH, 

This  tertiary  alcohol  is  readily  obtained  pure  by  the  action  of 
magnésium  methyl  iodide  on  ethyl  benzoate.  Ethyl  benzoate  (30  grams 
is  added  to  an  ethereal  solution  of  magnésium  methyl  iodide  (contain- 
ing  9  grams  of  magnésium),  and,  after  standing  overnight,  the  product 
decomposed  by  dilute  hydrochloric  acid  in  the  usual  way. 

The  ethereal  solution  was  evaporated  and  the  residue  digested  with 
methyl-alcoholic  potash  (5  grams  KOH)  for  15  minutes  ;  water  was  then 
added  and  the  oil  agaiu  extracted  with  ether.  Almost  the  whole 
quantity  distilled  at  114 — 115'  (14  mm.),  and  when  this  was  cooled 
in  liquid  air  it  soliditied  to  a  glassy  mass  fllled  with  cracks. 

As  soon  as  the  test-tube  was  removed  from  the  liquid  air,  the  glassy 
mass  began  to  li({uefy,  but  on  rubbing  the  semi-solid  substance  with  a 
glass  rod  it  suddenly  àolidified  to  a  hard  mass  of  ci'ystals, 

The  crystals  were  left  in  contact  with  porous  porcelain  until  quito 
dry,  and  were  then  seen  to  consist  of  colourless  needles. 

0-2317  gave  0-6745  CO^  and  0-1827  H,0.     C  =  79-4  ;  H  =  8-8. 
CgHi.p  requires  C  =  79-4  ;  H  =  8-8  per  cent. 

Phenyldhnethylcarblnol  melts   at  about  35 — 37°,  but   owing  to  its 
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extrême  solubility  in  the  usiial  organic  solvents   no  attempt  was  made 
to  recrystallise  it. 

Phenyldimethylcarbinol  had  previously  been  prepared  by  Grignard 
{Central  Blatt.,  1901,  ii,  72,  623)  fi-om  acetophenone  by  the  action  of 
magnésium  methyl  iodide,  and  this  chemist  stated  that  it  melts  at  23° 
and  distils  at  91°  (8  mm.).  Klages  {Ber.,  1902,  35,  2636)  shows  that, 
when  prepared  in  this  way,  the  alcohoValways  contains  some  unchanged 
acetophenone,  and  this  probably  accounts  for  the  fact  that  Grignard 
found  a  lower  melting  point  than  we  did. 

isoPropenylhenzene,  C^Hg-CMe! CHg. 

lu  preparing  this  hydrocarbon,  crude  phenyldimethylcarbinol  was 
digested  with  potassium  hydrogen  sulphate  for  half  an  hour. 

Water  was  added  to  dissolve  the  sulphate,  and  the  oil,  after 
extraction  with  ether,  repeatedly  fractionated,  when  almost  the  whole 
quantity  distilled  at  165°  (764  mm.).  This  was  twice  distilled  over 
sodium  and  analysed. 

0-1795  gave  0-6031  CO,  and  0-1357  H2O.     0  =  916  ;  H  =  8-4. 
OgH^o  requires  0  =  915;  H  =  8-5  per  cent. 

When  cooled  in  liquid  air,  isopropenylbenzene  crystallises  in  leaflets, 
and  after  removing  from  the  liquid  air  a  thermometer  placed  in  the 
melting  mass  remained  at   -  22°  for  a  considérable  time. 

Klages  {loc.  cit.,  p.  2640)  had  previously  prepared  zsopropenyl- 
benzène  (methylvinylbenzene)  from  phenyldimethylcarbinol  by  the 
action  of  an  excess  of  magnésium  methyl  iodide,  and  also  Tiffeneau 
(Compt.  rend.,  1902,  135,  845)  by  distilling  the  same  alcohol  with 
anhydrous  oxalic  acid. 

Action  of  Bromine. — isoPropenylbenzene  (3-34  grams)  was  dissolved 
in  twice  its  volume  of  chloroform,  cooled  to  —  10°,  and  titrated  with  a 
standard  solution  of  bromine  in  chloroform,  when  45  grams  of  bromine 
were  decolorised,  or  almost  exactly  the  quantity  (4  5  3  grams)  required 
for  the  formation  of  the  dibromide.  Attempts  to  purify  the  product 
by  fractionation  were  unsuccessful,  as  although  almost  the  whole 
quantity  distilled  at  147 — 150°  (20  mm.),  some  hydrogen  bromide  was 
eliminated  during  the  opération. 

The  Schumck  Laboratory, 
The  Victoria  University  of  Manchester. 
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LXVII. — Some  Derivatives  of  Anhydraœtonehenzil. 

By  Francis  Robert  Japp,  F.R.S.,  and  Joseph  Knox,  B.Sc,  Carnegie 
Scholar  in  the  University  of  Aberdeen. 

The  condensations  of  benzil  with  saturated  aliphatic  ketones  to  form 
anhydracetonebenzil  and  its  homologues  bave  been  studied  in  considér- 
able détail  by  one  of  us  in  conjunction  with  varions  collaborators.  It 
appeared  of  interest  to  ascertain  what  course  the  reaction  would  take 
in  the  case  of  an  unsaturated  ketone  and  to  compare  the  product  with 
that  obtained  from  the  corresponding  saturated  ketone.  We  selected 
for  this  purpose,  as  an  unsaturated  ketone,  methyl  fsobatenyl  ketone, 
CH3*CO*CÏÏIC(CH3)2,  and,  as  a  saturated  ketone,  methyl  wobutyl 
ketone. 

Methyl  isobutenyl  ketone  condenses  with  benzil  under  the  influence 
of  potassium  hydroxide  to  form  p-\?,02)ropylidenean]iijdracetonehenzil, 
C6H,.C=CHx 

I  >C0  (m.    p.   205-5°),   the    reaction    thus   taking 
CgHs  •C(OH)  •C^C(CH3). 

place  exactly  as  in  the  case  of  the  saturated  ketones  already  studied, 
except  that  the  présence  of  the  bivalent  îsopropylidene  group  prevents 
the  simultaneous  formation  of  an  isomeric  a-compound.  This  con- 
densation compound  yields  an  aceiyl  derivative  (m.  p.  139 — 140°  and 
154 — 155°,  dimorphous),  the  formation  of  wbich  is  rendered  possible 
by  the  circumstance  that  the  condensation  compound  has  no  hydrogen 
in  the  /3-position,  as  otherwise  derivatives  of  anhydracetonebenzil 
merely  undergo  dehydration  under  the  influence  of  acetic  anhydride. 
When  reduced  by  brief  boiling  with  hydriodic  acid,  /3-isopropylidene- 
anhydracetonebenzil  yields  diphenyl\s,opropylidenecyc\oj)entenone, 
C-CHjv 

II  yCO  (m.  p.  171°),  the  usual  change  in  the  position 
CeH,-C— C^CXCHg)^ 

of  the  double  bonds,  so  as  to  form  a  stilbene  group,  occurring  during 
the  process  (compare  Japp  and  Murray,  Trans.,  1897,  71,  145;  Japp 
and  Meldrum,  1901,  79,  1026). 

Methyl  isobutyl  ketone  and  benzil,  when  condensed  by  means  of 
potassium  hydroxide,  yield  a  mixture  of  a-isopropylanhydracetonebenzil, 

C.H^.C C^CH(CH3)2 

I  yCO  (m.   p.    142°),    and    ft-isoprojjyhnihydr- 

C6ÏÏ,-C(0H)  -CH/ 

C6H5-C=:CHv 
acetonehenzil,  \  >C0  (m.    p.     161-5°).      The 

C6H5-C(OH)-C  H^CH(CH3)o 
former  compound  condenses  with  benzaldehyde,  under   the   influence 
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of  potassium  hydroxide,  to  yield  henzylidene-a-hopropylanhydracelone- 

C^HvC C^CH(CH3)., 

benzil,         ^   I  >C0  "  (m.  p.  179°). 

0,H-;C(OH)  •  C^CH-CgH, 

We  had  originally  contemplated  carrying  out  the  complète  réduction 
of  ^-/sopropylideneanhydracetonebenzil,  and  of  one  of  the  ?sopropyl- 
anhydracetonebenzils,  with  hydriodic  acid  and  red  phosphorus,  so  as 
to  obtain,  if  possible,  from  both  compounds  the  same  hydrocarbon — 
diphenylisopropyloyc^opentane— and  thus  to  prove  more  conclusively 
the  relation  existmg  between  them  ;  but  the  séparation  of  the  two 
isopropylanhydracetonebenzils  was  so  difficult  that  we  were  compelled 
to  relinquish  our  intention.  Moreover,  a  preliminary  experiment 
showed  that  the  réduction  of  ;8-/sopropylideneacetonebenzil  beyond  the 
c^c^opentenone  stage  did  not  yield  a  very  satisfactory  product. 

At  the  end  of  the  présent  paper  we  describe  improved  methods  for 
the  préparation  of  anhydracetonebenzil  and  ^-methylanhydracetone- 
benzil. 

Expérimental. 

I.  Condensation  of  Benzil  with  Methyl  isoButenyl  Ketone. 

B-isoPropylidenean/iydracetonebenzil,  \  /OO  . — 

C6H.;C(0H)-C4.C(CH3)2 
Twenty  grams  of  benzil,  15  grams  of  methyl  iîobutenyl  ketone 
("  mesityl  oxide  "),  and  15  ce.  of  an  aqueous  solution  of  potassium 
hydroxide  of  33-3  per  cent,  strength  were  introduced  into  a  conical 
flask  titted  with  a  condensing  tube,  and  the  whole  was  heated  for 
4  hours  on  a  thin  métal  plate  over  a  water-bath,*  the  flask  being 
shaken  from  time  to  time.  The  product,  which  was  very  dark-coloured, 
was  poured  into  warm  water,  when  a  black,  oily  substance  separated  ; 
tbis  was  washed  with  water  and  then  left  until  it  became  semi-solid, 
after  which  it  was  spread  on  a  porous  tile.  The  substance,  freed 
from  adhering  oil,  was  recrystallised  several  times  from  hot  benzène 
and  was  thus  obtained  in  slender,  yellow  needles  melting  at  205 '5°. 
The  yield  was  7  grams. 

0-1632  gave  04929  COg  and  0-0911  H.p.     0  =  82-37  ;  H  =  6-20. 
CooHigOa  requires  C  =  82-76  ;  H  =  6-20  per  cent. 

The  same  substance  was  obtained  by  condensing  benzil  with  methyl 
îsûbutenyl  ketone  in  the  cold  by  means  of  a  0-5  per  cent,  solution  of 
potassium  hydroxide  in  absolute  alcohol  ;  but  the  yield  was  even 
poorer  than  in  the  preceding  case. 

*  This  arrangement  gives  a  température  of  from  60^  to  70°,  provided  that  no 
steam  is  allowed  to  condense  between  the  plate  and  the  flask. 
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A  portion  of  the  substance  was  heated  for  10  minutes  at  310^  (di- 
phenylamine  vapour)  in  an  atmosphère  of  carbon  dioxide.  It  resolidified 
on  cooling  and,  after  recrystallisation  from  lienzene,  was  found  to 
consist  of  unchanged  substance  (m.  p.  205-5'^).  A  sublimate  which 
had  formed  in  the  upper  part  of  the  tube  gave  the  same  melting 
point. 

The  foregoing  resuit  shows  that  the  condensation  product  is  a 
closed  chain  compound,  inasmuch  as  ail  open-chain  compounds  formed 
by  the  condensation  of  benzil  with  ketones  are  changed  on  heating, 
yielding  closed-chain  compounds.  Thus  desylene-methyl  ethyl  ketone 
is  in  this  way  transformed  into  /8-methylanhydracetonebenzil  (Japp 
and  Meldrum,  Trans.,  1901,  79,  1031). 

An  attempt  to  synthesise  ^-/sopropylideneanhydracetonebenzil  by 
condensing  acétone  with  anhydracetonebenzil  under  the  influence  of 
alcoholic  potassium  hydroxide — a  process  which,  if  benzaldehyde  be 
substituted  for  acétone,  readily  yields  benzylideneanhydracetonebenzil 
— led  to  no  resuit. 

Acetyl  Derivative. — One  gram  of  ^S-isopi-opylideneanhydracetonebenzil 
and  10  grams  of  acetic  anhydride  were  mixed,  and  1  drop  of  concen- 
trated  sulphuric  acid  was  added.  (If  this  proportion  of  acid  is 
exceeded,  a  very  impure  pi'oduct  is  obtained.)  This  addition  caused 
the  solid  substance  to  dissolve,  yielding  a  dark  brown  solution.  After 
three  days  the  mixture  was  poured  into  excess  of  water,  and  the 
yellow,  flocculent  precipitate  which  gradually  separated,  was  purified 
by  recrystallisation,  first  from  alcohol,  afterwards  from  benzène  with 
addition  of  light  petroleum  (sp.  gr.  0*71 — 0'72),  and  finally  from  light 
petroleum  alone.  It  was  thus  obtained  in  slender,  colourless  needles. 
It  melts  at  139 — 140*^  and,  if  kept  a  little  above  this  température, 
resolidifies,  finally  melting  at  154 — 155°.  This  phenomenon  is  doubt- 
less  due  to  dimorphism,  and  not  to  chemical  change,  inasmuch  as  a 
spécimen  which  had  been  melted  as  above,  then  allowed  to  cool,  and 
recrystallised  fi-om  light  petroleum,  again  gave  the  same  two  melting 
points. 

Analysis  showed  that  a  monaceti/l  derivative  had  been  formed. 

0-1566  gave  0-4570  C0._,  and  0-0857  H^.     C  =  79-58  ;  H-608. 
C22Ho„03  requires  0  =  79-51  ;  H  =  6-02  per  cent. 

/?-isoPropy]ideneanhydracetonebenzil  is  not  acetylatei  by  boiling  it 
for  4  hours  with  a  mixture  of  acetic  anhydride  and  anhydrous 
sodium  acétate. 

Réduction  of  ^-i&oPropylideneanhydracetonehenzil  loith  Hydriodic 
Acid  :  Formation  of  Dip/ienyHsopropylidenecjc\o2)entenone, 

>00 
C^Hs-C— C^0(CH3), 
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— Two  grams  of  yS-^sopropy]icleneanhydracetonebenzil  (m.  p.  205'5°) 
were  boiled  for  8  minutes  with  40  grams  of  fuming  hydriodic  acid 
(sp.  gr.  1-96).  Water  was  added,  the  organic  substance  was  dissolved 
in  ether,  and  the  ethei^eal  solution  was  shaken  successively  with 
aqueous  sulphurous  acid,  sodium  carbonate^  solution,  and  water. 
During  the  latter  part  of  the  process,  a  crystalline  substance  separated 
from  the  ether  ;  it  was  filtered  off  and  recrystallised  from  benzène, 
from  which  it  was  deposited  in  thick  prisms  melting  constantly  at 
171°.  The  dried  ethereal  filtrate,  on  evaporation,  yielded  a  further 
quantity  of  this  substance,  which  was  purified  in  the  same  way. 
Yield  :  0-6  gram, 

0-1448  gave  0-4647  CO,.  and  0-0863  H,0.     C  =  87-52  ;  H  =  6-62. 
C2oHjgO  requires  C  =  87-59  ;   k  =  6-57  per  cent. 


II.   C'o7idensation  of  Benzil  with  Meihyl  isoButyl  Ketone. 

C,H,-C==C^CH(CH3).„ 
a-is,orropylanhydracetonehenzil,  \  }Q0  and 

C,H,.C(OH)-CH/ 

fi  isoPropylanhydracetonebenzil,  \  )>C0 

C^H,  •  C(0  H)  •  CH/-CH(CH3)2 
— Forty  grams  of  finely  powdered  benzil,  28  grams  of  methyl  îsobutyl 
ketone,  and  400  ce.  of  a  0-5  per  cent,  solution  of  potassium  hydroxide  in 
absolute  alcohol  were  shaken  in  a  corked  flask  until  the  benzil  had 
dissolved,  after  which  the  mixture  was  left  for  12  days.  The  solution 
was  then  diluted  with  water  until  it  became  turbid,  and  allowed  to 
crystallise.  The  crystalline  deposit,  which  weighed  51  grams,  proved 
to  be  a  mixture  of  two  substances — one  of  them  dimorphous — which 
were  very  difiicult  to  separate.  Fractional  crystallisation  proved 
unavailing,  although  nearly  ail  the  ordinary  organic  solvents  were 
tried.  Finally  we  had  to  resort  to  the  tedious  process  of  picking  out 
the  différent  kinds  of  crystals.  The  crystalline  product  was  dissolved  in 
benzène,  and  somewhat  less  than  an  equal  volume  of  light  petroleum 
(sp.  gr.  0-71 — 0-72)  was  added.  The  solution  deposited  colourless,  six- 
sided  prisms,  white,  silky  needles,  and  flat,  yellow  prisms.  The  three 
kinds  of  crystals  were  separated  mechanically. 

The  six-sided  prisms  were  recrystallised  repeatedly  from  benzène 
with  the  addition  of  light  petroleum  until  they  showed  the  constant 
melting  point  of  142°.  The  white,  silky  needles  also  melted  at  142°, 
and  a  mixture  of  thèse  with  the  six-sided  prisms  gave  no  dépression  of 
melting  point.  When  either  the  six-sided  prisms  or  the  silky  needles 
are  crystallised  from  benzène  with  addition  of  light  petroleum,  a 
mixture  of  prisms  and  needles  is  obtained  in  each  case.      When  a 
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mixture  of  the  prisms  and  needles  is  allowed  to  stand  with  a  mixture 
of  benzène  and  light  petroleum  insufficient  to  disvsolve  them,  the 
needles  gradually  disappear,  being  transformed  into  the  prisms.  The 
substance  melting  at  142°  is  thus  dimorphous,  tbe  six-sided  prisms 
being  the  stable  form  at  the  ordinary  température.  This  substance 
is  a-i&oprojjylanhydracetonehenzil,  as  is  shown  by  its  yielding  a  benzyl- 
idene  derivative  (v.  infra). 

0-2151  gave  0-6477  CO2  and  0-1339  H2O.     C  =  82-12;  H  =  6-91. 
C20H20O2  requires  0  =  82-19  ;"'h  =  6-84  per  cent. 

This  compound  (m.  p.  142°)  -was  recovered  unchanged  after  being 
heated  for  5  minutes  at  330°  in  an  atmosphère  of  carbon  dioxide. 
This  resuit  indicates  that  the  substance  is  a  closed-chain  condensation 
product,  as  formulateJ. 

The  flat,  yellow  prisms  were  recrystallised  from  light  petroleum 
(sp.  gr.  0*71 — 0-72).  The  compound,  which  is  fi-i&opropijlanhydr- 
acetonebenzil,  was  thus  obtained  in  flat,  colourless  needles,  melting 
constantly  at  161-5°,  )8-Monalkylanhydracetonebenzils  melt  higher 
than  the  corresponding  a-derivatives. 

0-1563  gave  0-4711  CO2  and  0-0980  H2O.     0  =  82-20;  H  =  6-96. 
O20H20O2  requires  0  =  82-19  ;  H  =  6-84  per  cent. 

Tlie  quantity  of  this  compound  was  too  small,  and  its  séparation  too 
difhcult,  to  allow  of  our  investigating  it  further. 
Benzylidene-a-isoj^ropylanhydracetonehenzil, 

CgH^-O  =  C\-CH(CH3V, 

I  >co 

06H5-C(OH)'0=CH-OgHg 
—  One  gram  of  a-z'sopropylanhydracetonebenzil  (m.  p.  142°)  and  0-4 
gram  of  benzaldehyde  weie  shaken  with  a  1  per  cent,  solution  of 
potassium  hydroxide  in  absolute  alcohol  until  the  whole  dissolved. 
After  12  days  the  liquid  was  diluted  with  half  its  volume  of  water. 
The  crystals  which  were  deposited  weighed  1  gram.  They  were  twice 
recrystallised  from  benzène,  with  the  addition  of  light  petroleum, 
and  were  thus  obtained  in  the  form  of  four-sided  prisms,  with  oblique 
or  pointed  ends.     They  melted  constantly  at  179°. 

0-1623  gave  0-5062  OO2  and  0-0948  HjO.     0  =  8506;  H  =  6-49. 
02vH2^O2  requires  0  =  85-26  ;  H  =  6-31  per  cent. 

III.     Improved  Methods  of  Preparing  Anhydracetonehenzil  and 
^-Methylanhydracetonehenzil. 

Anhydracetonehenzil. — Acetonebenzil,    "     ''   '  ,„,^.  p,,^    ^,^  „„  ^^^^ 

OjjXlr,*L/(^Uxl)"Uxl.,'L(J'Orljj 
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anhydracetouebenzil,     ^  ^  A//-wtt\  mr  ^^'^'    ^"^^^'Q  fii'st   prepaied    by 
C^;tL5'C(0H)*bHo 

Japp  and  Miller  (Trans.,  1885,  47,  21  and  27),  who,  however,  assigned 

to  tlie  latter  compound  a  constitution  différent  from  the  foregoing  and 

termed  it  "  dehydracetonebenzil."     The  former  compound  was  obtained 

by  the  action  of  a  small  quantity  of  aqueous  potassium  hydroxide  on  a 

mixture  of  benzil  and  acétone,  the  latter  was  formed  from  the  same 

substances  when  an  excess  of  potassium  hydroxide  was  used. 

Both  of  thèse  substances  were  subsequently  prepared  on  sevex-al 
occasions  ;  but  the  yields  varied  in  an  unaccountable  manner.  It  was 
évident  that  much  depended  on  the  character  of  the  acétone.  Japp 
and  Miller  found  that  a  spécimen  of  acétone  purified  merely  by  frac- 
tional  distillation  could  not  be  used  in  the  préparation  of  acetonebenzil. 
They  say  :  "  The  employment  of  an  acétone  purified  by  means  of  the 
bisulphite  compound  is  in  this  reaction  indispensable — not  merely  for 
obtainiug  a  good  yield  of  the  compound,  but  in  order  to  obtain  any  of 
the  compound  at  ail/'  Japp  and  Klingemann,  however  (Trans.,  1890, 
57,  673,  footnote),  found  that  acétone  could  be  prepared  so  pure  as  not 
to  give  the  reaction,  but  that  the  same  acétone  readily  coudensed  with 
benzil  under  the  influence  of  a  little  aqueous  potassium  hydroxide  to 
form  acetonebenzil,  if  two  or  three  drops  of  alcohol  were  previously 
added  to  it.* 

We  hâve  now  had  a  similar  expérience  in  the  ^préparation  of  anhydr- 
acetouebenzil. Working  according  to  the  directions  given  by  Japp 
and  Lander  (Trans.,  1897,  71,  130),  who  improved  upon  the  original 
process,  and  using  Kahlbaum's  "  acétone  from  the  bisulphite  com- 
pound," we  obtained  hai'dly  any  anhydracetouebenzil,  the  greater  part 
of  the  benzil  being  recovered  unchanged.  This  was  the  more  surpris- 
ing,  as  Japp  and  Lander,  in  preparing  the  very  large  quantities  of 
anhydracetouebenzil  which  they  required  for  their  study  of  the 
oxidation  of  this  compound,  had  not  merely  employed  this  method, 
but  had  used  acétone  of  the  same  quality,  also  obtained  from  Kahlbaum, 
alLhough  of  a  différent  préparation. 

Mindfixl  of  Japp  and  Klingemann's  expérience  with  acetonebenzil, 
we  repeated  the  process,  adding,  however,  a  few  drops  of  alcohol  to  the 
mixture.  The  eff'ect  was  such  that  we  obtained  a  yield  even  better 
than  that  recorded  by  Japp  and  Lander. 

As  this  slight  modification  may  thus  mean  ail  the  diff'erence  between 
failure  and  success  in  the  préparation  of  anhydracetouebenzil,  and  as  it 
renders  the  course  of  the  reaction  independent  of  minute  différences 

*  I  jiointed  out  (loc.  cil.)  that  tlic  "  pure  "  acétone  prepared  by  Dr.  Miller  and 
iiiyself  inay  bave  contaiued  traces  of  alcoliol  derived  from  tlie  commercial  ether 
wbich  waï  used  in  washiug  the  bisulphite  compouud. — F.  R.  J. 
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in  ihe  quality  of  tlie  acétone  employed,  we  will  describe  the  luethod  in 
détail, 

ïwo  hundred  grams  of  finely-powdered  benzil,  125  gvams  of  pure 
acétone  (Kahlbaum's  acétone  "from  the  bisulphite  compound"),  1  ce. 
of  alcoliol,  and  2  ce.  of  an  aqueous  solution  of  potassium  hydroxide 
of  33  3  per  cent,  strength  were  shaken  in  a  corked  fiask  until  the 
whole  of  the  benzil  had  dissolved.  The  liquid  became  slightly  warm 
duiing  the  piocess,  owing  to  the  formation  of  the  aldol  condensation 
compound,  acatonebenzil.  Fifty  more  ce.  of  the  aqueous  potassium 
hydroxide  were  then  added,  and  the  mixture  was  warnied  for  half  an 
hour  on  the  water-bath,  during  whieh  time  it  was  frequently  shaken. 
The  whole  was  then  poured  into  hot  water,  and  the  organic  substance, 
which  solidified  on  cooling,  was  ground  in  a  mortar,  washed,  first  with 
hot  water  and  then  with  a  liltle  ether  to  remove  dark-eoloured  im- 
purities,  and  fioally  recrystallised  from  hot  benzène.  In  this  way  we 
obtained,  from  the  foregoing  quantities,  165  grams  of  anhydracetone- 
benzil  (m.  p.  147^  *),  without  working  up  the  mother  liquors,  whereas 
Japp  and  Lander,  wlio  did  not  adJ  aleohol  to  the  mixture,  obtained 
only  150  grams  in  ail. 

It  must  be  borne  in  miod  that  although  the  addition  of  a  small 
quantity  of  aleohol  thus  facilitâtes  the  occurrence  of  the  reaction,  the 
condensation  of  benzil  and  acétone  to  form  anhydracetonebenzil  cannot 
be  effeeted  by  means  of  an  alcoholic  solution  of  potassium  hydroxide, 
sinee  under  thèse  cireumstances  the  anhydracetonebenzil  formed  in  the 
tirst  instance  condenses  with  a  second  molécule  of  benzil  to  form 
anhydracetonedibenzil. 

li-Methylanhydracetonebenzil. — Of  the  t^\o  monomethyl  homologues 
of  anhydracetonebenzil — a-methylanhydracetonebenzil, 

C,H,-Ç=C(CH3). 

CoH.-C(OH)-CH,^      ' 

aud  /3-methylanhydracetonebenzil,  c[h^:6(0H).CH(C^>^^  " ''" 
a-eompound  is  readily  obtained,  together  with  only  a  mère  trace  of  the 
/3-compound,  by  the  protraeted  action  of  a  0  5  per  cent,  solution  of 
potassium  hydroxide  in  absolute  aleohol  on  a  mixture  of  benzil  and 
methyl  ethyl  ketone  in  the  cold  ;  where\s,  when  aqueous  potassium 
hydroxide  of  33"3  per  cent,  strength  is  used,  and  the  mixture  is  lieated, 

*  ïhi«  is  tlic  lueltiiig  ]ioiiit  oî  yellow  aiihydracetoiu'benzil  as  ordiiiaiily  olitaiiied, 
the  yellow  colour  beiiig  due  to  the  présence  of  a  trace  of  lienzylideneaiihydracetoue- 
benzil  which  caimot  be  venioved  excei)t  by  a  wasteful  jnocess  of  partial  oxidatioii  of 
the  substance.  The  pure  coniiiound  is  colourless  and  nielts  at  149°,  but  the  yellow 
substance  is  sufficieutly  pure  for  ail  ordiuary  purposes  (compare  Japp  aud  Miller, 
ïrans.,  ISSô,  47,  27  ;  Japp  and  Findlay,  1899,  75,  1018  aud  1019). 
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the  proportion  of  ^-compound  formée!  is  increased,  remaining,  however, 
below  that  of  the  a-compound  which  is  simultaneously  produced,  so 
that  the  yield  of  yS-compound  still  leaves  much  to  be  desired  (Japp  and 
Meldrum,  Trans.,  1901,  79,  1028). 

We  now  find  that  by  substituting  aqueous  sodium  hydroxide  for 
potassium  hydroxide  in  the  latter  reaction  the  yield  of  /3-compound  is 
veiy  appreciably  improved. 

Eighty  grams  of  benzil,  50  grams  of  methyl  ethyl  ketone,  0'5  ce.  of 
alcohol,  and  60  ce.  of  a  solution  of  sodium  hydroxide  prepared  by 
dissolving  the  covimerckd  *  hydroxide  in  twice  its  weight  of  water, 
were  introdaced  into  a  conical  flask  fitted  with  a  condensing  tube,  and 
the  whole  was  heated  for  3|  hours  on  a  thin  métal  plate  over  a  water- 
bath,  the  flask  being  shaken  from  time  to  time.  The  product  was 
poured  into  hot  water,  and  the  solidified  substance  was  ground,  washed 
with  water,  freed  from  darkcoloured  impurities  by  treatment  with  a 
little  ether,  and  dissolved  in  boiling  alcohol.  The  solution,  on  cooling, 
depositrd  24  grams  of  practically  pure  /3-methylanhydracetonebenzil. 
The  mother  liquor  contained  a-methylanhydracetonebenzil  and  a-desyl- 
enemethyl  ethyl  ketone,  together  with  a  small  quantity  of  y8-methyl- 
anhydracetonebenzil  ;  thèse  could  be  separated  by  fractional  crystal- 
lisation  from  alcohol,  It  is  to  be  noted  that  desylenemethyl  ethyl 
ketone  can  be  converted  quantitatively  into  /3-methylanhydracetone- 
benzil  by  heating  it  for  a  short  time  at  330°  (Japp  and  Meldrum, 
Trans.,  1901,  79,  1031). 

A  second  experiment  conducted  in  the  same  way  also  gave  24  gx'ams 
of  the  y8-compound,  whereas  in  a  previous  experiment  in  which  the 
same  quantities  of  benzil  and  methyl  ethyl  ketone  were  heated  with 
aqueous  7J>otossm7?i  hydroxide  of  33-3  per  cent,  strength  only  19  grams 
were  obtained. 

Chemical  Department, 

University  of  Aberdeen. 

*  In  one  experiment,  in  which  we  employée!  pure  sodium  hydroxide,  the  solution 
made  up  in  the  above  proportions  proved  to  be  too  strong,  antl  considérable  resinifi- 
cation  of  the  organic  substances  occurred. 
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LXVIII. — The   Dihydrocyanides  of  Benzil  and    Fhen- 
anthraquinone.     Second  Notice* 

By  Francis  Robert  Japp,  F.R.S.,  and  Joseph  Knox,  B.Sc,  Carnegie 
Scholar  in  the  University  of  Aberdeen. 

Although  the  dihydrocyanides  of  a-diketones  are  most  generally 
formulated  as  tartronitriles,  no  strict  proof  that  they  possess  this  con- 
stitution has  hitherto  been  given,  with  the  exception  of  the  hydrolysis 

of   Zinin's  benzildihydrocyanide,       '^^  n,r\u\  n-vr'    *°    diphenyltartr- 

Ojjil  -  •  U^Uxl  )  •  CJN 

ainide    (Burton,   Ber.,   1883,   16,    2232).     Indeed,  owing   to  the  ease 

with  which  thèse  compounds  break  up  into  a-diketone  and  hydrocyanic 

acid,  some  writers  hâve  preferred   to  represent   them   as   molecular 

combinations. 

We  bave  obtained  conclusive  évidence  of  the  tartronitrile  constitu- 
tion of  thèse  compounds  by  preparing  their  diacetyl  derivatives.  The 
dihydrocyanides  which  we  hâve  studied  in  this  direction  are:  (1) 
benzildihydrocyanide  ;  (2)  the  phenanthraquinonedihydrocyanide  ob- 
tained by  Japp  and  Miller  ;  and  (3)  a  stereoisomeric  phenanthraquin- 
onedihydrocyanide  described  in  the  présent  paper. 

By  treatment  with  concentrated  sulphuric  acid  in  the  cold,  benzil- 
dihydrocyanide is  converted  into  dijjhenylacetamide.  In  order  to 
account  for  this  reaction  it  is  necessary  to  assume  that,  as  a  lirst 
stage,  a  pinacoline  migration  occurs  : 

C6H5-Ç(OH)-CN  (C6H.)2Ç-CN 

C6H,-C(0H)-CN        —^  C(OH),-CN' 

the  resulting  compound  then  undergoing  hydrolytic  fission  with  forma- 
tion of  diphenylacetamide,(OyH5).,CH'CONH2,  and  possibly  oxalic  acid, 

By  the  interaction  of  phenanthraquinone  with  30  per  cent,  aqueous 
hydrocyanic  acid  in  the  cold,  Japp  and  Miller  (Trans.,  1887,  51,  32) 
obtained  a  phenanthraquinonedihydrocyanide  crystallising  in  slender 
needles.  We  find  that  a  stronger  solution  of  hydrocyanic  acid  is 
practically  without  action  on  phenanthraquinone  in  the  cold,  but  that, 
on  heating  the  mixture  at  50°,  a  stereoisomeric  j^henanthraquinonedi- 
hydrocyanide,  crystallising  in  laminœ,  is  formed.  The  laminar  crystals 
hâve  a  higher  decomposing  point  than  the  acicular.  On  the  other 
hand,the  diacetyl  derivative  of  the  laminar  compound  melts  lower  than 
that  of  the  acicular  compound.  The  best  yield  of  the  laminar  com- 
pound is  obtained  by  employing  anhydrous  hydrocyanic  acid. 
*  See  Japp  aud  Miller,  Traus. ,  1887.  51,  2y. 
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ïhe  reactions  of  tlie  two  phenanthmt^uinonedihydrocyauides  show 

C  TT  •CYOTTVC'N 
that  both  hâve  the  structural  formula  X^-.t*  A/-^ttx  r^i^y     They  rnust 

C^jH4"C(0H)'CN 

therefore  be  stereoisomerides,  the  one  being  the  racemic,  the  other  the 
meso-form,  althougli  it  is  at  présent  impossible  to  assign  to  each  its 
spécifie  configuration. 

By  hydrolysing  acicular  phenanthraquinonedibydrocyanide,  net  pre- 
viously  freed  from  adhering  hydrocyanic  acid,  with  fuming  hydro- 
chloric  acid  in  the  cold,  Japp  and  Miller  {loc.  cit.)  obtained  two  com- 
pounds,  CijH.pN  (m.  p.  241°)  and  Cj-HiiO^N  (m.  p.  183°),  both  of 
which  yield  salts  with  bases,  the  former  compound  taking  up  water  in 
the  process,  so  that  its  dehydrated  sodium  sait,  for  example,  has  the 
formula  Oj-Hj^OoNNa  ;  but  it  agaio  parts  with  water  wlien  liberated 
from  its  salts,  yielding  the  original  compound,  Cj-H^ON  (compare  Japp 
and  Miller).  From  a  study  of  the  reactions  of  thèse  compounds  \ve 
assign  to  them  the  constitutional  formulai 

C,H,-C-CO  ,  aH,-C(OH)'CO 

llll  ITlll  II  I 

PheDanthianil  Hydroxydihydropheiianthrauil 

(m.  p.  241°).  (m.  p.  183°). 

Both  compounds  are  capable  of  interacting  also  in  the  tautomeric 
form,  and  we  are  unable  to  say  whether  the  free  substances  are 
lactams,  as  hère  represented,  or  the  corresponding  lactims.  The 
metallic  salts  formed   from  phenanthranil  are  salts  of  the  unstable 

O  TT  'C^'C*0  IT 
phenanthranilic  acid,    '  ^„^  [\  ^^    ,  which,  as  just  mentioned,  when 

liberated  from  its  salts,  parts  with  water,  regenerating  phenanthranil. 

ri  TT  .  ("^ .  r*  r) 

Phenanthranil  vields  a  monacetyl  derivative,   '  "^^r^  !  '  -vt  n  tt  r\-    '^^'^'^ 

C|.U^*L*^  •02x130 

esters  correspond  with  it  :  one  is  ethyl  phenanthranilate, 

Ç.H^-C-CO.CoH, 

1     •    ,    7    •         ..  r   1  "     .,     M  aH,-c-c-oaH. 

and  the  other  is  the  laclini  ester  "^  01   phenanthranil.   i  ,  '  U  -Il  - 

Both  esters,  when  hydrolysed  with  sodium  hydroxide,  yield  sodium 
2Âenanthrcmilate  ;  but  a  portion  of  the  lactim  ester  is  tx-ansformed,  at 
the   same   time,    into  the   non-hydroly sable   hydroxyethyldihydrojjhen- 

*  We  would  suggest  that  compounds  of  tliis  type  should  be  called  esters  ratliei' 
thaii  cthers.  Thus,  in  the  complex  -C{NH)*OAlk  of  the  so-called  imido-ethcrs,  the 
imido-gioup  has,  stvucturall}-,  the  same  function  as  the  doubly-linked  oxygeu  in  the 
complex  -CO'OAlk  of  the  ordinal  y  esters,  and  the  name  imido-csfer  would  indicate 
more  cleaily  this  analogy. 
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.,  Ceïï,-C(OH)-CO  ,         ,    ,  .... 

anthranu,  i,"        '  '  4t  r^  n  >   ^'^^    etliyl    group    migrating    in   the 

process. 

Hydroxydihydrophenantliranil,  J-^^^J"   i  ^_         ' -^t'  dissolves  in  sodium 
C^  U  j  •  Cii !N  Ji 

carbonate,  yielding  a  sodium  sait  whicli  is  probably 

C^H^-CH N 

but  was  not  obtained  in  a  condition  suitable  foi'  analysis  (compare 
Japp  and  Miller,  loc.  cit.,  p.  35)  and  which,  when  its  aqueous  solu- 
tion is  digested  for  some  time  on  the  water-bath,  décomposes,  deposit- 
ing  a  brown  amorplious  substance.  Acetylated  in  the  cold  with  acetic 
anhydride  to  which  a  little  concentrated  sulphuric  acid  has  been  added, 
hydroxydihydrophenanthranil  yields  a  monacetijl  derivative, 

Ç,H4-Ç(0H)-Ç0 

CgH^-CH N-CoHgO' 

insoluble  in  sodium  carbonate.  Treated  with  sodium  ethoxide  and 
ethyl  iodide,  hydroxydihydrophenanthranil  yields  the  above-mentioned 

hydvoxyetliyUlihydrophenanthranil,  \^^  I,  „ _^  ^,  .^  ,  in  which  the 

ethyl  is  doubtless  attacbed  to  nitrogen,  as  the  compound  is  not  hydro- 
lysed  by  warming  it  with  alcoholic  potassivim  hydroxide  and  is  more- 
over  insoluble  in  aqueous  caustic  alkalis,  showing  that  the  labile 
bydrogen  atom  has   been  replaced  by  ethyl  ;    this    ethyl   derivative 

yields   a  monacetyl  derivative,    l '^    ^   r        i    i    1   \  _     Warmed 

C^jH^  •  CH N  •  C.^H^ 

with  benzaldehyde,  hydroxydihydrophenanthranil  is  converted  into  a 
henzylidene   derivative,   probably   derived   from  the  lactim  form  and 

CH-CVH- 

/\ 
O      0 

ri    TT     ,  /"< A 

having  the  constitution,    1  "^^   1       M  ;  it  would  thus  be  an  analogue  of 
L/gil^'L/Ji'JS 

chloralide  ;    it   is  insoluble  in  caustic  alkalis.     The  foregoing  ethyl 

derivative  of  hydroxydihydrophenanthranil,  as  might  be  expected  from 

its  constitution,  does  not  interact  with  benzaldehyde. 

On  the  other  hand,  we  must  point  out  that  sodium  phenanthranilate 
and  ethyl  phenanthranilate,  although,  as  above  formulated,  they 
contain  an  amino-group,  do  not  interact  Avith  benzaldehyde. 

At  hrst  we  were  inclined  to  regard  the  compound  (m.  p.  183'^), 
which  we  hâve  formulated  as  hydroxydihydrophenanthranil,  as  phenan- 
thranilic  (lO-aminophenanthrene-9-carboxylic)  acid.  This  view  is, 
however,  untenable,  as  it  Avould   in  volve  the   identity  of  the  totally 

3  A  2 
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distinct  sodium  salts  and  ethyl  esters  of  the  unstable  phenanthi-anilic 
acid  from  phenanthranil  with  those  of  hydroxydihydrophenantliranil. 
Besides,  there  would  be  no  reason  why  the  closed  side  chain  of  phenan- 
thranil, when  once  opened,  should  spontaneously  close  again.  Nor 
would  such  a  formula  for  hydroxydihydrophenanthranil  explain  the 
insolubility  of  the  benzylidene  and  acetyl  derivatives  of  this  com- 
pound  in  alkalis,  as  also  the  fact  that  its  ethyl  derivative  is  not  only 
insoluble  in,  but  not  hydrolysable  by,  alkalis.  It  would  be  necessary, 
at  ail  events,  to  assume  that  phenanthranil  and  hydroxydihydro- 
phenanthranil contain  différent  hydrocarbon  nuclei  :  that  in  one  of 
them,  possibly  the  well-known  change  to  the  diphenylenemethane 
nucleus,  as  in  the  formation  of  diphenyleneglycollic  acid  from  phenan- 
thraquinone,  has  taken  place  ;  and,  that  this  is  not  the  case,  is 
shown  by  the  foUowing  experiments  : 

If  hydroxydihydrophenanthranil    is    heated   in  a  sealed  tube   with 
fuming  hydrochloric  acid  it  yields  2-hydroxyphenanthrene, 


together  with  the  corresponding  ^-2)henanthryl  oxide, 

CgH.-C— 0— C-C,H,' 

and  tetraphenylenefii.rfuran,  A  tt    M       rî  ri  xr  >  *^^  ^^^^  last-mentioned 


O 
compounds  being  formed  from  the  first  (compare  Japp  and  Findlay, 
Trans.,  1897,  71,  1115).  If  phenanthranil  is  treated  in  the  same  way, 
it  undergoes  the  same  changes,  except  that  a  higher  température  is 
required  owing  to  the  greater  stability  of  the  compound.  As  we 
were  compelled  to  employ  a  smaller  quantity  of  phenanthranil  for  the 
reaction,  we  contented  ourselves  with  isolating  the  primary  product — 
which  is  also  the  chief  product — ^-hydroxyphenanthrene. 

Both    phenanthranil    and    hydroxydihydrophenanthranil    therefore 
contain  the  phenanthrene  nucleus. 

The  mechanism  of  the  décomposition   may,  in  the  case  of  phenan- 
thranil, be  formulated  as  follows  : 

ÇoH^.CH 


ÇoH 

4-c-Ço 

H2O 

ÇeH, 

•C-CO^H 

C,H 

,-C-NH 

^ 

C,H, 

•C-NH^ 

then 

Ç3H4 

fiH 

+   HgO 

H-    HCl      == 

CeH, 

C-NH2 

ÇoHi'CH  NTT  n 

(Japp  and  Findlay,  loc.  cit.,  p.  1117). 

We  studied  the  conditions  of  the  hydrolysis  of  acicular  phenanthra- 
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quinonedihydrocyanide  much  more  thoroughly  than  had  been  done  by 

Japp  and  Miller.     A  product  of  the  hydrolysis  which  had  been  over- 

.     ,.  ,       ,  .,    aH,-C(OH)-CONH„ 

looked  by  them  is  chphenylenetartramide,   i  \-,    JI,/^tj\  /-</-» >t n  • 

OQrl^'L(Uil)*UOJN  xig 

Our  attempts  to  hydrolyse  the  laminar  phenanthraquinone  dihydro- 
cyanide  were  only  partial  ly  successful,  as  the  reaction  does  not  occur 
except  at  a  température  at  which  the  greater  part  of  the  substance  is 
resinified.  Phenanthranil  and  hydroxydihydrophenanthranil  were  iso- 
lated  from  the  product. 

Expérimental. 
Benzildihydrocyanide. 

Acetylation  of  Benzildihydrocyanide. — The  benzildihydrocyanide 
used  in  this  and  the  followiug  experiments  was  prepared  by  Zinin's 
method  as  modified  by  Japp  and  Miller  (Trans.,  1887,  51,  31). 

In  acetylating  the  compound,  a  mixture  of  15  grams  of  acetic 
anhydride  and  4  drops  of  concentrated  sulphuric  acid  was  added  to  7 
grams  of  finely-powdered  benzildihydrocyanide,  and  the  whole  was 
allowed  to  stand  in  the  cold  for  three  weeks.  The  solid  was  separated 
by  filtration  and  recrystallised  from  boiling  glacial  acetic  acid.  The 
yield  of  recrystallised  substance  was  6  grams.  It  crystallised 
in  six-sided  plates,  or  long  pointed  needles,  both  of  which  showed 
straight  extinction,  and  melted,  when  rapidly  heated,  with  décomposi- 
tion at  242°. 

Analysis  gave  figures  agreeing  with  the  formula  of  diacetylbenzildi- 

hydrocya^ude,   c,^h,.C(0.0,H30).CN- 

0-2079  gave  0  5242  COg  and  0-0881  HgO.     C  =  68-76  ;  H  =  4-70. 
0-2834     „     20-05  ce.  moist  nitrogen  at  8°  and  741  mm.     N  =  8-32. 
CjoHigO^Na  requires  0  =  68-96  ;  H  =  4-59  ;  N  =  8-04  per  cent. 

Action  of  Concentrated  Sulphuric  A  cid  on  Benzildihydrocyanide  : 
Formation  of  Dij^henylacetamide,  (0,5H^)oCH'CONH2. — Forty  grams  of 
finely-powdered  benzildihydrocyanide  were  sifted  into  400  grams  of 
concentrated  sulphuric  acid,  whilst  the  mixture  was  constantly  stirred. 
The  whole  was  allowed  to  stand  for  40  hours,  after  which  it  was 
poured  on  to  pounded  ice.  The  solid  substance  was  separated  by 
filtration  and  the  acid  solution  was  evaporated  on  the  water-bath. 

The  solid  substance  was  digested  with  sodium  carbonate,  which 
extracted  a  yellow  acid,  but  in  quantity  too  small  for  further 
investigation.  The  solid  residue  remaining  after  this  treatment  was 
thoroughly  washed  with  ether,  to  remove  résinons  matters.  (If  the 
washing  with  ether  lias  not  been  sufficient,  the  residue  cannot  be 
induced   to  crystallise.)     The    washed  residue  was  recrystallised  first 
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from  alcohol,  and  afterwards  from  benzène.  It  was  somewhat  difficult 
to  purify,  but  was  ultimately  obtained  in  pointed,  or  obliquely 
truncated,  flat  prisms,  with  an  extinction  angle  of  44—45°  from  tbe 
long  axis,  and  melting  at  167'5 — 168°. 

The  above-mentioned  acid  solution  yielded,  on  evaporation,  an  oil, 
which  solidified  on  standing.  It  was  boiled  with  sodium  carbonate, 
and  the  residue,  recrystallised  from  the  foregoing  solvents,  yielded  a 
further  quantity  of  the  substance  melting  at  167'5 — 168°.  The 
substance  thus  obtained  was  free  from  resin  and  was  much  easier  to 
purify  than  the  original  solid  residue. 

0-2081  gave  0-6048  CO.,  and  0-1181  H2O.     0  =  79-26;  H  =  6-30. 
0-2079     „     0-6041  CO2    „    01195  HgO.     0  =  79-24;  H  =  6-38. 
0-1002     „     5-95  ce.  moist  nitrogen  at  20-5°  and  759  mm,  ]Sr  =  6-76. 
Oi^HjgON  requires  0  -  79-62  ;  H  =  6-16  ;  N  =  6-63  per  cent. 

The  compound  is  dijjhenylacetamide,  (CgH5)oOH*CONH,.  It  was 
fiu'ther  identified  by  comparison  with  a  spécimen  of  this  substance 
prepared  by  heating  ammonium  diphenylacetate  in  a  sealed  tube  at 
230°  (Neure,  Annalen,  1888,  250,  141).  The  melting  points,  mixture 
melting  point,  crystalline  form  and  optical  properties  of  the  two 
préparations  were  identical.  Both  Neure,  and  Anschiitz  and  Romig 
{Annalen,  1886,  233)  give  the  melting  point  of  diphenylacetamide  at 
165 — 166°;  but  we  conûrmed  the  somewhat  higher  melting  point  of 
167-5 — 168°,  above  given,  by  a  détermination  with  a  normal 
thermometer. 

The  action  of  hydrochloric  acid  on  benzildihydrocyanide  was  also 
studied,  but  did  not  yield  results  of  interest.  By  heating  the  substance 
in  a  sealed  tube  with  fuming'aqueous  hydrochloric  acid  the  only  products 
obtained  were  benzoic  acid  and  an  uncrystallisable  oil.  By  allowing 
benzildihydrocyanide  to  stand  with  alcoholic  hydrogen  chloride  in  the 
cold,  only  a  hydrochloride  of  the  dihydrocyanide  was  formed. 

Isomeric  Phenanthraquinonedikydrocyanides* 

Acicular  Phenanthraquinonedihydrocyanide. — In  preparing  this 
compound  one  of  the  methods  devised  by  Japp  and  Miller  (loc.  cit. ,  p.  33) 
was  employed.  Finely  powdered  phenanthraquinone  was  allowed  to 
stand  for  4 — 5  days  in  a  strong  corked  flask  with  a  considérable  excess 
of  30  per  cent,  aqueous  hydrocyanic  acid,  and  the  mixture  was  shaken 
from  time  to  time.     At   the   end   of   this   time   the   orange-coloured 

*  In  preparing  thèse  compoimds,  it  is  essential  to  cmploy  a  phenaiithracpiinone 
that  has  been  pnrified  by  means  of  its  hydrogen  sodium  sulphite  compound,  as 
otherwise  the  anthraqninone  which  is  invarinbly  présent  in  spécimens  of  j^henanthra- 
quinone  which  hâve  been  purified  merely  by  recrystallisation  will  contaminate  the 
products. 
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pai-ticle.s  ot"  the  phenauthr;i(|uiiione  liad  disappeui-eil  anil  the  llask  coii- 
tained  a  magma  of  white,  needle-shaped  crystals.  The  substance  was 
freed  from  the  adhering  liquid  by  means  of  a  filter-pump,  and  then 
dried  in  a  vacuum  desiccator  over  sulphuric  acid.  Tt  turns  reddish- 
brown  on  drying,  owing  to  a  partial  régénération  of  phenanthi-a- 
quinone. 

Japp  and  Miller  puiified  the  substance  for  analysis  by  washing  it 
with  chloroform,  which  readily  dissolves  the  phenanthraquinone  but 
in  which  the  dihydrocyanide  is  practically  insoluble.  SVe  found, 
however,  that  the  dihydrocyanide  can  be  recrystallised  from  bot 
benzène,  pi-ovided  that  too  long  boiling  is  avoided.  It  was  deposited 
in  colourless  needles,  which,  when  heated  in  a  capillary  tube,  décompose 
and  turn  red  at  a  température  below  100°. 

01662  gave  15'1  ce.  moist  nitrogen  at  13^  and  746  mm.    N  =  10-53, 
CjgHj^OgNo  requires  N^  1069  per  cent. 

8ometimes  the  hot  benzène  solution  deposited  at  first  colourless 
six-sided  plates  and  afterwards  needles.  We  were  at  first  inclined 
to  think  that  thèse  plates  were  the  stereoisomeric  laminar  phenanthra- 
qiiinonedihydrocyanide  (to  be  described  later  on).  On  separating 
some  of  thèse  plates,  however,  we  found  that  they  showed  the 
same  deconiposing  point  as  the  needles,  whereas  the  laminar  form 
does  not  décompose  until  160 — 170'^,  and  that  their  diacetyl  derivativo 
melted  at  255—256°  the  melting  point  of  the  diacetyl  derivative 
of  the  needles,  and  showed  no  dépression  when  mixed  with  a 
spécimen  of  the  latter  substance.  The  différence  was,  thereforo, 
doubtless  nothing  more  than  a  différence  in  crystalline  habit. 

The  following  experiments  on  the  loss  of  weight  which  acicular 
phenanthraquinonedihydrocyanide,  purified  by  recrystallisation  from 
benzène,  suffers  on  heating,  are  of  interest.  The  substance  was 
heated  at  the  respective  températures  until  the  weight  remained 
constant. 

0-6374  lo.st,  on  heating  at  100'  for  2  hours,  0-1314  =  20-61  per  cent. 
CjgHjgOaNo-  2110^  requires  a  loss^20-61  per  cent. 

The  substance  which  remained  was  phenanthraquinone. 

0-2102  lost,  on  heating  at  70'  for  1 1  houi's  (weight  constant), 0"021 7  = 
10-32  per  cent. 

Cj^HjyOgNg  -  HCN  requires  a  loss  =  10-30  per  cent. 

The  substance  which  remained  in  the  latter  case  was  a  scarlet 
powder  and  was  doubtless  jihenanthraqitinonemonohi/droci/anide.  Tts 
solution  in  hot  benzène  deposited  scarlet  crystals,  but  a  portion  of  it 
was  decomposed  in  the  process  into  phenanthraquinone  and  hydrocyanic 
acid. 
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The  experiment  just  described  shows  that  phenanthi^aquinonedi- 
hydrocyanide,  when  heated  for  a  long  time,  shows  a  much  lower 
decomposing  point  than  that  (a  little  under  100°)  indicated  by  its 
behaviour  when  quickly  heated  in  a  melting-point  tube. 

Acetylation  of  Acicular  Phenanthraquinonedihydrocyankle. — Twenty 
grams  of  acetic  anhydride  containing  5  drops  of  concentrated  sulphuric 
acid  were  added  to  10  grams  of  powdered  acicular  phenanthraquinone- 
dihydi'ocyanide.  There  was  a  slight  rise  of  température  on  mixing, 
and  the  flask  was  therefore  cooled  with  water.  The  dihydrocyanide 
dissolved  completely,  and  in  less  than  an  hour  crystals  began  to  form. 
After  two  days  the  contents  of  the  flask  had  almost  solidified  to  a  mass 
of  colourless  crystals.  After  recrystallisation  from  boiling  glacial 
acetic  acid,  the  substance  was  obtained  in  colourless,  flat,  pointed 
needles,  showing  straight  extinction  and  melting,  with  décomposition, 
at  255 — 256°.  The  yield  was  7  grams,  and  more  could  be  obtained  by 
diliiting  the  acetic  anhydride  mother  liquor  with  water. 

The  substance  is  extraordinarily  difficult  to  burn,  and  we  preferred 
to  détermine  the  carbon  and  hydrogen  in  separate  portions,  using  lead 
chromate  for  the  former  and  copper  oxide  for  the  latter. 

0-1838  gave  0-4662  CO,.  0  =  69-17. 
0-1970  „  0-4988  CO2.  C  =  69-0j. 
0-1623  „  00617  ïï,0.  H  =  4-22. 
01568     „     00584  HgO.     H  =  4-13. 

0-2290     „     16  ce.  moist  nitrogen  at  11°  and  742-4  mm.     N  =  8-13. 
C2QH14O4N0  requires  C  =  69-36  ;  H  =  4-04  ;  N  =  8-08  per  cent. 

The  compound  is  therefore  the  diacetyl  derivative  of  acicular 
phenanthraquinonedihydrocyanide  : 

C,3H,-C(0-C2H30)-CN 
C^H4-C(0-C2H30)-CN" 

Laminar  Phenanthraquinonedihydrocyanhlp,. — In  the  course  of  an 
attempt  to  prépare  Japp  and  Miller's  acicular  phenanthraquinone- 
dihydrocyanide  we  employed  a  much  stronger  hydrocyanic  acid 
than  the  30  per  cent,  aqueous  solution  prescribed  by  them.  As 
very  little  reaction  took  place  in  the  cold  we  heated  the  mixture  of 
phenanthraquinone  and  hydrocyanic  acid  in  a  stout,  corked  flask. 
Most  of  the  phenanthraquinone  dissolved,  and  the  solution,  on  cooling, 
deposited  laminaî,  quite  différent  in  appearance  from  the  needles  of 
Japp  and  Miller's  compound,  and  having  a  much  higher  decomposing 
point.  The  filtrate  from  the  laminae,  as  it  gave  ofE  hydrocyanic  acid  by 
exposure  to  the  air,  deposited  a  large  quantity  of  the  acicular  compound. 
After  varions  experiments  we  found  that  the  laminar  modification 
could  be  best  prepared  by  the  followicg  method. 
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Five  grams  of  finely-powdered  phenanthraquinoue  and  5  grams  of 
anhydrous  hydrocyanic  acid  were  lieated  for  5  hours  at  60^  in  a  strong 
glass  tube,  of  test-tube  form  and  closed  by  an  india-rubber  stopper 
tightly  wired.  The  tube  was  clamped  upright  so  that  only  tho 
extrême  lower  end  dipped  into  a  beaker  of  water  heated  to  the  required 
température.  lu  this  way  a  circulation  and  reflux  distillation  of  the 
liquid  was  kept  up,  and  the  phenanthraquinone  went  into  solution.  On 
cooling,  the  liquid  deposited  colourless,  elongated,  six-sided  laminœ, 
with  bevelled  edges,  also  thick  short  prisms,  of  the  new  compound. 
After  standing  for  six  days  in  the  cold  the  liquid  was  decanted  from 
the  crystals,  which  were  then  washed  with  85  per  cent,  hydrocyanic 
acid  and  dried  in  a  vacuum  desiccator  over  sulphuric  acid.  As  the 
crystals  turned  brownish  on  the  surface  in  drying  they  were  washed 
with  chloroform  to  remove  the  regenerated  phenanthraquinone.  The 
powdered  substance  dissolved,  although  with  greater  difficulty  than  the 
acicular  modification,  in  hot  benzène,  and  was  deposited  in  slender, 
oblique  prisms,  showing  straight  extinction.  The  elongated,  six-sided 
iaminse  extinguish  at  an  angle  of  about  25°  from  the  long  axis.  When 
heated,  the  substance  did  not  décompose  until  160 — 170°  (very  much 
higher  than  the  acicular  modification),  turning  red  and  giving  off  gas, 
and  finally  melting  at  200°,  the  melting  point  of  phenanthraquinone. 
The  original  laminœ  and  thick,  short  prisms,  on  the  one  hand,  and  the 
slender  prisms  from  benzène  on  the  other,  showed  an  absolutely 
identical  behaviour  in  this  respect,  and  ail  gave  the  same  diacetyl 
derivative  (see  next  section). 

Analysis    showed  that    the    compound    had    the    composition    of   a 

,,    ,  .,       aH,-C(OH)-CN       ^      . 

plœnanttiraqiunonedihych'ocyamde,     X\^    A,/^ttv  ^.xt-       I*     is     stereo- 
^  ^        ^  '    ^H^-C(OH)-CN 

isomeric  with  the  acicular  modification. 

0-1559  gave  0-4162  COg  and  0  0554  H2O.     C  =  72-81  ;  H  =  3-94. 
0-1842     „     16-4  ce.  moist  nitrogen  at  10°  and  762  mm.    N  =  10-69. 
01850     „     17    c  c.  moist  nitrogen  at  1  4°  and  750  mm.     N  =  10-66. 
C10H10O2N.,  requires  C  =  73-28  ;  H  =  3  82  ;  N  =  10-69  per  cent. 

Analyses  I  and  II  were  made  with  the  original  substance  merely 
washed  with  chloroform  ;  analysis  III  with  the  substance  purified  by 
recrystallisation  from  benzène. 

Both  the  phenanthraquinonedihydrocyanides  are  slowly  decomposed 
by  the  moisture  of  the  air  and  rapidly  on  boiling  with  water  or  with 
alcohol.  The  latter  sol  vent  readily  dissolves  them  with  évolution  of 
hydrocyanic  acid  and  formation  of  phenanthraquinone.  This  décom- 
position, however,  does  not  occur  if  the  water  or  the  alcohol  contains 
hydrochloric  acid. 

Acetylalion  of  Laminar  PhenanthraquinonecUhydroci/anide. — The  re- 
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action  was  carried  out  as  in  the  case  of  the  acicular  compound  {vide 
sujyi^o)  using  the  same  quantities.  The  yiehl  of  unciystallised  sub- 
stance was  11  grams.  It  was  deposited  from  hot  glacial  acetic  acid  in 
long,  flat,  pointed  needles,  showing  straight  extinction,  and  melting, 
with  décomposition,  at  235 — 237^.  It  is  difficult  to  burn,  and  the 
carbon  was  determined  separately  by  combustion  of  the  substance  in 
a  current  of   moist    oxygen.      The  figures  agreed  with   the  formula 

of  a  duccetyl  denvative,  4H,.è(O.C^H30).CN- 

0  1549  gave  0-3946  COg.     C  =  69-47. 
0-1664'  „     00628  HgO.     H  =  4-19. 

0-2032     „     14  c.o.  moist  nitrogen  at  9°  and  760-5  mm.     X  =  8-23. 
CooH,,0,N2  requires  C  =  69-36  ;  H  =  4-04  ;  N  -  8-08  per  cent. 

The  diacetyl  derivatives  of  acicular  and  laminar  phenanthraquinone- 
dihydrocyanide  are  indistinguishable  in  appearance  and  optical  pro- 
perties,  so  far  at  least  as  a  l'ough  examination  in  polarised  light  is 
able  to  décide  ;  but  the  former  melts  at  255 — 256°,  the  latter  at 
235 — 237°,  and  the  mixture  of  the  two  at  about  220° — in  every  case 
with  décomposition. 


lljjdroljjsis  of  the  Pheaanthraquinonedihydroq/anides. 

Hljdrohjsis  of  Acicidar  Phenanthraquinonedihydrocyanide. — Japp  and 
Miller  [loc.  cit.)  showed  that  carbon  dioxide  is  evolved  diunng  the 
formation  of  phenanthranil  and  hydroxydihydrophenanthranil  by  the 
hydrolysis  of  acicular  phenanthraquinonedihydrocyanide  witli  cold, 
fnming  hydrochloric  acid  : — 


and 


As,  therefore,  the  évolution  of  carbon  dioxide  may  be  utilised  as  an 
index  of  the  progress  of  the  reaction,  we  attached,  in  the  majority  of 
the  experiments  which  we  made,  a  delivery  tube  to  the  flask  in  which 
the  hydrolysis  was  carried  out,  and  collected  the  carbon  dioxide  from 
time  to  time. 

In  our  first  hydrolysis  experiment  the  acicular  phenanthraquinone- 
dihydrocyanide,  prepared  as  already  described  and  dried  over  sulphuric 
acid,  was  mixed  with  an  excess  of  the  strongest  hydrochloi  ic  acid  and 
allowed  to  stand  at  the  ordinary  température  for  a  fortnight.  No 
gas  was  given  off,  and  the  substance  in  the  flask,  freed  from  hydre- 


CifiHioO^N,    +    H,0 

=     Ci,H„ON   +   CO,   +   NH3, 

Phenanthranil. 

C,,H,AN,   +   2H,0 

=     C^^HjAÎ^    +    CO2    -f    NH3 

HyJroxydiliydio- 
phenanthranil. 
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cliloric  acid,  proved  to  be  unchanged  dihydi-ocyanide.  We  therefore 
reverted  to  Japp  and  Miller's  method,  which  we  describe  in  détail, 
inasmuch  as  the  resuit  s  which  we  obtained  diiïered  somewhat  from 
theirs. 

The  freshly-prepared  hydrocyanide,  freed  as  far  as  possible  from 
adhering  aqueous  hydrocyanic  acid  by  means  of  the  filter-pump,  but 
st'dl  moist  with  this  liq^iid,  was  mixed  with  a  large  excess  of  the 
strongest  hydrochloric  acid  (the  ordinary  fnming  acid  into  which 
hydrogen  chloride  had  been  passed  to  complète  saturation)  in  a  flask 
fitted  with  a  delivery  tube.  Carbon  dioxide  was  evolved  and  was 
collected  over  mercury  in  a  tube  containing  a  little  water  so  as  to 
absorb  any  hydrogen  chloride.  Japp' and  Miller  state  that  the  évolution 
of  cai'bon  dioxide  ceases  "after  some  days."  This  is  incorrect.  The 
évolution  became  much  slower  after  about  a  week,  but  did  not  entirely 
cease  imtil  Sh  months  had  elapsed.  The  contents  of  the  flask  were 
then  diluted  with  water,  and  the  solid  matter  was  separated  by  filtra- 
tion,  digested  several  times  on  the  water-bath  with  sodium  carbonate, 
and  filtered  hot.  (Too  long  digestion  is  to  be  avoided,  as  otherwise 
the  sodium  sait  of  hydroxydihydrophenanthranil  is  decomposed  with 
séparation  of  a  brown  substance.)  After  the  treatment  with  sodium 
carbonate,  there  was  only  a  small  residue  which  proved  to  be  di- 
phenylenetartramide  (ride  infra),  whereas  Japp  and  Miller  found  a 
large  insoluble  residue  of  phenanthi^aquinone,  which  must  hâve  been 
regenei'ated  hj  the  action  of  the  hot  aqueous  carbonate  solution  on  the 
acicular  phenanthraquinonedihydrocyanide  that  had  escapcd  hydrolysis 
owing  to  the  shortness  of  the  time  during  which  the  experiment  w.as 
allowed  to  proceed.* 

The  united  sodium  carbonate  extracts  yielded,  on  acidification,  a 
copions  precipitate,  which,  after  recrystallisation  from  boiling  benzène, 
was  obtained  in   tufts   of    slender    needles  of    hj/droxydihydrophemtn- 

thranil,      i*^    *   i  ;       ''   i  melting   at   183°.     A  small  quantitv  of 

v^jjXlj'L/ll         JNi± 

C  H  *C*CO 
phenanthranil,      \^^  m    i        (m.    p.    241°),    was   obtained    from    tho 

benzène  mother  liquor  and  was  freed  from  any  hydroxydihydrophenan- 
thranil with  which  it  was  mixed  by  dissolving  it  in  sodium  carbonate 
and  digesting  the  solution  for  some  days  on  the  water-bath,  by  which 
treatment  the  sait  of  hydroxydihydrophenanthranil  is  destroyed 
with  séparation  of  a  brown  insoluble  substance.  The  filtrate  then 
gives,  on  acidifying,  a  precipitate  of  pure  phenanthranil  (compare 
Japp  and  Miller,  loc.  cit.,  p.  36). 

Although  acicular  phenanthraquinonedihydrooyanide  that  has  been 

Tliis  residue  is  not  referrcil  to  in  ihe  original  paper. — F.  R.  J. 
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jweviously  dried  is  not  hydrolysed  by  hydrochloric  acid  in  the  cold,  the 
reaction  readily  takes  place  at  a  higher  température. 

Seven  grams  of  dry  acicalar  phenanthraquinonedihydrocyanide  and 
150  ce.  of  ordinary  fuming  hydrochloric  acid  were  heated  for  40  hours 
at  80 — 90°  in  a  flask  fitted  with  an  air  condensing  tube.  The  product 
of  the  reaction  was  treated  precisely  as  in  the  previous  experiment  ; 
but  in  the  présent  case  phenanthranil  was  the  chief  product.  It 
separated  in  a  state  of  purity  from  the  benzène  solution,  whilst 
hydroxydihydrophenanthranil,  mixed  with  phenanthranil,  was  ob- 
tained  from  the  mother  liquor. 

In  this  way,  by  varying  the  température  at  which  the  hydrolysis  is 
conducted,  one  can  obtain  either  phenanthranil  or  hydroxydihydi"o- 
phenanthranil  as  chief  product. 

Japp  and  Miller  state  that  phenanthranil  and  hydroxydihydro- 
phenanthranil are  of  about  equal  solubility  in  benzène.  We  find, 
however,  that  the  latter  is  the  more  soluble. 

We  also  studied  the  action  of  alcoholic  hydrogen  chloride  on 
acicular  phenanthraquinonedihydrocyanide  and  obtained,  in  addition 
to  the  foregoing  compounds,  the  ethyl  ester  of  phenanthranilic  acid 
and  an  ethyl  derivative  of  hydroxydihydrophenanthranil. 

Twenty-four  grams  of  dry  acicular  phenanthraquinonedihydro- 
cyanide  were  mixed  with  300  grams  of  saturated  alcoholic  hydrogen 
chloride,  and  the  mixture  was  allowed  to  stand  for  3  months  in  a  flask 
fitted  with  a  mercury  safety  valve.  It  was  noticed  that  less  carbon 
dioxide  was  evolved  than  when  aqueous  hydrochloric  acid  was  used. 
The  solid  substance  was  sejjarated  by  filtration,  and  the  alcoholic 
filtrate  was  diluted  with  an  equal  bulk  of  water.  The  solid  was 
treated  with  water  to  remove  ammonium  chloride,  and  the  residue  was 
treated  several  times  with  boiling  benzène,  which  extracted  phenan- 
thranil mixed  with  a  little  hydroxydihydrophenanthranil.  The  residue 
from  the  extraction  with  benzène  was  recrystallised  from  boiling 
glacial  acetic  acid,  in  which  it  readily  dissolved  ;  the  crystals  were 
again  extracted  with  benzène,  and  the  residue  again  recrystallised 
from  glacial  acetic  acid.  The  substance  was  thus  obtained  in  slender 
transparent  prisms  melting  with  décomposition  at  274°.  It  proved  to 
be  diphenylenetartramide  combined  with  a  molécule  of  acetic  acid,  the 
latter  being  présent  either  as  solvent  of  crystallisation  or  as  salt- 
forming  acid,  but  probably  the  former,  owing  to  the  ease  with  which 
the  acetic  acid  was  expelled  on  heating  the  compound,  and  also  owing 
to  the  fact  that  the  diphenylenetartramide  was  not  found  combined 
with  hydrochloric  acid  in  the  process  in  which  it  was  fox*med.  The 
yield  was  0  8  gram.  The  compound  was  analysed  before  wediscovered 
that  it  contained  acetic  acid. 
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0-2040  gave  0-4512  CO2  and  0-0924  HoO.     C  =  60-32  ;  H  =  5-03. 
0-2118     „     13-65  ce.  moist  nitrogen  at  9°  and  764-5  mm.  N'  =  7-79. 
C^6Hii04N2,02H402  requires  C  =  60-33;  H  =  5-02;  N  =  7-82  per  cent. 

The  compound  was  heated  at  110°  until  its  weight  was  constant.  It 
lost  1  mol.  proportion  of  acetic  acid. 

0-3222  lost,  at  110°,  0-0546.     Acetic  acid  =  16-94. 

C^^^Hj^O^NgjCoH^Oo  requires  acetic  acid  =  16-76  per  cent. 

The  residue  melted  with  décomposition  at  274°,  like  the  original 
substance,  as  the  latter  had  of  course  parted  with  its  acetic  acid  of 
crystallisation  far  below  this  température.     It  was  analysed. 

0-1342  gave  0-3164  CO2  and  00570  H2O.     C  =  64-30  ;  H  =  4-71. 
0-1241     „     10-05  ce.  moist  nitrogen  at  7-5°  and  746  mm.  N  =  9-62. 
0^53^404^,  requires  C  =  64-42  ;  H  =  4-69  ;  N=  9-39  per  cent. 

The  compound  is,  therefore,  diphenylenetartramide, 
C6H4-Ç(OH)-CONH2 
C,H4-C(OH)-CONH2  * 
It  is  identical  with  the  product  obtained  by  the  action  of  cold  fuming 
hydrochloric  acid  on  acicular  phenanthraquinonedihydrocyanide  {vide 
sujira),  as  was  proved  by  a  comparison  of  the  two  spécimens  and  by 
the  mixture  melting-point  test. 

Diphenylenetartramide  is  not  chemically  altered  by  heating  with 
fuming  hydrochloric  acid  at  190 — 200°,  as  it  merely  dissolves  in  the 
hot  acid  and  crystallises  out  again  on  cooling.  It  is  therefore  évident 
that  it  cannot  be  an  intermediate  product  in  the  formation  of  phenan- 
thranil  and  hydroxydihydropheuanthranil. 

The  phenanthranil  obtained  by  the  extraction  of  the  original 
residue  with  benzène  was  freed  from  hydroxydihydropheuanthranil  by 
destroying  the  latter  compound  by  digesting  the  mixture  with  sodium 
carbonate  for  several  days  on  the  water-bath  as  described  in  the  case 
of  the  product  of  the  hydrolysis  with  aqueous  hydrochloric  acid.  It 
gave  the  correct  melting  point  of  241°,  and  was  further  identified  by 
the  mixture  melting-point  test. 

The  alcoholic  hydrogen  chloride  filtrate,  diluted  as  already  mentioned 
with  water,  deposited  a  solid  substance.  This  was  separated  by  iil- 
tratioD,  washed  with  water,  and  extracted  with  hot  sodium  carbonate, 
which  i-emoved  a  quantity  of  hydroxydihydropheuanthranil,  which  on 
reprecipitation  and  recrystallisation  from  benzène  melted  at  183°,  and 
was  further  identified  by  the  mixture  melting-point  test. 

The  residue  from  the  foregoing  sodium  carbonate  extraction,  re- 
crystallised  from  benzène,  formed  very  slender  white  needles  melting 
at  207°.     The  yield  was  0-7  gram. 
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0-1666  gave  0-4680  COo  and  0-0854  B.fi.     C  =  76-61  ;  H  =  5-69. 
0-2048     „      9-05  ce.  moist  nitrogen  at  6°  and  741  mm.     N  =5-24. 
C17H1-O0N  requires  C  =  76-98  ;  H  =  5-66  ;  N  =  5-28  per  cent. 

The  synthesis  of  this  compound,  to  he  described  later  on,  from  tbe 

sodium  sait  of  hydroxydihydrophenanthranil  and  ethyl  iodide,  and  the 

fact  that  it   is  not  hydrolysed  by  boiling   it  vvith  alcoholic  potassium 

hydi'oxide,  lead  us  to  regard  it  as  a  liydroxyethyldiliydrojjhenantliranil, 

C,H,-C(OH)-CO  .        ,  .  ,     , 

I  I  _  I  ,  in  whicn  the  ethyl  group  is  attached  to  nitrogon. 

Possibly  the  sodium   sait  of   hydroxydihydrophenanthranil  is  derived 

,  ,         /    .         ,      C,,H,-C(OH)-C-ONa 
Irom  the  tautomeric  torm  and  lias  tlie  tormula,   .1,  „     '  '       LU  ' 

or  possibly  the  side  chain  opens  in  the  formation  of  this  sait,  as  in  the 
case  of  the  metallic  salts  of  phenanthranil.  Japp  and  Miller  were 
unable  to  obtain  the  metallic  salts  of  hydroxydihydrophenanthranil 
sulîiciently  pure  to  décide  with  certainty  on  their  composition. 

The  dilute  alcoholic  hydrochloric  acid  filtrate,  from  whicli  the  furo- 
going  substance  had  been  separated  by  filtration,  ^vas  allowed  to 
evaporate  spontaneously.  As  the  alcohol  was  given  off,  a  brownish 
solid  was  deposited  ;  this  was  boiled  with  benzène,  which  did  not  dis- 
solve it,  but  left  it  white.  This  white  substance  proved  to  be  the 
hydrochloride  of  a  weak  base  ;  it  was  found  that,  by  digesting  it  with 
water  on  the  water-bath  for  lialf  an  hour,  the  whole  of  the  hydrochloric 
acid  could  be  removed.  The  basic  product  resulting  from  this  treat- 
ment  was  recrystallised  first  from  alcohol  and  afterwards  from 
benzène  ;  from  the  latter  solvent  it  is  deposited  in  slender  needles 
with  a  yellowish  tinge,  melting  at  185°,  with  décomposition,  to  a  red 
liquid  which  resolidifies  and  then  does  not  melt  even  at  290°. 

01485  gave  0-4171  CO.  and  0-0742  H2O.     C  =  76-60  ;  H  =  5-55. 
0-1868     „     8-45  ce.  moist  nitrogen  at  9°  and  733  mm.      N  =  5  24. 

CjyHijOgN  requires  C  =  76-98  ;  H  =  5-66;  N-5-28  per  cent. 
We  regard  this  compound  as  ethyl  pJteitantJiraidlate  {I0-aviinophe)i- 
authre)ie-9-carboxylate),  1^-^-'^  M  -^ru   ^    ^'  although  we  must  point  out 

that  the  fact  that  the  substance  does  not  interact  with  benzaldehyde, 
even  at  the  boiling  point  of  the  latter,  is  not  in  keeping  with  this 
foi-mula. 

When  the  foregoing  ester  (m.  p.  1 85°)  is  heated  with  aqueous  caustic 
soda,  it  dissolves,  and  on  acidifying  the  solution,  phenanthranil  is  pre- 
cipitated,  the  liberated  phenanthrunilic  acid  parting  with  Avater  and 
yielding  this  compound.  The  phenanthranil  thus  obtained  was  recrys- 
tallised from  benzène.  It  showed  the  correct  melting  point  of  241° 
and  was  further  identified  by  the  mixture  meltiug-point  test. 
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By  treating  the  foiegoing  «ster  (m.  p.  185°)  iu  the  cold  with  excess 
of  acetic  anhydride  coiitaining  a  Httle  concentrated  sulpburic  acid 
(1  drop  per  5  grams),  a  crystalline  substance  was  oLtained,  insoluble 
in  the  ordinary  organic  menstrua,  melting  at  218 — 219°,  and  yielding, 
on  analysis,  C  =  76-55,  H  =  4-4:7,  N  =  505.  Thèse  figures  do  not 
appear  to  lead  to  any  formula  that  can  be  accounted  for.  Possibly 
the  car  bon  is  too  low,  but  we  had  not  sufficient  substance  for  further 
analysis. 

An  attempt  to  synthesise  the  foregoing  ester  (m.  p.  185-')  from 
sodium  phenanthranilate  and  ethyl   iodide  yielded,  iustead,  phenanthr- 

ç\  TT  .n.p.nr'  tt 
anil  ethyl  ester,    [^'^  m  'j        -    ^  (m,  p.  110°),  derived  from  the  kctim 

form  of  phenanthranil  [vide  infra). 

Hijdrohjsis  of  Laminar  PltenanikraquinonedUtijdrocyanide. — In  tlie 
case  of  this  substance  only  the  hydrolysis  with  aqueous  hydrochloric 
acid  was  studied.  At  the  ordinary  température  fuming  hydrochloric 
acid  had  no  action  whatever.  It  was  necessary  to  beat  the  finely- 
powdered  substance  with  the  fuming  acid  at  100°  iu  order  to  obtain 
any  resuit.  Only  a  small  quantity  of  j^heuantlirunil  and  hydroxydi- 
liydrojihenanthranil  could  be  isolated  from  the  product.  Dark-coloured, 
resinous  matters,  insoluble  in  sodium  carbonate,  were  formed  in  con- 
sidérable amount. 

Uydroxydihydrophenantliranil, 
ç,H,.V(OH).ÇO  VoHA;(OH).C.OH 
C,H,-CH— ^^H  C,H,-CH N  ^    ^  ' 

Acetylhydroxydihydropltencmthranil,      J^'    ^   J     i    ^  tt  /-.    (^"-  !'• 

190 — 192^,  with  décomposition). — One  gram  of  hydroxydihydrophen- 
anthranil,  6  grams  of  acetic  anhydride,  and  1  drop  of  concentrated 
sulphuric  acid  were  allowed  to  interaet  in  the  cold  for  3  vveeks.  The 
solid  was  filtered  off,  washed  with  a  little  cold  glacial  acetic  acid,  and 
recrystallised  from  boiling  alcohol.  It  forms  small  white  needles  melt- 
ing at  190 — 192°  with  décomposition.     The  yield  was  almost  1  gram. 

0-1826  gave  0-4904  CO,,  and  0-0792  H.,0.     G  =  73 -24  ;  H  =  4-81. 
0-1460     „      6-2  ce.  moist  nitrogen  at  6°  and  751  mm.     N  =  5-10. 
CiyHjgOgN  requires  C  =  73-11  ;  H  =  4-65  ;  N  =  5-01  per  cent. 

The  compound  is  therefore  a  monacetyl  derivative  of  hydroxydi- 
hydrophenanthYanil.  The  acetyl  group  replaces  the  hibile  hydrogen 
atom,  as  the  compound  does  not  dissolve  in  sodium  carbonate.  On 
long  digestion  with  sodium  carbonate  solution  on  the  water-bath,  how- 
ever,  it  is  decomposed  with  séparation  of  the  brown  amorphous 
substance    which    hydroxydihydrophenanthranil    yields  under   similar 
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circumstances,  the  décomposition  being,  in  the  présent  case,  doubtless 
preceded  by  the  hydrolysis  of  the  acetyl  derivative. 

CH-aH, 

/\ 

o     o 

Ç\    TT     ,p  Ci 

Benzylidenehydroxydihydrophenanthranil,         \^^  nu  -11       ('^^       P' 

245 — 246°  with  décomposition). — Half  a  gram  of  hydroxydihydro- 
phenanthranil  was  boiled  for  3  minutes  in  a  test-tube  with  2  grams  of 
benzaldehyde.  Water  was  given  off.  Alcohol  was  then  added  and 
the  mixtui'e  digested  for  some  time.  The  crystalline  substance  which 
separated  was  recrystallised  froni  boiling  glacial  acetic  acid,  from 
which  it  was  deposited  in  clusters  of  very  slender  white  needles  melt- 
ing  at  245 — 246°  with  décomposition,  evolving  gas  and  turning  yellow. 
It  is  very  sparingly  soluble  in  alcohol  and  in  benzène,  and  does  not 
dissolve  in  sodium  carbonate  or  sodium  hydroxide  even  on  long  heating. 

0-1702  gave  0-5018  CO2  and  0-0728  HgO.     C  =  80-40;  H  =  4-75. 
0-2585     „      9-35  ce  moist  nitrogen  at  7°  and  766  mm.     N  =  4-36. 
C^jHisO^N  requires  C  =  81-23;  H  =  4-61  ;  N  =  4-30  per  cent. 

The  compound  is  thus  the  benzylidene  derivative  of  hydroxydihydro- 
phenanthi-anil. 

Phenanthranil,  on  the  contrary,  is  not  acted  on  by  benzaldehyde  at 
the  boiling  point  of  the  latter. 

Synthesis  of  Hydroxyethyldihydrophenanthran  il, 
Ç6H,-C(0H)-C0 

(m.  p.  207°). — As  the  salts  of  hydroxydihydrophenanthranil  are  very 
unstable,  we  thought  it  better,  instead  of  attempting  to  prépare  its 
sodium  sait  and  acting  on  this  with  ethyl  iodide,  to  employ  the  method 
of  alkylation  devised  by  Japp  and  Kliogemann  (Trans.,  1888,  63, 
526 — 527)  to  meet  such  cases. 

One  and  a  half  grams  of  hydroxydihydrophenanthranil  and  4*8 
grams  of  ethyl  iodide  were  dissolved  in  absolute  ethyl  alcohol,  the 
solution  was  boiled  in  a  flask  fitted  with  a  reilux  condenser,  and  a 
solution  of  0-7  gram  of  sodium  in  absolute  alcohol  was  allowed  to  fall 
drop  by  drop  into  the  boiling  liquid.  The  boiling  was  continued  for 
3i  hours.  The  solution  was  cooled,  diluted  with  water,  and  extracted 
with  ether.  The  ethereal  extract  was  freed  from  a  small  quantity 
of  unchanged  hydroxydihydrophenanthranil  by  shaking  it  with 
sodium  carbonate  solution,  and  a  further  quantity  of  the  same 
compound  was  precipitated  on  acidifying  the  extracte  l  aqueous 
alcoholic  solution,  0-4  gram  of  unchanged  substance  in  ail  being 
thus  recovered.     Tlie  ethereal  extract  yielded,  on  evaporatiou,  hydroxy- 
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eihijldihydrophenantliranil^  which  crystallised  from  boiling  benzène 
in  slender,  white  needles  melting  at  207°.  It  was  proved  by  the 
mixture  melting-point  test  to  be  identical  with  the  substance  of 
the  same  melting  point  obtained  by  the  action  of  alcoholic  hydrogen 
chloride  on  acicular  phenanthraquinonedihydrocyanide. 

0-2000  gave  0-5633  COg  and  0-1029  H^O.     C  =  76-77  ;  H  =  5-71. 
C17H15O2N  requires  0  =  76-98  ;  H  =  5-66. 

As  already  mentioned,  the  compound  is  not  hydrolysed  by  boiling  it 
with  alcoholic  potassium  hydroxide.  We  also  ascei'tained  that  boiling 
benzaldehyde  is  without  action  on  it. 

Acetyl  Derivative  of  Hydroxyethyldïliydrophenanthranil, 

CgH^-CH— ^ N-CaHs 

(m.  p.  148 — 1-1 9°). — One  gram  of  hydroxyethyldihydrophenanthranil 
(m.  p.  207°),  10  grams  of  acetic  anhydride,  and  1  drop  of  concentra ted 
sulphuric  acid  were  allowed  to  stand  in  the  cold.  At  first  the 
substance  dissolved,  but  afterwards  the  liquid  became  filled  with 
crystals.  At  the  end  of  a  fortnight  the  solid  was  separated  by  filtra- 
tion  ;  the  filtrate,  diluted  with  water,  yielded  a  further  quantity  of 
the  same  product,  the  total  yield  being  0-8  gram.  The  substance  was 
purified  by  dissolviug  it  in  benzène  and  adding  light  petroleum,  when 
it  séparâtes  in  very  slender,  silky  needles  melting  constantly  at 
148—149°. 

0-1674  gave  0-4548  00^  and  0-0847  HgO.     0  =  7409  ;  H  =  5-62. 
0-2544     „     10-00  ce.  moist  nitrogen  at  15-5°  and  756  mm.  N  =  4-56. 
C19H17O3N  requires  0  =  74-26;  H  =  5-53;  N  =  4-56  per  cent. 

Hydrolysis  of  Hydroxydihydrojjhenanthranil  with  Fuming  Hydro- 
chloric  Acid. — Three  sealed  tubes,  each  containing  2  grams  of  hydroxy- 
dihydrophenanthranil  with  50  ce.  of  fuming  hydrochloric  acid,  were 
heated  for  6  hours  at  130°.  There  was  pressure  in  the  tubes  on  opening. 
The  fused  mass  of  organic  substance  was  powdered  and  extracted  with 
ether.  The  othereal  solution  was  shaken  with  dilute  sodium 
hydroxide,  and  the  sodium  hydroxide  solution,  heated  to  expel  ether 
and  tlien  filtered,  was  saturated  with  carbon  dioxide.  A  phenolic 
substance  was  thus  precipitated  which,  after  recrystallisation  from  hot 
benzène,    formed    brownish    needles    melting    at     151 — 153°.      The 

O  TT   .PTT 

properties  were  those  of  9-hydroxyphenanthrene,  I^-^t^  M  /-wtt  '  ^^^'^  ^^^ 

OgH^'L'Uxl 

meltiog  point  was  not  altered  by  mixing  it  with  a  spécimen   of  this 

compound    prepared    by    Japp    and    Klingemann    (Trans.,    1893,   63, 

770)  by  the  partial   réduction   of   phenanthraquinone  with   hydriodic 

acid. 

VOL.   LXXXVll.  3   B 
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0-1601  gave  0-5051  CO,  and  0-0751  Hp.     C  =  86-04;  H  =  5-21. 
Cj^HjoO  requires  C  =  86-60  ;  H  =  5-16  per  cent. 

It  was  further  identified  by  mixing  its  hot  benzène  solution  with  a 
similar  solution  of  phenanthraquinone.  The  mixed  solution  deposited, 
on  cooling,  ruby-red,  lozenge-shaped  crystals  of  the  compound 
^28-'^i8^3'  liielting  at  155°  (compare  Japp  and  Findlay,  1897,  71, 
1121). 

The  ethereal  solution  from  which  the   9-hydroxyphenanthrene  had 
been    removed    by    sodium    hydroxide    yielded,    on    evaporation,   a 
substance,  which,  after  recrystallisation  from  benzène,  formed  crystals 
melting  at  209°.     This  proved  to  be  'è-2)henanthryl  oxide, 
96H4'CH    HC-CgH^ 
C,H,-C~0-C-C,H, 
(m.  p.  210°). 

It  was  identified  by  a  comparison,  includiog  the  mixture  melting- 
poinfc  test,  with  the  original  spécimen  of  this  substance  prepared  by 
Japp  and  Findlay  iloc.  cit.,  p.  1119).  Examined  microscopically,  both 
spécimens  appeared  as  rhomboidal  plates  with  an  acute  angle  of  about 
66"^  and  with  extinction  parallel  to  the  diagonal. 

The  residue,  which  remained  after  the  extraction  of  the  original 
product  of  hydrolysis  with  ether,  was  recrystallised  from  boiling  coal 
oil  (b.  p.  170 — 190°).  It  was  thus  obtained  in  clusters  of  colourless 
slender  needles  melting  at  305*^  and  was  identified  as  ietraphenylene- 

ç\  TT  .ri P>P  TT 

furfuran,    i  ^  /  m       m   i  "  _^  ,  both  by  the  mixture  melting-point  test 

O 
and  by  the   colour   reaction    with   concentrated   sulphuric   acid   and 
sodium  nitrite  (compare  Japp  and  Findlay,  loc.  cit.,  p.  1120). 

Flieiianthranil, 

C  H  'C'CO 

Acetylphenanthranil,    i*^^'*  M  tIt  r>(  tt  r,  (^-  P-   145^). — The  acetyla- 

tion  was  carried  out  with  acetic  anhydride  containing  a  small  quantity 
of  concentrated  sulphuric  acid,  exactly  as  in  the  acetylation  of 
hydroxydihydrophecanthranil  {vide  supra)  and  using  the  same  pro- 
portions. The  product  was  crystallised  from  hot  alcohol,  in  which  it 
is  readily  soluble.  It  formed  clusters  of  slender,  silky  needles  melt- 
ing at  145°.  It  does  not  dissolve  in  sodium  carbonate  solution,  even 
at  100°.  Analysis  showed  that  a  monacetyl  derivative  had  been 
formed. 
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0-1634  gave  0-4660  COg  and  0-0624  H,0.  C  =  77-77  ;  H  =  4-24. 
0-1716  „  0-4930  COo  „  0  0666  k'o.  C  =  78-35  ;  H  =  4-31. 
0-2186     „     9-05  ce.  moist  nitrogen  at  6°  and  759  mm.     N  =  5-03. 


Lactiiit  Ester  of  Pheuantltranil  [Pheiianthranil  Ethyl  Ester), 
C,H/C-C-OC.,H- 

I  0       4    I  I     I  I  -!       o 

(m.  p.  110°). — Sodium  phenanthi-anilate,    l'*„^  \-\  ^^i      ,4HoO,     was 

prepared  by  dissolving  phenanthranil  in  a  hot  solution  of  sodium 
carbona'e;  on  cooling,  the  liquid  deposited  laminas  of  tbe  sait.  It  was 
dried  at  110^  to  expel  watei-  of  crystallisation.  The  dried  sait, 
togethev  witb  an  excess  of  ethyl  iodide,  was  dissolved  in  absolute 
alcohol,  and  the  mixture  was  boiled  for  3^  hours.  Dilution  with 
water  precipitated  a  white  substance  ;  this  was  filtered  olï  and  digested 
with  warm  sodium  carbonate,  which  removed  a  little  phenanthranil. 
The  residue  was  recrystallistd,  tirst  from  alcohol  and  afterwards  froni 
light  petroleum  (sp.  gr.  0-71 — 0-72).  It  was  thus  obtained  in  slender 
needles  melting  at  110°.  It  is  very  soluble  both  in  alcohol  and  in 
benzène. 

0-1342  gave  04064  CU^  and  0-0662  H.,0.     0  =  8259  ;  H  =  5-48. 
0-2256     „     11-25  ce.  moi.-t  nitrogen  at  11 -5° and  758  mm.  N  =  5  92. 
Ci^Hi30N  requires  C  =  82-59  ;  H  =  5-26  ;  N  =  5-66  per  cent. 

An  attempt  to  acetylate  the  compound  with  acetic  anhydride  con- 
taining  a  little  sulphuric  acid  gave  no  resalt. 

A  portion  of  the  compound  was  digested  on  the  water-bath  in  a 
silver  basin  with  a  20  per  cent,  solution  of  potassium  hydroxide  in 
absolute  alcohol,  renewing  the  alcohol  as  requii-ed.  The  alcohol  was 
then  expelled,  water  was  added,  and  the  mixture  was  digested  and 
filtered  hot  from  the  insoluble  residue.  The  hot  filtrate  was  acidified 
and  the  precipitate  recrystallised  from  benzène.  Needles  of  phen- 
anthranil {m.  p.  24P)  were  thus  obtained.  The  insoluble  residue, 
separated  by  filtration  from  the  potassium  hydroxide  solution,  was 
crystallised  from  benzène  ;  it  was  thus  obtained  in  slender  needles 
melting   at    207^,    and    was    identical    with    the   hydroxyethijldihydro- 

phenanthranil,  ,'",_*   i  ^t        tIt  a.  tt  >  already  described,  as  was  proved 

by  the  mixture  melting-point  test.  The  lactim  ester  of  plienanthranil 
is  thus  pcirtly  hydrolyseil  to  phenanthranil,  and  partly  transformed  by 
migration  of  the  ethyl  group  and  assumption  of  the  éléments  of  water 
into  hydroxyethyldihydrophenanthranil. 

The  latter  resuit  was  so  surprising  that   we  repeated  the  entire 

3  B  2 
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experiment,  prepai^ing  the  lactim  ester  of  phenanthranil  from  a 
spécimen  of  phenanthranil  which  had  been  purified  by  digesting  it  for 
S9veral  days  on  the  water-bath  with  a  solution  of  sodium  carbonate 
and  from  which,  consequently,  every  trace  of  hydroxydihydrophen- 
anthranil  must  hâve  been  removed  by  the  destruction  of  this  compound. 
The  resuit,  however,  was  the  same  as  before. 

The  only  alternative,  so  far  as  \ve  can  see,  to  assuming  a  migration 
of  the  ethyl  gi-oup  from  carbon  to  nitrogen  in  a  portion  of  the  lactim 
ester  is  to  suppose  that  the  latter  substance  is  in  reality  a  mixture 
of  the  0-ethyl  and  iV-ethyl  derivatives  of  phenanthranil,  the  former 
being  hydrolysed  by  the  caustic  alkali  to  phenanthranil,  and  the 
latter  taking  up  the  éléments  of  water  to  form  the  hydroxyethyl- 
dihydrophenanthranil.  The  lactim  ester  of  phenanthranil,  how- 
ever, shows  no  sign  of  being  other  than  a  perfectly  homogeneous 
substance. 

\Ve  also  digested  a  spécimen  of  hydroxyethyldihydrophenanthranil 
(m.  p,  207°),  prepared  from  hydroxydihydrophenanthranil,  ethyl  iodide, 
and  sodium  ethoxide  {vide  supra),  for  31  hours  with  20  per  cent, 
alcoholic  potassium  hydroxide  on  the  water-bath,  The  hydroxyethyl- 
dihydrophenanthranil  was  recovered  unchanged,  and  the  potash 
solution,  treated  as  in  the  experiment  just  described,  gave  no  precipi- 
tate  on  acidifying. 

Ilydrolysis  of  Phenanthranil  with  Fuming  Hydrochloric  Acid. — 
Unlike  hydroxydihydrophenanthranil,  phenanthranil  is  not  acted  on 
by  fuming  hydrochloric  acid  at  130°.  At  a  température  of  160 — 170°, 
however,  ^hydroxyphenanthrene,  was  formed,  and  Avas  identified  by  its 
properties  and  by  the  mixture  melting-point  test.  As  the  quantity  of 
phenanthranil  which  we  could  spare  for  the  experiment  was  small,  we 
did  not  search  for  the  other  products  obtained  from  hydroxy- 
dihydrophenanthranil. 

The  production  of  9-hydroxyphenanthrene,  both  from  phenanthranil 
and  from  hydroxydihydrophenanthranil,  is  of  importance,  inasmuch  as 
it  proves,  as  already  pointed  out,  that  both  thèse  compounds  contain 
the  phenanthrene  nucleus. 

Distinction  between  Phenanthranil  (m.  p.  241°)  and  Hydroxydihydro- 
phenanthranil (m.  p.  183°). — Both  phenanthranil  and  hydroxydihydro- 
phenanthranil crystallise  from  benzène  in  slender  needles,  the  former 
being  the  less  soluble.  The  two  substances  are  very  similar  in  appear- 
ance.  In  addition  to  the  melting  points,  the  following  différences  may 
be  noted.  In  polarised  light  the  needles  of  ])henanthranil  show 
straight  extinction  ;  those  of  hydroxydihydrophenanthranil  oblique 
extinction  at  an  angle  of  'about  13°  from  the  long  axis.  Phenanthr- 
anil does  not  dissolve  in  cold  concentrated  sulphuric  acid,  but,  on  warm- 
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ing,  dissolves  slowly,  yielding  a  grass-green  solution.  Hydroxy- 
dihydrophenanthranil  dissolves  in  cold  concentrated  sulphuiic  acid 
giving  a  light  yellow  solution  wliich  is  unaltered  on  warming. 

Chemical  Department, 

University  of  Aberdeex. 


LXIX. — A  Condensation  Product  of  Mandelonitrile. 

By  Francis  Robert  Japp,  F.R.S.,  and  Joseph  Knox,  B.Sc,  Carnegie 
Scholai'  in  the  University  of  Aberdeen. 

By  saturating  a  solution  of  mandelonitrile  (benzaldehydecyanhydrin) 
in  absolute  ether  with  gaseous  hydrogen  chloride,  Minovici  {IJer.,  1899, 
32,  2206)  obtained  a  yellow  compound  of  the  formula  C^^Hp^ONo  : — 

20,ÏÏ5-CH(OH)-CN   =    CieH^gON,    +    H^O. 

Minovici  found  the  melting  point  of  this  substance  at  200 — 203°. 
It  was  not  hydrolysed  by  heating  either  with  potassium  hydroxide 
or  with  hydrochloric  acid.  It  formed  an  unstable  hydrochloride,  whieh 
was  at  once  decomposed  in  contact  with  water  or  alcohol,  liberating  the 
base.     The  author  suggests,  as  a  possible  constitution, 

C,H5-CH(CN)-C(0H)(CN)-C,H,, 
but  admits  that  this  formula  is  not  in  keeping  with  the  reactions  of 
the  compound. 

Minovici  has  failed  to  notice  that  this  compound  is  identical  with 
a  substance  which  Japp  and  Miller  (Trans.,  1887,  51,  29)  obtained, 
along  with  other  products,  by  dissolving  benzil  in  alcohol,  adding  a 
considérable  excess  of  anhydrous  hydrocyanic  acid,  and  saturating  the 
liquid  with  gaseous  hydrogen  chloride.  They  point  out  that  the  com- 
pound contains  in  its  molécule  an  atom  of  oxygen  less  than  benzil- 
dihydrocyanide : 

Cj,Hi20,N,   =   Ci6Hi20î^,    +   O, 

but  they  were  unable  to  prépare  the  substance  by  the  action  of  alcoholic 
hydrogen  chloride  on  pure  benzildihydrocyanide.  They  found  the 
melting  point  at  196 — 197°.     The  yield  was  very  small. 

Minovici's  reaction  explains  the  mode  of  formation  of  this  substance 
in  the  process  described  by  Japp  and  Miller.  Under  tlio  influence  of 
the  alcoholic  hydrocyanic  acid  a  portion  of  the  benzil  is  converted  into 
a  mixture  of  benzaldehyde  and  etliyl  benzoate  (compare  Michael  and 
Palmer,  Amer.   Chem.  J.,  1885,  7,   189);  and  the   benzaldehyde  then 
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interacts  with  tbe  bydrocyanic  acid  to  form  maudelonitrile,  Avhich  is 
finally  transformed  by  the  hydrogen  chloride  into  the  compound 
CigHjoONg,  as  in  Minovici's  reaction.  The  formation  of  ethyl  benzoate 
was  observed  by  Japp  and  Miller  {loc.  cit.). 

A  careful  comparison  of  the  substance  obtained  by  Minovici's 
method  with  one  of  Japp  and  Miller's  original  pi'eparations  showed 
that  the  two  were  identical.  We  confirmed  in  both  cases  the  raelting 
point  196—197°  given  by  Japp  and  Miller.     Minovici  gives  200—20.3°. 

The  reactions  of  the  compound  lead  us  to  regard  it  as  o-keto-2  :  5- 
diphenyl-3  :  i-dilnjdro-l  :  i-dlazine,  formed  according  to  the  schéma 

N 
/% 

C,H--Cïï-OH  "^  N==C  -       ~    OM.'C       CO        * 


It  is  somewhat  difficult  to  give  an  aecount  of  the  précise  mechanism 
of  the  process  in  which  the  substance  is  produced,  and  we  therefore 
confine  ourselves  to  stating  the  reaction  in  the  foregoing  summary 
form. 

The  ketonic  formvila  appears  more  probable  than  the  tautomeric 
enolic  form,  because  the  former  accounts  better  for  the  facts  (1)  that 
the  compound  cannot  be  acetylated,  and  (2)  that,  when  it  is  reduced 
with  hydriodic  acid,  the  oxygen  atom  is  replaced  by  2  atoms  of  hydro- 
gen ;  .whereas,  if  a  hydi^oxyl  group  were  replaced  by  a  hydrogen  atom, 
the  resulting  diazine  would  not  be  further  reduced.  As  regards  the 
latter  point,  Staedel  and  Kleinschmidt,  it  is  true,  claim  to  hâve  reduced 
2  :  5-diphenyl-l  :  4-diazine  ("  î'soindole  ")  by  the  action  of  hydriodic  acid 
to  a  yellow,  basic  compound  {Ber.,  1878,  11,  1746);  but  we  hâve 
entirely  failed  to  confirm  this  resuit  (vide  infra). 

We  find  that  when  the  condensation  compound  is  distilled  with  zinc 

N 

/% 
TTC       C'O  TT 

dust,    it   is   reduced    to    1:b-dipheiiyl-\ 'A-dmz'me,   p  tt  .M       Ati*^     ' 

'     '    \^ 

N 

(m.  p.  194 — 195°),  a  compound  first  obtained  by  Staedel  and  Riigheimer 
by  the  action  of  ammonia  on  w-chloroacetophenone  [Ber.,  1876,  9,  563), 
but  of  which  the  correct  composition  and  constitution  were  ascertained 
later  by  L.  Wolff  {Ber.,  1887,  20,  432).* 

*  Wolff.  however,  in  accordance  with  tlie  view  at  that  time  prevailing  on  the 
subject  of  the  constitution  of  diazines  of  this  type,  fovmulated  the  compound  with 
a  para-bond  between  the  two  nitiogen  atoms. 


A    CONDENSATION    PRODUCT   OF    MANDELONITRILE.  703 

If,  on  the  other  hand,  the  condensation  compound  is  reduced  by 
heating  ifc  witli  hydriodic  acid  and  red  phosphorus,  it  yields  a  com- 
pound of  tlie  formula  Cj(.Hj^N'2  (m.  p.  162 — 163°),  which  we  regard 

N 

/% 
TTC'       P*r*  TT 

as      2  :  5-diphen)jl-3  :  i-dihydro-l  :  i-diazine,       ^,  ^r    M      Att''    ^' 


NH 

That  it  is  not  a  1  :  4-dihydro-compound  is  indicated  by  the  fact  that  on 
distillation  it  does  not  part  with  hydrogen  yielding  2  : 5-diphenyl- 
1  : 4-diazine.     We  were  unable  to  acetylate  this  substance. 

Of  the  numerous  reactions  which  we  tried  with  the  condensation 
produet,  only  the  two  foregoing  gave  positive  results. 

Attempts  to  obtain  the  condensation  produet  by  acting  on  mandelo- 
nitrile  with  other  dehydrating  agents  did  not  give  the  desired  resuit. 
Thus  acetic  anhydride  to  which  a  few  drops  of  sulphuric  acid  had  been 
added  converted  mandelonitrile  in  the  cold,  with  libération  of  hydro- 
cyanic  acid,  into  a  compound  melting  at  239 — 240^  and  having  the 
formula  C2-H2,.OgN2.  The  yield  of  this  substance  is  greatly  increased 
by  previously  adding  to  the  mandelonitx'ile  half  its  molecular  propor- 
tion of  benzaldehyde.     It  is  formed  according  to  the  équation  : 

2C6H,-CH(OH)-CN  +  C^Hj-CHO  -f  (C2ÏÏ30)20  =  C2rH2606N"2, 

and  its  constitution  may  be  represented  by  the  formula 

C,H5-CH[NH-CO-CH(0-C2H30)-C6H5]2. 

The  reaction  in  which  it  is  formed  is  thus  analogous  to  that  discovered 
by  Hepp  and  Spiess  {Ber.,  1876,  9,  1425)  in  which  acetaldehyde  and 
benzonitrile,  under  the  influence  of  concentrated  sulphuric  acid,  yield 
ethylidenedibenzamide,  CH3'CH(NII'CO'CgH5).3.  Heated  with  water 
at  180°  the  compound  C27H26OQN2  was  hydi'olysed,  yielding  benzalde- 
hyde, mandelic  acid  and  acetic  acid. 

Expérimental. 

N 

/% 
HC       C'C  H 

Z-Keto-2  :  b-dij^henyl-'^  :  i-dihydro-l  :  4:  diazine,  ^  -,,-    M       r^^^    '" 

\/ 
NH 
(m.  p.  196—197°). 

Comparison  of  the  Compound  Ojj.HjoON'j  obtained  hy  MinovicVs 
Method  with  that  described  by  Japp  and  II Hier. — We  prepared  a  quan- 
tity  of  the  compound  CigH^jONo  by  Minovici's  method  of  saturating 
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a  solution  of  mandelonitrile  in  ahsolute  ether  with  gaf-eous  hydrogen 
chloride  {Ber.,  1899,  32,  2206).  The  product  was  purified  by  boiling 
it  in  alcoholic  solution  with  animal  charcoal  and  afterwards  recrystal- 
lising  it  repeatedly  from  alcohol.  It  was  compared  with  a  spécimen  of 
the  substance  of  the  same  formula  prepared  by  Japp  and  Miller  from 
benzil  by  the  method  already  described. 

Both  préparations  melted  at  196 — 197°,  and  showed  no  dépression 
of  melting  point  when  mixed.  Both  crystallised  in  flat,  pointed, 
lustrons,  yellow  needles  showing  straight  extinction.  Both  dissolved 
in  concentrated  sulphuric  acid  giving  an  orange-yellow  coloration. 
They  were  therefore  identical. 

Both  products  had  been  previously  analysed  by  their  discoverers. 

We  bave  already  given  our  reasons  for  assigning  to  the  compound 
the  constitution  of  a  ^-keto-2  :  5-diphe7iyl-3  :  4:-dihydro-l  :  i-diazine. 

As,  of  the  two  methods  for  preparing  the  compound,  that  of  Minovici 
is  both  the  simpler  and  gives  the  better — although  a  far  from  satis- 
factory — yield,  it  was  employed  in  obtaining  the  material  required  for 
the  following  reactions. 

The  compound  could  not  be  acetylated  either  by  boiling  it  for  several 
hours  with  excess  of  a  mixture  of  acetic  anhydride  and  anhydrous 
sodium  acétate,  or  by  allowing  it  to  stand  in  the  cold  with  acetic 
anhydride  containing  a  few  drops  of  concentrated  sulphuric  acid,  nor 
did  it  yield  a  nitroso-derivative  on  adding  solid  sodium  nitrite  to  its 
solution  in  glacial  acetic  acid. 

Distillation  of  the  Comjyound  Ci^H^pN^  (m.  p.  196—197°)  with 
Zinc  Dust  :  Formation  of  2  :  5-Dij)heni/l-l  :  A-diazine, 

N 


HC      C-CeH^ 
CgH^-C      CH 

\^ 
N 
— Eight  grams  of  the  compound  Cj^Hj^ON.,  were  distilled  with  zinc 
dust  in  four  portions — 2  grams  of  substance  mixed  with  20  grams  of 
zinc  dust  being  used  for  each  distillation.  The  united  alcoholic  extracts 
of  the  distillâtes  were  concentrated,  and  the  solution  was  nucleated 
with  a  trace  of  dust  of  2  :  5-diphenyl-l  :  4-diazine,  prepared  by  the 
action  of  alcoholic  ammonia  on  w-bromoacetophenone  (Staedel  and 
Kleinschmidt,  Ber.,  1880,  13,  836;  compare  also  Braun  and  Victor 
Meyer,  Ber.,  1888,  21,  1279).  The  impure  crystalline  substance 
which  was  thus  deposited  was  washed  with  cold  ether  and  recrystal- 
lised  thrice  from  boiling  alcohol.  It  melted  constantly  at  194 — 195°. 
The  quantity  was  unfortunately  too  small  for  analysis,  but,  as  the 
properties  of  the  substance  pointed  to  its  being  2  : 5-diphenyl-l  :  4- 
diazine,  we  identified  it  by  comparison  with  a  spécimen  of  the  latter 
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compound  prepared  by  Staedel  and  Kleinschmidt's  method  just  referred 
to.  Both  préparations  consisted  of  yellow,  lusti'ous  crystals,  which, 
under  the  microscope,  appeared  as  broad,  flat,  pointed  prisms  showing 
straight  extinction,  or  four-sided  plates,  frequently  overlapping,  ex- 
tinguishing  parallel  to  the  diagonal.  Both  tnelted  at  194 — 195°,  and, 
when  mixed  together,  showed  no  dépression  of  melting  point.  Both 
dissolved  in  concentrated  sulphuric  acid  with  a  reddish-yellow  colour, 
and  Avere  precipitated  on  diluting  the  solution  with  water. 

The  substance  is  therefore  2  : 6-dipheni/l-\  :  i-diazhie. 

Réduction   of  the    Compound   C^^H^oONo    (m.    p.    196—197°)    with 

Hydriodic  Acid  :  Formation  of  2  :  b-Dvpihenyl-^  :  \-dihydro-\  :  i-diazine, 

N 
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M      AtT*'    ^  • — Two  grams  of  the  compound  Cj,.HioON.„  20  grams 


NH 

of  hydi'iodic  acid  (sp.  gr.  1*7),  and  05  gram  of  red  phosphorus  were 
heated  in  a  sealed  tube  at  200°  for  6  hours.  There  was  great  pressure 
on  opening  the  tube,  which  contained  a  brittle  black  mass.  The  con- 
tents of  the  tube  were  diluted  with  water,  the  acid  liquid  was  decanted, 
and  the  remaining  black  solid  was  shaken  with  ether,  in  which  it 
entirely  dissolved.  The  ethereal  solution  was  shaken  with  an  aqueous 
solution  of  sulphur  dioxide,  which  caused  the  séparation  of  a  brown 
oil  ;  this  was  run  off  ;  it  solidified  on  standing.  The  solid  was 
digested  on  the  water-bath  with  a  solution  of  sodium  carbonate,  and 
purified  by  crystallisation  from  benzène  with  the  addition  of  light 
petroleum.  It  was  thus  obtained  in  slender,  white  needles  melting  at 
162 — 163°.  A  further  quantity  of  the  same  compound  was  obtained 
from  the  ethereal  solution. 

Analysis  gave  figures  agreeing  with  the  formula  of  2  :  5-diphenyl- 
3  :  ^-dihydro-\  :  ^:-diazine  : — 

0-1792  gave  0-5349  CO.^  and  0-0985  H.p.     C  =  81-40  ;  H  =  6-10. 
0-2569     „     25-6  ce.  moist  nitrogen  at  13°  and  770  mm.     N  =  11-94. 
Cie^uNg  requires  0  =  82  05;  H  =  5-98;  ]Sr  =  11-96  per  cent. 

In  a  préviens  réduction  experiment  in  which  the  same  proportions 
were  employed  and  the  tube  was  also  heated  for  6  hours,  but  at  a 
température  of  only  150°,  there  was  obtained,  along  with  the  fore- 
going  product,  a  substance  which  crystallised  from  benzène,  on  addition 
of  light  petroleum,  in  slender,  white  needles  melting  at  182 — 184°. 
It  contained  iodine,  which  was  not  removed  on  adding  aqueous 
sodium  hydroxide  to  an  alcoholic  solution  of  the  substance.  It  was 
not  further  examined. 
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2  :  5-Diphenyl-3  :  4-dihyclro-l  :  4-diazine  was  distilled  under  reduced 
pressui-e  in  the  hope  that  it  might  part  with  hydrogen  and  yield 
2  :  5-diphenyl-l  :  4-diazine  ;  but  only  unchanged  substance  could  be 
isolated  from  the  distillate. 

An  attempt  to  acetylate  it  by  allowing  it  to  stand  at  the  ordinary 
température  with  acetic  anhydride  to  which  a  few  drops  of  sulphuric 
acid  had  been  added,  also  led  to  no  result.  The  substance  was  re- 
covered  unchanged. 

Attempt  to  reduce  2  :  5-Diphenyl-l  :  i-diazine. — Staedel  and  Klein- 
schmidt  {Ber.,  1878,  11,  1746)  state  that  "isoindole"  (2  :  5-diphenyl- 
1  :  4-diazine)  can  be  reduced  with  hydriodic  acid  to  a  yellow  basic 
compound  melting  at  125°  which  yields  an  acetyl  derivative  crystal- 
Hsing  in  clear  yellow  needles  melting  at  190°.  N"o  analyses  are  given, 
and,  so  far  as  we  can  discover,  nothing  f urther  has  ever  been  published 
on  the  subject. 

In  view  of  the  well-known  difficulty  of  reducing  paradiazines,  we 
thought  it  of  interest  to  test  the  correctness  of  the  foregoing  state- 
ments.  We  therefore  heated  2  :  5-diphenyl-l  :  4-diazine  (prepared  by 
the  action  of  alcoholic  ammonia  on  w-bromoacetophenone)  with  excess 
of  hydriodic  acid  (sp.  gr.  1"7)  and  red  phosphorus  for  6  hours  at  200°. 
The  tube  contained  a  dark  mass,  from  which  we  succeeded  in  isolating 
a  very  small  quantity  of  a  yellowish-brown,  non-basic  oil,  which  could 
not  be  induced  to  crystallise.  Nearly  the  Avhole  of  the  diazine  was 
recovered  unchanged. 

Action  of  Acetic  Anhydride  containing  a  little  Sulphuric  Acid  on  a 
Mixture  of  Benzaldeliyde  and  Mandelonitrile. — In  the  first  experiment 
in  which  the  substance  about  to  be  described  was  obtained,  no  benzal- 
dehyde  was  added  to  the  mixture,  a  part  of  the  mandelonitrile 
breaking  up  in  the  process  into  benzaldehyde  and  hydrocyanic 
acid.  By  adding  benzaldehyde  to  start  with,  the  yield  is  greatly 
increased. 

Ten  grams  of  benzaldehyde  and  25  grams  of  mandelonitrile  were 
mixed  and  slowly  added  to  35  ce.  of  acetic  anhydride  containing 
7  drops  of  concentrated  sulphuric  acid.  On  standing  for  some  time 
the  mixture  deposited  slender  needles,  the  quantity  of  which  gradually 
increased.  At  the  end  of  six  weeks  the  mixture  was  poured  into 
water  and  digested  on  the  water-bath,  first  with  water,  then  with  a 
solution  of  sodium  carbonate,  and  finally  with  a  little  alcohol.  The 
white  residue  was  then  recrystallised  from  boiling  glacial  acetic  acid, 
in  which  it  is  moderately  soluble.  It  was  thus  obtained  in  slender, 
colourless  needles,  showing  straight  extinction  and  melting  constantly 
at  239 — 240°.     The  substance  has  the  constitution 

O^H,-CH[K£I-CO-CH(0-C2H30)-C6H^],. 
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01468  gave  03661  CO^  and  0-0724  HgO.     C  =  6801  ;  H  =  5-48. 

0-3102  „  15-8  ce.  moist  nitrogen  at  15°  and  768  mm.  N  =  6-03. 
a^H^ppeN,  reqiiires  0  =  68-35  ;  H  =  5-48  ;  N  =  5-92  per  cent. 

A  quantity  of  this  substance  was  heated  with  water  in  a  sealed 
tube  at  180°  for  8  hours.  The  organic  products  of  hydrolysis  were 
benzaldehyde,  mandelic  acid,  and  acetic  acid.  The  benzaldehyde  was 
identified  by  its  smell,  and  by  converting  it  into  benzalazine 
(m.  p.  93°)  ;  the  mandelic  acid  by  the  mixture  melting-point  test  ;  and 
the  acetic  acid  by  the  ethyl  acétate  reaction. 

We  hâve  to  tbank  the  Council  of  the  Eoyal  Society  for  an  allotment 
from  the  Government  Grant  in  aid  of  the  work  described  in  this  and 
the  tvvo  preceding  papers. 

Chemical  Department, 

UNIVER.SITY  or  Aberdeen. 


LXX. — Action    of   Hydrazinc    on    Unsaturated 
<y-Diketones. 

By  Francis  Robert  Japp,  F.R.S.,  and  James  Wood,  M. A.,  B.Sc, 
Carnegie  Scholar  in  the  University  of  Aberdeen. 

C.  Paal  and  Heinrich  Schulze  (Ber.,  1900,  33,  3796)  hâve  shown  that 
the  cis-  and  trcms-îorms  of  s-dibenzoylethylene, 

CgH.-CO-CHICH-CO-CgHj,, 
may  be  readily  distinguished  from  one  another  by  the  greater  ease 
with     which     the    cis-îorm    interacts    with     hydrazine    to    form    a 
1  :  2-diazine, 

We  bave  employed  this  reaction  to  ascertain  the  configurations  of 
some  analogous  unsaturated  y-diketones  :  a/3-dibenzoylstyrene,  dibenz- 
oylstilbene,  and  a-benzoyl-/S-trimethacetylstyrene.  In  the  case  of  the 
last-mentioned  compound,  only  one  form  is  known  ;  but  the  ease  with 
which  it  forms  a  diazine  shows  that  it  bas  the  cis-configuration.  The 
resuit  in  the  case  of  dibenzoylstyrene  and  dibenzoylstilbene  bas  been 
to  confirm  the  configurations  assigned  to  the  différent  modifications 
of  thèse  compounds  by  Japp  and  Klingemann  (Trans.,  1890,  67, 
667): 

Cïs-Form.  trans-Fovm. 

a;3-Dibenzoylstyrene    m.  p.  129°  m,  p.  197— 198°. 

Dibenzoylstilbene         m.  p.  220^  m.  p.  232''. 

The  crs-forms  of  thèse  compounds  do  not  yield  the  corresponding 
diazines  so  readily  as  c/s-s-dibenzoylethylene — doubtless  owing  to  their 
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higher  molecular  weight  and  conséquent  greater  inertness  ;  and,  for 
tlie  same  reason,  their  trans-iorms  do  not  interact  with  hydrazine  at 
ail,  whereas  ^rrms-dibenzoylethylene  differs  from  the  cis-îovm,  as 
already  mentioned,  only  in  the  greater  difficulty  with  which  the 
formation  of  the  diazine  takes  place.  In  the  reactions  which  we 
are  about  to  describe,  a  reducing  action  of  the  hydrazine  sometimes 
accompanies  the  formation  of  the  diazine,  so  that  dibenzoylstyrene 
yields,  at  least  when  the  reaction  is  allowed  to  take  place  in  acetic 
acid  solution,  a  mixture  of  the  diazine  with  a  dihydrodiazine  ;  whilst, 
in  the  ca^e  of  dibenzoylstilbene,  a  dihydrodiazine  is  the  sole  product. 
a-Benzoyl-;8-trimethacetylstyrene,  however,  yields  a  diazine  only. 


Expérimental. 

P  TT  'C  — PU 

Préparation  of  Dibenzoylstyrene,  ^  J'   \         i  . — The  cis-ïorm 

of  this  compound,  melting  at  129°,  is  readily  obtained  by  the  method 
described  by  Japp  and  Klingemann  {loc.  cit.,  p.  672)  of  warming  a 
mixture  of  benzil  and  acetophenone  with  alcoholic  potassium  hydroxide 
containing  a  little  water.  Johannes  Wislicenus  and  Lehmann 
{Annalen,  1898,  302,  196),  who  had  overlooked  Japp  and  Klingemann's 
work,  recommend  the  use  of  alcoholic  sodium  hydroxide  (without  the 
addition  of  water)  as  a  condensing  agent.  This  is  quite  the  reverse  of 
an  improvement ,  for,  according  to  the  statements  of  thèse  investigators, 
a  further  condensation  of  the  dibenzoylstyrene  with  acetophenone  to 
dibenzoyldiphenylbutadiene  occurs  under  thèse  conditions,  and 
from  the  latter  substance  the  dibenzoylstyrene  lias  to  be  freed  by 
recrystallisation . 

We  find  that  isodibenzoylstyrene  (m.  p.  197 — 198°),  the  trans-îovxn — 
which  was  obtained  by  Japp  and  Klingemann  only  in  quuntity 
sufficient  for  analysis,  and  that,  too,  under  conditions  that  could  not 
always  be  depended  upon  to  yield  the  compound — is  présent  in  small 
but  fairly  constant  amount  in  the  dark-coloured,  aqueous-alcoholic, 
alkaline  filtrate  from  the  cis-dibenzoylstyrene  obtained  in  the  initial 
process  of  condensation.  If  this  filtrate  is  diluted  with  water,  the  tarry 
precipitate  steam-distilled  to  remove  unaltered  acetophenone,  the  non- 
volatile  residue  dissolved  in  alcohol,  the  solution  boiled  with  animal 
charcoal,  concentrated,  and  allowed  to  stand,  a  small  qiiantity  of  trans- 
dibenzoylstyrene  is  deposited  in  slender  colourless  needles  (m.  p. 
197 — 198°).  The  yield  is,  however,  so  unsatisfactory  that  we  were 
obliged  to  prépare  large  quantities  of  the  c/s-compound  in  order  to 
obtain  about  2  grams  of  its  ^ra/^s-isomeride. 

Action  of  Hydrazine  on  Dibenzoylstyrene. — Dibenzoylstyrene  (m.  p. 
129°)  was  mixed  with  1  mol.  proportion  of  a  50  per  cent,  solution  of 
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hydrazine  hydrate  and  heated  in  glacial  acetic  acid  solution  in  an 
open  flask  on  the  water-bath  for  15  minutes. 

The  experiment  was  repeated,  using  2  mol.  proportions  of  hydrazine 
hydrate. 

In  both  cases  the  product,  precipitated  by  water  and  crystallised 
either  from  alcohol  or  from  benzène,  consisted  of  a  mixture  of  flat 
prisms  or  plates,  which  formed  the  chief  product,  witb  a  small  quantity 
of  slender  needles,  the  larger  proportion  of  hydrazine  hydrate  giving 
a  slightly  improved  yield  of  the  latter  compound.  Thetwo  substances 
were  separated  by  levigation  with  the  mother  liquor,  the  lighter  needles 
being  readily  floated  oiï. 

The  flat  prisms  or  plates  were  purified  by  recrystallisation  from  benzène 

or  alcohol.     From  the  former  solvant  the  substance  was  deposited  in 

tables,   from  the   latter  in  scales,  melting  at  170°.     It  was  identical 

with  Alexander  Smith's  3  :  4  :  Q-tripheni/l-l  :  2-cliazme, 

N 

^\ 
C^Hj-C       N 

C       C-C^H^ 

\/ 
C 

(m.  p.  171°,  Smith),  obtained  by  the  oxidation  of  3  : 4  :  6-triphenyl- 
1  :  2-dihydro-l  :  2-diazine  {Ânnalen,  1896,  289,  319),  as  we  found  by 
comparing  our  spécimen  with  one  prepared  by  Smith's  method. 

U-3427  gave  28-8  ce.  moist  nitrogen  at  10°  and  759  mm.     N  =  9-00. 
CgoH^P^Ng  requires  N  =  9-09  per  cent. 

The  needles  were  purified  by  recrystallisation,  first  from  boiling 
alcohol  and  afterwards  from  glacial  acetic  acid.  They  were  redeposited 
in  slender,  colourless  needles,  with  a  satiny  lustre  and  melting  at 
181-5 — 182-5°,  with  décomposition,  when  rapidly  heated.  The  crystals 
tumed  yellow  on  exposure  to  light. 

0-1609  gave  0-5017  CO.  and  0-0894  H2O.     C  =  8503;  H  =  6-17. 
0-1 903     „     14-50  ce.  moist  nitrogen  at  13°  and  758  mm.    N  =  8-98. 
C2oH^8N2  requires  C  =  85-16  ;  H  =  5-81  ;  N  =  9-03  per  cent. 

This  is  the  formula  of  a  3  :  4  :  Q-trij)hen)/ldihyJro-l  :  2-diazine.  The 
position  of  the  two  additive  hydrogen  atoms  remains  for  the  présent 
undetermined.  The  substance  is  not  identical  with  Alexander 
Smith's  3:4:6-tripheuyl-l  :2-dihydro-l  :2-diazine  (m.  p.  186—188°, 
when  quickly  heated)  {Annalen,  1896,  289,  316),  obtained  by  the 
interaction  of  desylacetophenone  with  hydrazine,  a  spécimen  of  which 
we  prepared  for  comparison.     Smith's  compound  is  of  a  bright  yellow 
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colour,  and  was  oxidised  to  3  :  4  :  6-tnphenyl-l  :  2-diazine  in  anattempt 
which  we  made  to  acetylate  it  by  means  of  acetic  anhydride  containing 
a  little  concentrated  sulphuric  acid  ;  in  fact  Smith  had  alieady  oxidised 
it  to  this  compound  by  treatment  with  chromium  tiioxide.  Oiir 
isomeride,  on  the  other  hand,  is  colourless  ;  an  attempt  to  acetylate  it 
yielded  only  a  résinons  mass  ;  and  we  were  quite  unable  to  obtain  the 
diazine  from  it  by  oxidation. 

We  aftervvards  found  that  by  vvarmiug  dibenzoylstyrene  (m.  p.  129"^) 
with  an  excess  of  hydrazine  in  alcoholic  (instead  of  acetic  acid) 
solution  on  the  water-bath  for  15  minutes,  an  excellent  yield  of 
3  :  4  :  6-triphenyl-l  :  2-diazine,  without  any  admixture  of  the  dihydro- 
compound,  was  obtained. 

We  also  found  that  none  of  the  dihydro-co  mpound  is  formed  when 
the  diazine  is  boiled  with  hydrazine  hydrate  in  acetic  acid  solution. 
In  fact  sodium  in  boiling  alcohol  bas  no  action  on  the  diazine.  The 
réduction  by  hydrazine,  to  which  the  formation  of  the  dihydro-com- 
pound  is  due,  must,  therefore,  '  précède  the  condensation  in  which  the 
diazine  is  formed. 

The  experiment  was  tried  whether  /iodibenzoylstyrene  (m.  p. 
197  —  198°)  would  interact  with  hydrazine.  After  boiling  the  mixture 
in  alcoholic  solution  for  6  hours,  the  iso-compound  was  recovered 
unchanged.      tso Dibenzoylstyrene  is  therefore  the  frans-modification. 

ri  TT  ,ÇK2 — P.p  TT 

Action    of    Hydrazine    on    Dibenzoïjlstilbenc,    ^^J"   ' ,-.    l  ^  1^  ^^  ■ — 

Dibenzoylstilbene  (m.  p.  220°),  regarded  by  Japp  and  Klingemann 
[loc.  cit.)  as  the  cis-form,  was  obtained  by  Zinin  by  the  oxidation  of 
tetraphenylfurfuran  ("  lepiden  ")  with  nitric  acid,  and  was  termed  by 
him  "acicular  oxylepiden."  By  heating  it  with  alcoholic  potassium 
hydroxide  he  converted  it  into  the  isomeric  "  octahedral  oxylepiden" 
(m.  p.  232°),  which  Japp  and  Klingemann  formulate  as  trans-ài- 
benzoylstilbene.  That  both  thèse  compounds  are  dibenzoylstilbenes  is 
proved  by  the  fact  that,  on  réduction,  they  both  yield  tetraphenyl- 
furfuran. The  dibenzoylstilbenes  used  in  the  following  experiments 
were  prepared  by  Zinin's  methods  (Beilstein's  llandbuch,  3rd  éd.,  3, 
311  and  312). 

Three  grams  of  dibenzoylstilbene  (m.  p.  220"^)  and  1-2  grams  of  a 
50  per  cent,  solution  of  hydrazine  hydrate  were  dissolved  in  absolute 
alcohol  and  boiled  for  li  hours.  Ou  cooling,  the  solution  deposited 
yellow  needles  which,  by  repeated  recrystallisation  from  boiling 
alcohol,  were  obtained  with  the  constant  melting  point  of  207 — 208°. 
The  yellow  colour  was  not  removed  by  boiling  the  solution  with  animal 
charcoal.  The  compound  is  difficult  to  burn  and  the  figures  for  carbon 
are  somewhat  low. 
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0-1752  gave  0-5544  CO^  and  0-0934  H2O.     C  =  86-30  ;  H  =  5-94. 
01774     „     0-5594  CO2    „    0-0942  H,0.     C  =  85-99  ;  H  =  5-90. 
0-1763     „     0-5570CO,,    „    0-0934  Rp.     0  =  86-16  ;  H  =5-89. 
01722     „     10-65  ce.  moist  nitrogen  at  ll°and757mm.     N  =  7-34. 
C2SÏÏ22N2  requires  C- 87-05  ;  H  =  5-70;  N  =  7-25  per  cent. 

This  is  tlie  formula  of  a  tetraphenyldihydrodiazine.     The  formula 
of  a  tetraphenyldiazine,  CosHo(jN2,  on  the  other  hand,  would   require 
C  -  87-50  ;  H  =  5-21  ;  N  =  729  per  cent.,  and  for  this  the  value  found  for 
hydrogen  is  much  too  high.     A  portion  of  the  hydrazine  bas  therefore 
exercised  a  reducing  action  as  in  the  case  already  described. 
The  compound  is  a  3  :  4  : 5  :  ^-tetraplienyldUiydro-X  :  %diazhie, 
N 
^\ 
.  '  H2  1 1 

\/ 
C 

in  which  the  position  of  the  two  additive  hydrogen  utoms  has  uot  y  et 
been  determined. 

Dibenzoylstilbene  (m.  p.  232°) — "  octahedral  oxylepiden  " — was 
then  boiled  with  excess  of  hydrazine  hydrate  in  alcoholic  solution  for  9 
hours,  renewing  the  hydrazine  hydrate.  On  allowing  the  solution  to 
cool,  practically  the  whole  of  the  dibenzoylstilbene  (m.  p.  232°) 
crystallised  out  unchanged.     No  new  product  could  be  detected. 

The  dibenzoylstilbene  melting  at  220°  is  therefore  the  c/s-formj 
that  melting  at  232^^  the  trans-iovva. 

Action  of  Hydrazine  on  a-Benzoyl-fi-trhnethacetylstyrene, 

CoH.-CO  CO-C(CH3)3 
(m,  p.  115°). — -a-Benzoyl-^-trimethacetylstyrene  was  obtained  by  Japp 
and  Maitland  (Trans.,  1904,  85,  1496)  by  the  condensation   of   benzil 
with    methyl    ^erf.-butyl     ketone    under    the    influence     of    alcoholic 
potassium  hydroxide. 

A  mixture  of  benzoyltrimethacetylstyrene  with  an  excess  of 
hydrazine  hydrate  was  dissolved  in  alcohol  aud  boiled  for  15  minutes. 
On  cooling,  the  solution  deposited  wedge-shaped  crystals,  Avhich,  after 
recrystallisation  from  alcohol,  melted  constantly  at  185 — 186'^.  The 
yield  was  good. 

0-1738  gave  0-5288  CO^  and  0-1094  H.O.     0  =  82-98;  H  =  6-99. 
0-1554     „     12-97  ce.  moist  nitrogen  at  11°  and  731  mm.  N  =  9-57. 
OoyHooN.  requires  0  =  83-33  ;  H  =  6-95  ;  N  =  972  per  cent. 
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The  compovind  is  3  :  i-dijjheu'i/l-G-tert.-buti/l-l  :  2-diazine, 

N 


(CH3)3C-Ç      N 

HC     c-aH.  • 

\/ 

c 

Neither  in  the  foregoing  expeiiment,  nor  in  one  in  which  boiling 
acetic  acid  was  used  as  a  solvent  for  the  interacting  substances,  could 
any  trace  of  the  corresponding  dihydrodiazine  bedetected.  Theexperi- 
ment  in  which  acetic  acid  was  employed  yielded  a  very  résinons 
product. 

The  a-benzoyl-;8-trimethacetylsbyrene  melting  at  115°  is  the  only 
known  form  of  this  substance  ;  but,  as  already  mentioned,  the  ease 
with  which  it  interacts  with  hydrazine  to  form  a  diazine  leads  us  to 
assign  to  it  the  ciVconfiguration. 

Chemical  Department, 

Univeksity  of  Abehdeen. 


LXXI. — Condensations  of  Phenanthraquinone  ivith 
Ketonic  Compounds. 

By   Francis   Robert   Japp,  F.RS.,  and  James  Wood,  M. A.,  B.Sc, 
Carnegie  Scholar  in  the  University  of  Abei-deen. 

Very  few  condensations  of  phenanthraquinone  with  ketonic  compounds 
hâve  hitherto  been  studied,  and  in  thèse  only  alkaline  condensing 
agents  hâve  been  employed  ;  but  in  many  cases  such  agents  give  no 
resuit. 

We  find,  however,  that  acetic  anhydride  containing  a  little  concen- 
trated  suliihuric  acid  frequently  brings  about  the  desired  condensation. 
The  reaction  is  occasionally  complicated  by  the  fact  that  in  some  cases 
the  condensation  product  interacts  further  with  the  acetic  anhydride. 

CeH.-C— C-O-CHgO 

Z-Acetoxy-1-r)henylA  :  ^-diplLenylenefurfuran,       A  tt    M     M  n  tt 


o 

(m.  p.  232°). — ïwenty    grams  of  finely-powdered   phenanthraquinone 
(free  from  anthraquinone*),  14  grams   of   acetophenone,  130   ce.  of 

*  The  plienanthraquinoue  used  for  thèse  reactions  must  be  purified  by  nieans  of 
the  hydrogen  sodium  sulphite  compound,  as  some  of  the  products  are  almost  im- 
l)0ssible  tcf  separate  from  the  anthraquinone  whiuh  will  otherwise  contamiuate  tliem. 
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acetic  anhydride,  and  50  drops  of  concentrated  sulphuric  acid,  were 
introduced  into  a  flask  fitted  with  a  short  open  tube,  and  the  flask 
was  immersed  in  water  kept  at  a  température  of  40 — 50°,  whilst  the 
mixture  was  shaken  from  time  to  time.  In  the  course  of  30 — 40  hours 
the  whole  of  the  phenanthraquinone  had  disappeared,  and  the  liquid 
was  filled  with  long,  slender,  almost  colourless  needles  ;  thèse  were 
separated  by  filtration  and  purified  by  recrystallisation  from  boiling 
benzène,  decolorising  with  animal  charcoal  if  necessary.  The  substance 
was  thus  obtained  in  slender  needles,  raelting  at  232°.  The  yield  was 
20  grams. 

0-1386  gave  0-4139  COo  and  00576  HgO.     0  =  81-44;  H  =  4-62. 

0-1757     „     0-5246  CO2    „    00744  H^O.     0  =  81-43  ;  H  =  4-71. 

Co^HjgOg  requires  0  =  81-82  ;  H  =  4-55  per  cent. 

The  formation  of  this  compound  may  be  explained  on  the  assump- 
tion  that  the  unknown  phenanthroxyleneacetophenone, 

CgH^-CO  CO-CoH; 
is  first  formed  ;  this  compound  then  unités  with  acetic  acid,  and  the 
additive  compound  parts  with  water  : 

ÇgH^-Ç^ÇH  C,H,0,         Ç.H^-ÇH-ÇH-G'OaHgO 

C,H,-CO  00-0,H,  ^        4h,-C0  CO-O.H, 

-H2O         C.H^-C— C-O-C^HgO 
^         C,H,-C     C-0,..H.       • 


The  compound  would  thus  be  3-acetoxi/-2-phen>/l-4:  :  b-diphenylene- 
furfv/ran,  and  the  transformation  of  the  hypothetical  intermediate 
product,  phenanthroxyleneacetophenone,  is  strictly  analogous  to  that 

which  dibenzoylstyrene,   J'  J"   1       1  ,  undergoes  when  it  is  con- 

verted,  by  the  action  of  acetic  anhydride  containing  a  little  sulphuric 

•^     •  .      Q        .        o    .    r.  .  •  1,       M     ç  C.H^-C— C-O-CoHgO 

acid,    into    o-acetoxy-2  :  4  :  5-triphenylrurturan,       ''  t    U     A  r  t" 

\/ 
O 

(J.  Thiele,  Ber.,  1898,  31,  1248). 

Ethyl  DiphenylenedibenzoylmuGonate  {Ethyl  fiy-diphenylene-a^-di- 
A  7.  .    ,•         .  ^-      i       7     .        ÇrH4-Ç:0(00-C,H5)-002-C2H, 

benzoylbutad^ene-aB-d^carho.ylate),       è^H'.àlcloO.Cyj.CO^.o'H;- 

Ten  grams  of  finely  powdered  phenanthraquinone,  12  grams  of  ethyl 
benzoylacetate,  and  40  ce.  of  acetic  anhydride  containing  16  drops  of 
VOL.   LXXXVII.  3    C 
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concentrated  sulphuric  acid  were  employed  in  this  experiment,  vvhich 
was  conducted  like  that  already  described.  After  heating  continu- 
ously  at  40 — 50°  for  neai-ly  100  hours,  the  whole  of  the  phenanthra- 
quinone  had  disappeared.  The  mixture  was  allowed  to  cool  ;  the' 
crystaUine  product  was  separated  by  filtration,  washed  with  a  little 
cold  glacial  acetic  acid,  and  recrystallised  from  boiling  benzène,  in 
which  it  is  fairly  soluble.  It  was  thus  obtained  in  clear,  rectangular 
plates  with  bevelled  edges  (yield  :  10  grams).  It  softens  and  almost 
melts  between  170°  and  174°,  but  immediately  resolidifies,  finally 
melting  sharply  at  223°.  This  latter  melting  point,  however,  is  that 
of  an  isomeride  into  which  the  original  condensation  compound  is 
transformed  by  heating  (vide  infra). 

0-1912  gave  0-5433  CO.,  and  00883  ïip.     0  =  77*49  ;  H  =  5-13. 
0-1705     „     0-4838CO2    „    0-0784  H,0.     C- 77-39  ;  H  =  5-ll. 
01832     „     0-5200  CO2    „    0-0846  h",0.     C  =  77-39  ;  H  =  513. 
Og^jHggO^  requires  C  =  77-70  ;  H  =  5-04  per  cent. 

The  compound,  which  is  ethyl  diphenylenedibenzoylmuconate  {vide 
supra),  is  formed  from  phenanthraquinone  and  ethyl  benzoylacetate 
according  to  the  équation  : 

P  TT  "PO 

c'hI-CO    ■"  2C,H,-C0-CH,.C0,-C,H,  = 

ÇoH4-Ç:c(co.c,H,).co2-c,H3 

C,H4-C:C(CO-CoH5)-C02-C2H5    -^    -    2  ' 

the  acetic  anhydride  in  this  case  furnishing  no  part  of  the  résultant 
molécule. 

Attempts  to  hydrolyse  this  ester  with  alcoholic  sodium  hydroxide 
yielded  no  definite  product.  No  acid  could  be  obtained  from  the 
alkaline  solution. 

Isomeride  (m,  p.  223-5°)  qf  Ethyl  Diphenylenedibenzoylmuconate. — 
Five  grams  of  ethyl  diphenylenedibenzoylmuconate  were  heated  in  a 
test-tube  by  means  of  a  glycerol  bath  until  the  substance,  after  sof ten- 
ing  and  resolidifying  between  170°  and  174°,  as  above  described,  finally 
melted  at  223°.  No  gas  was  givenoiï  during  the  process,  and  the  tube 
with  the  product  was  found  to  weigh  practically  the  same  as  before. 
The  product  was  recrystallised  from  boiling  glacial  acetic  acid,  from 
which  it  was  deposited  in  short  yellowish  needles,  melting  constantly 
at  223-5°.     The  yield  is  quantitative. 

0-1635  gave  0-4646  CO.^  and  0-0756  H^.     0  =  77-49  ;  H -5-14. 
03gH._,gO,3  requires  0  =  77-70  ;  H  =  5-04  per  cent. 

The  compound  is  therefore  isomeric  with  ethyl  diphenylenedibenzoyl- 
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muconate.  Provisionally  it  may  be  named  ethyl  isodiphenylenedi- 
henzoyhnuconate. 

Hydrolysed  with  alcoholic  sodium  hydroxide  it  yields  an  acid, 
which,  however,  bas  not  yet  been  obtained  in  quantity  sufficient  for 
examination. 

Tbe  fact  that  etbyl  diphenylenedibenzoylmuconate,  unlike  its  iso- 
meride,  does  not  yield  an  acid  under  tbe  foregoing  conditions,  points 
to  a  différence  in  constitution  between  thetwo  compouuds  more  funda- 
mental  tban  tbat  of  mere  cis  and  trans  isomerism — tbe  explanation 
wbicb  would  perbaps  first  suggest  itself.  Possibly  tbe  isomerisation 
under  tbe  influence  of  beat  occurs  according  to  tbe  scbeme  : 

Ç,H,.Ç:C(C0-C,H,)-C0,.C2H,  Ç,H,-C.Ç(CO-C,H,)-C02-C2H5 

C,H,-C:C(CO-CeH,)-C02-C2H,      ^     C,H,-C-C(CO-C,H,)-C02-C2H,' 

in  wbicb  case  etbyl  dipbenylenedibenzoylmuconate  would  bave  some- 
wbat  tbe  same  relation  to  etbyl  isodipbenylenedibenzoylmuconate  tbat 
cinnamic  acid  bas  to  /3-truxillic  acid,  except  tbat  in  tbe  présent  case 
tbe  polymérisation  is  intramolecular,  not  intermolecular. 

We  bave  also  obtained  condensation  products  of  pbenantbraquinone 
witb  etbyl  acetoacetate  and  witb  etbyl  malonate,  We  wisb  to  reserve 
tbe  study  of  tbe  various  condensations  of  tbis  class. 

We  bave  to  tbank  tbe  Council  of  tbe  Royal  Society  for  an  allotment 
from  tbe  Government  Grant  in  aid  of  tbe  work  described  in  tbis  and 
tbe  preceding  paper. 

Chemical  Department, 

University  of  Aberdeen. 


LXXII. — Cyanomaclurin. 

By  Arthur  Georgk  Perkin,  F.R.S. 

SoME  years  ago  (Trans.,  1895,  67,  939)  it  was  sbown  tbat  tbe  Indian 
dyestuff  Jackwood  {Artocarjjus  inteyrifolia)  contains,  in  addition  to 
morin,  a  new  substance,  to  wbicb  tbe  name  cyanomaclurin  was  assigned. 
Tbis  compound  crystallised  in  colourless  prisms,  gave  numbers  in 
fair  agreement  witb  tbe  formula  C^sHjoO^j  or  C^gHjgO^,  and  possessed  tbe 
cbaracteristic  property  tbat  its  alkaline  solution  on  warming  developed 
a  deep  indigo-blue  coloration.  A  disazobenzene  derivative  was  prepared, 
but  otber  crystalline  derivatives  could  not  at  tbe  time  be  produced 
according  to  tbe  ordinary  metbods.      Owing  to  a  lack  of   tbe  raw 

3  C  2 
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material  it  was  not  possible  to  make  a  more  complète  examination  of 
this  compound,  but  it  was  then  noticed  that  in  certain  important 
respects  its  properties  were  similar  to  those  of  catechin,  the  colourless 
crystalliue  constituent  of  gambier  catechu.  During  a  récent  in- 
vestigation of  the  latter  compound  (Trans.,  1902,  81,  1160)  this 
resemblance  again  came  to  mind,  and  strikingly  so,  because  the 
molecular  weight  of  catechin  was  then  found  to  be  represented  as 
C^jHj^Og  and  not  Cg^Hg^Og,  as  was  proposed  by  earlier  workers.  Again, 
the  analytical  results  givon  by  thèse  substances  were  nearly  identical. 
It  therefore  appeared  possible  that  cyanomaclurin  and  the  catechins 
were  not  only  isomeric  but  members  of  the  same  group,  and  the 
présent  work  was  undertaken  with  the  hope  of  elucidating  this  point. 
The  isolation  of  cyanomaclurin  from  the  wood  is  extremely  tedious  and 
the  yield  of  pure  substance  is  small,  so  that  for  the  purpose  of  this 
investigation  about  150  Ibs.  of  the  raw  material  hâve  been  found 
necessary,  Through  the  kindness  of  Messrs.  Wood  and  Bedford,  of 
Leeds,  this  amount  was  i-eadily  procured. 


Expérimental. 

The  cyanomaclurin  was  prepared  by  the  method  previously  employed 
but  the  détails  of  purification  were  somewhat  différent.  The  crude 
product  obtained  by  the  evaporation  of  the  ethyl  acétate  extract  was 
freed  as  thoroughly  as  possible  from  adhering  viscous  matter,  ground  up 
with  a  trace  of  acétate,  collected  and  dried.  The  finely-ground  sub- 
stance, in  quantities  of  about  15  grams,  was  stirred  into  50  ce.  of  warm 
water,  collected  at  the  pump,  and  treated  in  a  similar  manner  until  the 
filtrate  was  almost  colourless.  There  were  thus  obtained  6*25  grams  of 
a  nearly  colourless,  crystalline  powder,  which,  although  not  quite  pure, 
could  be  employed  for  most  purposes.  In  spécial  cases,  the  substance 
was  crystallised  from  water,  an  extremely  tedious  method,  for  crystals 
do  not  usually  separate  until  the  solution  has  stood  for  several  days, 
and  even  then  the  séparation  is  very  slow  and  the  yield  extremely 
poor  ;  again,  crystallisation  from  ethyl  acétate  was  sometimes  employed. 
On  concentrating  the  aqueous  mother  liquors,  a  second  deposit  does  not 
separate,  but  the  dissolved  substance  may  be  recovered  by  saturating 
the  solution  with  sait  and  agitation  with  ethyl  acétate.  Pure  cyano- 
maclurin dried  at  the  ordinary  température  is  anhydrous,  and  does  not 
suffer  loss  even  at  160°.  It  does  not  appear  to  possess  a  definite 
melting  point,  but  on  heating  to  a  high  température  slowly 
décomposes  ;  thus  at  290°  it  became  extremely  dark,  but  had  not 
fused. 

As  is  well  known,  solutions  of  catechin  from  gambier  catechu  and 
aca catechin  from  acacia  catechu  give  with  pine  wood  and  hydrochloric 
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acid  the  phloi'oglucinol  reaction,  and  it  was  now  found  that  cyano- 
maclurin  behaved  in  an  identical  manner.  This  was  interesting,  for 
although,  as  previously  pointed  ont,  maclurin,  phloretin,  and  hesperitin 
[loc.  cit.)  give  an  analogous  coloration,  the  reaction  with  the  catechins 
and  cyanomaclurin  is  much  more  rapid,  in  fact,  as  much  so  as  with 
phloroglucinol  itself. 

Fusion  with  Alkali. — As  cyanomaclurin  was  net  previously  suspected 
to  contain  a  phloroglucinol  nucleus,  this  décomposition  was  again 
studied.  The  substance  was  heated  with  caustic  potash  and  a  little 
water  to  200 — 220°  for  half  an  hour,  the  melt  dissolved  in  water  and 
neutralised  with  acid.  Ether  extracted  from  this  solution  a  crystalline 
substance  which  was  dissolved  in  water  and  the  liquid  saturated  with 
sodium  hydrogen  carbonate.  Ether  now  removed  from  the  mixture  a 
product  which,  after  washing  with  hot  benzène  and  crystallisation  from 
water,  formed  colourless  needles,  which  melted  at  210°  and  had  ail  the 
properties  of  phloroglucinol. 

Found  C  =  57-05;  H -4-77.  CgH^Os  requires  C  =  57-14;  H  =  4-76 
per  cent. 

The  sodium  hydrogen  carbonate  solution  was  neutralised  with  acid, 
and  from  this  ether  now  extracted  a  colourless  acid  which  was  purified 
by  crystallisation  from  water. 

Found  0  =  54-24;  H  =  4- 11 .  C^EgO^  requires  C  -  54-54  ;  H  =  3-89 
per  cent. 

It  formed  colourless  needles  melting  at  206°,  and  was  found  to  con- 
sist  of  13-resorcylic  acid.  In  the  previous  communication,  it  was 
suggested  that  this  acid  was  a  methylresorcylic  acid  (cresorcylic  acid) 
and  indeed  thèse  two  substances  are  very  similar  in  gênerai  properties, 
but  as  analysis  now  shows  this  cannot  be  the  case. 

The  benzène  extracts  obtained  during  the  purification  of  the  phloro- 
glucinol were  evaporated  to  a  small  bulk,  and  on  standing  deposited 
crystals.  Thèse  melted  at  104°  and  consisted  of  resorcinol,  dei-ived  no 
doubt  from  the  action  of  the  alkali  on  the  /3-resorcylic  acid. 

An  interesting  resemblance  is  therefore  to  be  observed  between  morin 
and  cyanomaclurin,  which  exist  side  by  side  in  this  dye-wood,  for  on 
hydrolysis  both  yield  phloroglucinol  and  Cresorcylic  acid.  Curiously 
enough,  it  has  been  previously  pointed  out  that  the  constituents  of 
gambier  and  acacia  catechus  possess  a  similar  relationship,  in  that 
quercetin,  catechin,  and  acacatechin  on  fusion  with  alkali  give  in  each 
case  phloroglucinol,  and  protocatechuic  acid. 

Disazohenzene  cyanomaclurin,  previously  described,  was  again 
prepared  and  re-examinod.  Five  grams  of  cyanomaclurin  yielded  8-5 
grams,  or  170  per  cent,  of  this  compound,  and  this  resuit  is  comparable 
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with  that  of  gambier  catechin,  which  in  like  manner  gave  1 70  per  cent, 
of  disazobenzene  catechin. 

Found  C  =  64-94;  H  =  4-36;  N  =  11-48  per  cent. 
Ci5Hjo06(C6H5N2)2  requires  C  =  65-32;  H-4-03;  N  =  ll-29  per  cent. 
Ci5Hi206(C6H5N2)o  requires  C  =  65-06;  H  =  4-41;  N=  11-24  per  cent. 

In  the  earlier  communication,  the  percentages  C  =  65-11,  H  =  4-46, 
K  =  10-92  were  obtained. 

This  substance  is  therefore  very  similar  in  composition  to  the 
corresponding  catechin  compounds,  and  thèse  it  closely  resembles  in 
gênerai  properties,  with  the  exception  that  it  is  somewhat  more 
soluble  in  hot  alcohol.  In  the  crude  condition,  it  readily  dissolves 
in  this  solvent,  but  on  heating  the  liquid  crystallisation  soon  commences, 
and  thèse  crystals  now  require  a  considérable  quantity  of  alcohol  for 
re-solution.  When  heated,  disazobenzene  cyanomaclurin  sinters  at 
about  225°,  and  melts  at  245 — 247°  with  décomposition. 

The  acetyl  dei-ivative  is  readily  prepared  by  boiling  with  acetic 
anhydride  for  three  hours.  On  diluting  the  hot  solution  cautiously 
with  alcohol,  crystals  separated  which  were  collected,  redigested  for  a 
short  time  with  acetic  anhydride,  and  finally  crystallised  from  benzène 
with  the  aid  of  animal  charcoal. 

Found  0  =  63-61;  H  =  446;  N  =  9-43,  9-49. 
Ci5H70,(CgH5N2)2(C2H30)3    requires   0  =  6366;    H  =  4-18;    N  =  9-00 

per  cent. 
Ci5H906(C6ÏÏ5N2)o(C2H30)3   rcquires    0  =  63-46;    H  =  4-48;   N  =  8-97 

per  cent. 

This  compound,  probably  a  triacetyl  derivative,  forms  orange-red 
needles  melting  at  209 — 210°,  and  resembles  in  gênerai  properties  the 
corresponding  acetyl  disazobenzene  catechins. 

Acetylcyanomacluriii  could  not  be  prepared  in  the  crystalline  condi- 
tion by  the  ordinary  methods,  but  the  pyridine  process  eventually  gave 
a  better  resuit.  Two  grams  of  cyanomaclurin  were  dissolved  in  30 
grams  of  pyridine,  the  solution  placed  in  a  freezing  mixture,  and  8-5 
grams  of  acetyl  chloride  added  drop  by  drop,  well  shaking  after  each 
addition.  After  standing  for  ten  minutes,  the  product  was  poured  on 
to  ice,  the  colourless  precipitate  was  collected  and  drained  on  tile,  and 
then  dissolved  in  a  mixture  of  hot  acétone  and  alcohol,  from  which,  on 
cooling,  a  viscous  mass  separated.  Other  préparations  behaved  similarly, 
but  eventually  one  of  thèse,  on  standing  for  several  weeks,  became 
crystalline,  and  by  the  aid  of  thèse  crystals  other  products  were  readily 
obtained  in  the  same  condition.  By  repeated  crystallisation  from  a 
mixture  of  acétone  and  alcohol,  employing  animal  charcoal,  it  formed 
colourless  needles  melting  at  136 — 138°. 
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FoundC  =  59-91  ;  H  =  4-74. 

C^5H„0^;(C2ÏÏ30)5  requires  C  =  60-00  ;  H  =  4-80  per  cent. 
CisH.O.ic.HgO),         „       C  =  60-24;  H  =  4-41 

A  molecular  weiglit  détermination  by  the  cryoscopic  method  gave  the 
following  resuit  : 

0-5138  in  13-71  napbtbalene  gave  A«  =  0-515.     M.  W.  =  509. 
CosHg.pii  requires  M.  W.  =  498. 

Benzoylcyanomaclurin  was  prepared  by  tbe  pyridine  metbod  and  is 
crystallised  more  readily  tban  tbe  acetyl  derivative.  For  tbis  purpose, 
1  gram  of  cyanomaclurin,  15  grams  of  pyridine,  and  115  grams  of 
benzoyl  cbloride  were  employed,  and  after  twelve  bours  tbe  product  was 
poured  into  water  and  tbe  viscous  residue  dissolved  in  its  own  bulk  of 
alcobol.  Crystals  gradually  separated  wbich  were  recrystallised  twice 
from  a  mixture  of  acétone  and  alcobol. 

Found  C  =  74-01;  H  =  4-11. 

C^5H-06(C7H50)5  requires  0  =  74-25;  H  =  3-96  per  cent. 
CisHQOeiaHsO)^        „       C  =  74-07;  H  =  4-19 

It  crystallised  in  colourless  prisms,  melting  at  171 — 173°;  it  was 
sparingly  soluble  in  cold  alcobol,  and  very  similar  in  appeai'ance  to 
pentabenzoylacacatecbin  (loc.  cit).  Molecular  weigbt  déterminations 
gave  tbe  following  results  : 

0-509   in  13-47  napbtbalene  gave  Ai  =  0-315.     M.  W.  =  839. 
0-5396  in  13-51  napbtbalene      „     A«  =  0-345.     M.  W.  =  811. 
C50H30O11  requires  M.  W.  =  808. 

Tbese  results  tberefore  indicate  tbat  cyanomaclurin  bas  tbe  formula 
CjjH^^Og  or  CjjHjgOg,  and  tbe  former  appeared  most  likely  owing  to 
tbe  resemblance  of  its  gênerai  properties  witb  tbose  of  tbe  catecbins. 
Analyses  of  spécimens  purified  by  distinct  metbods  gave  percentages 
of  bydx-ogen  wbicb,  bowever,  taken  as  a  wbole,  are  in  better  agreement 
witb  C^jïï^gOe'  ^^^  ^^^^  must  witbout  doubt  represent  the  true  formula 
for  tbis  substance. 

Found  0  =  62-46,  6265,  62-28,  62-32,62-13;  H  =  425,  435,3-96, 
4-36,  4-15. 

CijHi.O^  requires  0  =  62  50  ;   H  =  4-16  per  cent. 
O^sH^.Og         „       0  =  62-07;  H  =  4-82 

Numerous  attempts  to  prépare  a  crystalline  metbyl  etber  of  cyano- 
maclurin were  unsuccessful,  eitber  witb  metbyl  iodide  or  metbyl 
sulpbate.  Tbe  product  tbus  obtained  consisted  of  a  colourless,  viscous 
mass,  and  tbis  on  acetylation  by  tbe  pyridine  metbod  did  not  yield  a 
well-defined  substance.  It  was,  bowever,  very  interesting  to  observe  that 
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if  this  methylated  cyanomaclurin  was  dissolved  in  acetic  acid  and  the 
solution  treated  with  a  few  drops  of  nitric  acid  a  bluish-green  liquid  was 
formed  which  rapidly  assumed  a  pure  blue  tint.  This  reaction  is 
identical  with  that  given  under  similar  conditions  by  the  catechin 
tetramethyl  ethers  (Trans.,  1905,  87,  400). 

It  was  previously  pointed  out  that  when  an  aqueous  solution  of  cyano- 
maclurin is  treated  with  minerai  acids  reddish-brown,  amorphous  sub- 
stances are  formed,  which  vai-y  in  solubility  according  to  the  duration 
of  the  action  and  resemble  the  so-called  catechin  anhydrides  described 
by  Etti  {Annalen,  1887,  186,  327)  and  Kraut  and  Delden  {A^malen, 
1877,  186,  332).  It  was  also  suggested  that  the  altération  of  the 
freshly  eut  wood  from  a  yellow  to  a  mahogany  tint  on  long  keeping 
was  the  resuit  of  the  production  of  one  or  other  of  thèse  substances. 
The  most  definite  of  thèse  reddish-brown  substances  is  the  final  com- 
pound  thus  obtained,  and  this  was  examined  because  it  was  unlikely 
to  be  a  mixture  and  could  be  compared  with  the  corresponding 
anhydrides  of  catechin  and  acacatechin. 

One  gram  of  cyanomaclurin  dissolved  in  100  ce.  of  acetic  acid  was 
treated  with  10  ce.  of  hydrochloric  acid  and  the  solution  digested  at 
the  boiling  beat.  The  deep  brown  liquid  rapidly  deposited  an 
amorphous  precipitate,  and  this  was  collected  hot,  washed  several  times 
with  acetic  acid,  and  finally  with  alcohol.     The  yield  was  0  79  gram. 

Found  at  160°:  C  =  63-ll,  63-48,  63-53;  H  =  3-75,  3-94,  3-99 
per  cent. 

The  pi'oduct  consisted  of  a  reddish-brown  powder,  insoluble 
in  alkaline  solutions  and  apparently  in  ail  solvents.  Prepared  as 
above,  it  obstinately  retains  alcohol  or  water  even  at  100°,  and  is  only 
obtained  in  the  anhydrous  condition  by  prolonged  heating  at  160°, 
It  is  also  readily  produced  if  the  hydrochloric  acid  is  replaced  by  a 
small  quantity  of  sulphuric  acid.  The  molecular  weight  of  this 
substance  is  most  probably  extremely  high,  and  no  attempt  bas  been 
made  to  deduce  a  formula  from  the  above  percentages  ;  it  is,  how. 
ever,  interesting  to  note  that  thèse  figures  are  practically  identical  with 
those  given  by  the  corresponding  derivatives  of  catechin  (0  =  63-26; 
H  =  3-89)  and  acacatechin  (0=63-33;  H  =  3-94),  and  this  again 
points  to  the  close  relationship  between  thèse  substances.  As  is  well 
known,  this  so-called  anhydride  or  phlobophane  production  by  means  of 
minei-al  acids  is^  characteristic  of  numerous  tannins  of  the  catechol 
class,  and  is  presumed  to  be  an  indication  of  the  présence  of  such  a 
substance.  The  behaviour  of  cyanomaclurin  in  this  respect  indicates 
that  the  présence  of  a  catechol  nucleus  is  not  essential  for  phlobo- 
phane iormation,  and  this  bas  been  previously  suggested  because  a 
novel  tannin  compound  existing  in  the  leaves  of  the  Pistachia  lentiscus 
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(Tracs.,  1898,  73,  378j,  and  in  which  only  pyrogallol  and  phloro- 
glucinol  nuclei  are  présent,  also  gave  a  similar  product.  Evidently 
therefore  this  reaction  is  due  rather  to  the  structure  of  the  compounds 
in  question  than  to  the  présence  of  one  spécial  phenolic  nucleus. 

Experiments  on  the  oxidation  of  an  aqueous  solution  of  cyano- 
maclurin  with  potassium  ferricyanide  in  the  présence  of  sodium 
acétate  gave  négative  results,  and  no  colouring  matter  analogous  to 
that  pi-oduced  in  this  manner  from  the  catechins  could  be  obtained. 


Suvxmary  of  Results. 

The  results  of  this  investigation  indicate  an  extremely  close  relation- 
ship  between  cyanomaclurin  and  the  catechins,  and  it  at  one  time 
appeared  probable  that  the  former  differed  merely  from  one  or  other  of 
the  latter  in  that  it  contained  a  resorcinol  instead  of  a  catechol  nucleus. 
The  number  of  hydroxyls  and  the  gênerai  reactions  of  thèse  substances 
are  almost  identical  in  each  case,  except  in  so  far  as  the  colour  reactions 
due  to  distinct  nuclei  would  lead  one  to  expect  a  slight  différence  ;  but, 
on  the  other  hand,  as  the  formula  of  cyanomaclurin  is  Gj-H^oOq,  it  cannot 
be  isomeric  with  the  catechins  but  must  belong  to  a  distinct  group.  It 
is  interesting  to  note  how  clearly  the  two  nuclei  phloroglucinol  and 
catechol  and  phloroglucinol  and  resorcinol  respectively  are  to  be 
observed  in  catechin  and  cyanomaclurin,  the  first-named  by  the 
method  previously  referred  to,  and  the  second  by  means  of  ferrie 
chloride.  Thus  catechin  in  this  way  gives  the  green  catechol 
coloration,  and  cyanomaclurin  a  liquid  very  similar  to  that  yielded  by 
resorcinol  itself. 

Quercetin  and  catechin  exist  side  by  side  in  catechu,  and  it  was 
previously  suggested  that  the  latter  could  be  regarded  as  a  réduction 
product  of  the  former  ;  again,  a  similar  reasoning  would  apply  to 
morin  and  cyanomaclurin,  for  thèse  are  found  together  in  the 
Jackwood,  and  yield  on  hydrolysis  identical  products.  Tt  is  thei'efore 
considered  probable  that  the  following  constitution  is  applicable  to 
cyanomaclurin  : 

O  OH 

I         X X       NOH, 

/\ 
ÔH  CÏÏ2 
for  although  it  could  be  represented  as  a  hydroxychalkone,  thus  : 

OH 


OH/    \0H 

-cO'Ch:ch-<'     ^oh, 


OH 
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it  does  not  possess  the  characteristics  of  this  class   of   compound.     As 
an  alternative  formula,  the  following  is  also  possible  : 


CH 

-OH    OH 


>0H. 


The  rarity  of  cyanomaclurin  and  the  difficulty  with  which  it  yields 
crystalline  derivatives  render  it  probable  that  thèse  points  will  only 
be  definitely  solved  by  the  syn'hetical  préparation  of  the  substance 
itself. 

The  expenses  of  this  research  hâve  been  defrayed  by  a  grant  from 
the  Research  Fund  of  the  Chemical  Society,  for  which  the  author  is 
greatly  indebted. 

Clothworkers'  Research  Laboratory, 
The  University, 
Leeds. 


LXXiri. — Studics  in  the  Campliane  Séries.     Part  XIX. 
Camphoryl-yjr-semicarhazide. 

By  Martin  Onslow  Forster  and  Hans  Eduard  Fierz. 

The  main  distinction  between  Eupe's  camphorylcarbamide  and  the 
2)seudo-modiûca,tion  recently  described  by  us  (this  vol.,  p.  110),  lies  in 
their  behaviour  towards  nitrous  acid,  which  transforms  the  6rst-named 
into  camphorylcarbimide,  whilst  yielding  a  nitroso  derivative  with  the 
isomeride.  If  the  freshly  prepared  nitroso-compound  is  suspended  in 
dilute  acetic  acid  and  treated  with  zinc  dust,  it  quickly  forms  a  clear 
solution,  from  which  we  hâve  isolated  a  crystalline  compound, 

c,,h,an3. 

melting  at  193°,  and  having  the  properties  of  a  primary  semicarb- 
azide. 

In  view  of  the  probable  relationship  between  camphorylcarbamide 
and  its  |?seMcZo-modification,  developed  in  the  paper  quoted,  we  regard 
the  new  substance  as  camphoryl-xp-semicarhazide, 


*^«^i^<C(OH)-NH>^^' 
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and  as  it  appears  to  be  the  first  optically  active  primary  semicarb- 
azide,  we  hâve  examined  it  in  some  détail, 

Naturally  the  chief  point  of  interest  in  connection  with  such  a 
substance  is  its  behaviour  towards  aldéhydes  and  ketones,  because  an 
agent  by  which  racemic  compounds  of  those  classes  may  be  resolved 
into  their  active  compounds  might  find  useful  application  ;  pheuyl- 
(/-amylhydrazine,  C2H5-CH(OH3)-CH2-N(C^;H5)-NH2,  quite  recently 
described  by  Neuberg  and  Fédérer  {Ber.,  1905,  38,  866),  seems  to 
achieve  satisfactorily  the  purpose  in  question,  but  its  production 
involves  the  troublesome  isolation  of  an  optically  active  amyl  halide. 

Camphoryl-t/'-semicarbazide  condenses  easily  with  most  aldéhydes 
and  some  ketones,  the  readiness  with  which  action  takes  place  among 
the  substituted  benzaldehydes  being  extraordinary  ;  on  treating  a 
0"5  per  cent,  solution  of  the  base  in  water  with  the  calculated  amount 
of  benzaldehyde,  the  liquid  requires  to  be  warmed  no  longer  than  one 
minute  before  it  becomes  turbid,  the  crystalline  semicarbazone  separat- 
ing  almost  immediately  aftervvards.  The  condensation  prodiicts  which 
hâve  been  obtained  in  this  manner  from  a  number  of  typical  aldé- 
hydes are  characterised  in  many  cases  by  unusually  high  spécifie 
rotatory  power  ;  the  ^;se^t(io-semicarbazide  itself  has  [ajo  8*6°,  but  the 
benzylidene  compound  has  [ajo  420  6°,  and  the  cinnamylidene  deriv- 
ative  [ajo  605-4°,  whilst  the  product  from  benzoquinone  has 
[aju  -1051°  in  acétone.  This  is  not  the  highest  speci6c  rotatory 
power  on  record,  because  parasantoninimide,  described  by  Francesconi 
{Alti  R.  Accad.  Lincei,  1903,  [v],  12,  ii,  204),  has  [a]^  +1135°;  this 
corresponds  to  [M]d  2780°,  however,  whereas  benzoquinone  camphoryl- 
i/'-semicarbazone  has  [M]u  3310°.  In  the  following  table,  the  values 
for  the  vanillidene,  cuminylidene,  and  o  hydroxybenzylidene  com- 
pounds are  only  approximate,  owing  to  the  rétention  of  crystal 
Suivent  by  thèse  derivatives,  allowance  being  therefore  made  in  the 
calculation. 


^'-Semicarbazone. 


m-Nitrobenzaldehyde  .... 

218° 

Acétone  

217 

o-Hydroxybenzaldeliyde . 

212 

Camphorquinone    

234 

Vanillin  

219 

Cummaldehyde 

229 

Benzaldehyde 

223 

Anisaldehyde 

234 

Piperonaldehyde    

229 

Furfuraldehyde 

Cinnamaldehyde    

222 

219 

2J-Benzonuinone 

197 

Suivent. 


Acetic  acid 
Chloroforni 


Ether 
Acétone 


Wo. 


+  84° 
-188 
+  283 
-314 
+  376 
+  415 
+  421 
+  440 
+  450 
+  502 
+  605 
-1051 


[M]„. 


3or 

498 
931 
1172 
1349 
1473 
1318 
1509 
1599 
1522 
2051 
3310 


-13-5' 

+  6-9 

-169-3 

+  8-9                  i 

-421                     , 

h  605                   1 

724  FORSTER    AND    FIERZ  : 

Several  points  of  interest  are  presented  by  this  list,  and  will  receive 
more  exteuded  study.  The  liigh  rotation  of  the  benzylidene  com- 
pound,  which  bas  [aju  almost  identical  with  tbat  of  benzylidene- 
camphor,  suggested  an  examination  of  tbe  cinnamaldehyde  derivative, 
many  investigators  having  shown  that  double  linkages  exert  a 
profound  influence  on  spécifie  rotatory  power.  From  this  we  were  led 
to  the  product  from  ^>benzoquinone,  because  in  tbat  substance  the 
ordinary  benzenoid  structure  is  suspended,  and  no  fewer  than  four 
double  linkages  may  be  recognised. 

An  illustration  of  the  marked  effect  on  spécifie  rotatoi'y  power 
brought  about  by  unsaturated  linkages  in  this  séries  may  be  drawn 
from  the  varions  compounds  arising  by  replacement  of  iminic  hydrogen 

ç^TS TSITT 

in  camphoryl-i/'-carbamide,    C8Hj^<^  '  ^        ^CO,  which  is  repre- 

sented  in  the  following  table  by  the  symbol  Cam.NH  : 

i|--Carbamide Cam.NH  [ajo 

Metliyl  tf'-carbamide    Cam.N'CHg 

Nitroso-<|'-carbamide    Cam. N*N:0 

»^-Semicavbazide   Cam.N'NHo    

Benzaldehyde  tf'-semicarbazone Cam.N'NiCH'CBHg    

Cinnamaldehyde  (l^-semicarbazone Cam.N'NlCn'CHlCH'CgHg 

/CH*CH\ 
Benzoqumone  if^-semicarbazone Cam.N'NrC^  qjj'.qjj/>C:0.       -1051 

Although  perhaps  merely  a  coincidence,  it  is  remarkable  that  the 
algebraic  différence  in  rotatory  power  between  the  jo^ewr^o-carbamide 
and  the  nitroso-derivative  should  be  182-8°,  and  therefore  almost 
identical  with  that  shown  by  the  j^sewcZo-semicarbazones  of  benzalde- 
hyde  and  cinnamaldehyde,  namely,  184°,  the  principal  différence 
between  the  individuals  of  each  pair  being  a  single  ethylenic  linkage. 

It  is  also  noteworthy  that  the  spécifie  rotation  of  the  ^;seMcZo-semi- 
carbazones  of  acétone  and  the  two  quinones  should  bè  négative, 
whilst  the  condensation  products  from  the  aldéhydes  are  dextro- 
rotatory.  Moreover,  it  will  be  observed  that  if  the  above  formula 
correctly  represents  the  constitution  of  the  |;sewc?o-carbamide,  it  con- 
tains  two  asymmetric  carbon  atoms  in  addition  to  those  présent  in 
camphor  itself  ;  consequently,  the  ^sei«Zo-carbamide  and  the  pseudo- 
semicarbazide,  although  optically  active,  are  racemic  with  respect  to 
those  carbon  atoms,  and  it  may  be  possible,  by  fractionally  crystallis- 
ing  the  camphoryl-i/'-semicarbazone  of  an  optically  active  ketone  such 
as  camphor,  to  résolve  the  j^tiseitcZo-semicarbazide  itself  into  enantio- 
morphous  modifi.cations,  One  of  thèse  new  forms  should  yield  with 
benzoquinone  a  josewc^o-semicarbazone  having  [ajp  in  excess  of  that 
recorded  for  the  racemoid. 

The  members  of  the  camphoryl-i/'-semicarbazone  gi  oup  are  character- 
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ised  by  the  tenacity  with  which  they  retain  solvents  of  crystallisatioD, 
particularly  in  the  cases  of  alcohol  and  benzène  ;  the  same  feature 
was  noticed  in  connection  with  the  isomeric  camphorylcarbamides 
(this  vol.,  p.  115),  but  the  high  spécifie  rotation  of  the  ^jse-wtZo-semi- 
cavbazones  renders  it  possible  to  emphasise  this  point  by  polarimetric 
observations.  The  following  values  hâve  been  observed  for  the  cinn- 
amylidene  derivative,  and  illustrate  forcibly  the  words  recently  used 
by  Walden  {Ber.,  1905,  38,  402),  "  es  giebt  keine  indifferenten 
Lbsungsmittel." 


Solveut. 

M.. 

Solvent. 

1       w. 

Ether  

Chloroform 

+  605° 
527 
451 
438 
331 

Niti'omethane  

Acétone 

Alcohol 

Acetic  acid    

Pyridine    

+  307° 
'               162 

Phenetole    

107 
96 

Carbon  disulphide 

-54 

Siinilarly,  the  benzoquinone  compound,  which  gives  [ajo  -  1051°  in 
acétone,  bas  [aju  -545°  in  alcohol,  whilst  the  furfural  derivative 
gives  [a]x,  502°  and  [aju  100-5°  in  chloroform  and  alcohol  respectively. 

Before  proceeding  to  the  expérimental  section,  attention  should  be 
drawn  to  the  readiness  with  which  camphoryl-i/^-semicarbazide  fur- 
nishes  a  monomolecular  anhydride,  produced  by  the  action  of  hydro- 
chloric  acid.  The  constitution  of  this  compound  might  be  represented 
by  the  formulée 

CH— N  CH-N(NH2) 

CgHi^C^I    NH^CO     and     CgHi.^^  j  \o, 

C— NH  C  N 

of  which  the  second  is  that  of  camphoraminoimidazolone.  This  would 
exhibit  properties  recalling  those  of  the  ^JsewfZo-semicarbazide,  and,  as 
the  anhydride  obtained  in  the  manner  described  lias  no  action  on 
ammoniacal  silver  oxide  and  does  not  undergo  condensation  with  aldé- 
hydes, we  believe  it  to  hâve  the  structure  represented  by  the  first  of 
the  above  formulée, 

The  behaviour  of  camphoryl-i//-semicarbazide  towards  Fehling's  solu- 
tion is  remarkable  ;  hot  alkalis  hâve  no  action  on  the  substance,  but 
the  agent  mentioned  oxidises  it  to  camphor  immediately  on  warming 
the  liquid,  and   simultaneously  éliminâtes  nitrogen  and  cyanic  acid, 

CH — N-NH^  +  Ô:  p^ 

CsH  /  I  i èo-i =  C3H,<V^^  +  N,  +  F,0  +  HNC0, 

C(OH)-— NH  : 
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the  présence  of  which  in  tbe  liquid  has  been  definitely  establishecl. 
Mercury  acetamide  also  libérâtes  nitrogen  from  the  ^JsewcZo-semicarb- 
azide  (compare  Trans.,  1898,  73,  783)  without  giving  rise  to  camphor. 

Expérimental. 
Camphor i/l-ip-semicarbazide,  CsHi^<^  i  ^^^CO. 

By  a  slight  modification  of  the  process  described  (this  vol.,  p.  110), 
camphoryl-i/^  carbamide  may  be  obtained  in  a  condit'on  which  renders 
unnecessary  the  crystallisation  from  boiling  water  as  a  step  preparatory 
to  conversion  into  the  nitroso-derivative  ;  this  consists  in  extracting 
twice  with  ether  the  solution  of  aminocamphor  hydrochloride  before 
treatment  with  potassium  cyanate.  ïhus,  the  production  of  the 
/»sewc?o-semicarbazide  from  isonitrosocamphor  may  be  carried  out 
rapidly  and  economically. 

Thirty-five  grams  of  camphoryl-i//-carbamide  were  transformed  into 
the  nitroso-derivative  {loc.  cit.),  and  the  undried  product,  suspended  in 
600  ce.  of  water  with  60  ce.  of  glacial  acetic  acid,  was  treated  with 
25  granïs  of  zinc  dust,  the  température  being  kept  low  by  a  libéral 
supply  of  crushed  ice.  The  nitroso-derivative  rapidly  disappeared, 
and,  when  action  was  complète,  the  colourless  liquid  was  filtered  from 
undissolved  zinc  and  concentrated  on  the  water-bath  until  about 
150  ce.  remained;  on  adding  75  ce.  of  ammonia  (sp.  gr.  0-88),  which 
is  sufficient  to  redissolve  the  zinc  hydroxide,  a  crystalline  precipitate 
of  the  ^^sewf^o-semicarbazide  was  formed,  a  further  quantity  being 
obtained  from  the  filtrate  by  adding  acétone,  the  psewc^o-semicarbazone 
of  which  is  precipitated  a  few  seconds  afterwards.  The  j^seudo-semi- 
carbazide  still  retained  some  zinc  hydroxide,  and  was  therefore  crystal- 
lised  from  a  small  quantity  of  boiling  water  containing  ammonia, 
being  afterwards  dried  in  the  desiccator  and  recrystallised  from  chloro- 
form,  which  deposited  snow-white  needles  melting  at  193°. 

0-1488  gave  0-3194  CO.,  and  0-1 139  HgO.     C  =  58-54  ;  H  =  8-50. 
0-1234     „     20-4  ce  nftrogen  at  19°  and  752  mm.     N=  18-80. 
CijHjgOgNgrequires  0  =  58-66;  H  =  8-44;  N  =  18-66  per  cent. 

A  solution  containing  0  8463  gram  in  25  ce.  of  water  to  which  a 
few  drops  of  alcohol  had  been  added  gave  uq  0°35'  in  a  2-dcm.  tube, 
whence  [ajo  8-6°. 

The  psewcZo-semicarbazide  is  insoluble  in  petroleum  and  sparingly 
soluble  in  benzène,  from  which  it  séparâtes  in  crystals  retaining  the 
solvent  ;  it  is  moderately  soluble  in  warm  chloroform  and  cold  water, 
but  dissolves  very  freely  in  cold  alcohol.  In  the  puritied  condition,  it 
is  a  stable  substance,  but  freshly  precipitated  moist  spécimens  slowly 
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nndergo  oxidation  vvhen  txposed  to  air,  developing  the  odouv  of 
cauaphor  ;  it  reduces  cold  ammoniacal  silver  oxide,  from  which  a 
mirror  is  deposited  on  warmiug.  Ferrie  chloride  libérâtes  nitrogen 
from  an  aqueous  solution,  giving  rise  to  a  white  precipitate,  and 
platinum  tetrachloride  forms  a  dark  brown  liquid  from  which  nitrogen 
is  slowly  evolved.  Fehling's  solution  has  no  action  until  heated,  when 
brisk  disengagement  of  nitrogen  occurs,  cuprous  oxide  being  precipi- 
tated  ;  camphor  distils  in  the  escaping  steam,  and  if  the  experiment  is 
conducted  with  a  few  decigrams  of  material,  it  can  be  shovvn  by  means 
of  the  cobalt  test  that  potassium  cyanate  is  présent  in  the  residual 
liquid.  The  svibstance  itself  is  not  volatile  in  steam,  and  is  not 
removed  from  aqueous  solutions  by  ether  ;  alkalis  are  without  action 
upon  it,  but  hot  hydrochloric  acid  transforms  it  into  the  anhydride 
(see  page  734). 

The  nitrate  is  prepared  most  conveniently  frotn  the  acetone-i//-semi- 
carbazone;  this  is  dissolved  in  nitricacid  (sp.  gr.  l'42),  forming  a  pale 
yellow  syrup  smelling  strongly  of  acétone,  and,  on  adding  10  volumes 
of  pure  ether,  a  clear  solution  is  produced,  setting  almost  immediately 
to  a  transparent  jelly,  which  changes  in  the  course  of  a  few  minutes 
to  a  compact  mass  of  small,  silky  needles. 

0-1496  gave  25-8  ce.  nitrogen  at  20°  and  758  mm.     N  =  19-68. 
GiiHiANgjHNOg  requires  N=  19-44  per  cent. 

The  sait  is  insoluble  in  ether,  but  dissolves  very  freely  in  water, 
forming  a  solution  which  is  strongly  acid  to  litmus. 

The  cuprinitrate  séparâtes  in  the  form  of  a  pale  blue,  crystalline 
precipitate  when  a  concentrated  solution  of  copper  nitrate  in  alcohol 
is  added  to  the  ^jse2Kio-semicarbazide  nitrate  dissolved  in  water  ;  re- 
crystallisation  from  hot  absolute  alcohol  yields  aggregates  of  lustrons, 
flat,  bright  blue  needles.  Two  separately  pi-epared  spécimens  were 
analysed. 

0-1505  gave  00154  CuO.     Cu  =  8-17. 
0-0749     „     0-0077  CuO.     Cu  =  8-21. 

(CiiHi902N3,HN03)2,Cu(N03)^  requires  Ca  =  8-31  per  cent. 

The  sait  décomposes  at  168—170°. 


The  Camphoryl-f-semicarbazones. 

In  preparing  the  condensation  deinvatives  of  camphoryl-i/'-semi- 
carbazide  with  aldéhydes  and  ketones,  it  has  been  the  practice  to 
employ  the  solution  in  dilute  acetic  acid  obtained  on  filtering  undis- 
solved  zinc  from  the  reduced  nitroso-derivative  of  the /^seMcZo-carbamide, 
On  adding  rather  less  than  the  calculated  amount  of  the  aldéhyde  or 
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ketone  to  tliis  liquid  and  raising  the  température  to  80°,  the  carbonyl 
compound  usually  dissolved,  separating  almost  immediately  afterwards 
as  the  ;jseMc?o-semicarbazone,  which  was  of ten  sticky  at  first,  but  soon 
became  crystalline. 

Many  of  the  condensation  products  thus  obtained  bave  been  found 
to  retain  with  great  tenacity  the  solvents  from  which  they  crystallise. 
The  cinnamylidene  compound,  for  example,  dissolves  in  a  small  pro- 
portion of  cold  benzène,  but  séparâtes  immediately  in  crystals 
containing  one  molecular  proportion  of  the  hydrocarbon,  and  in  this 
form  dissolves  with  difficulty  in  boiling  benzène  ;  so  closely  is  the 
Suivent  attached  to  this  compound  that  the  crystals  may  be  dissolved 
in  chloroform  and  recovered  from  this  médium  by  evaporation  without 
displacement  of  benzène  occurring,  The  vanillidene  derivative 
behaves  in  the  same  way,  but  the  analytical  results  in  this  case  were 
less  definite,  falling  short  of  those  required  by  one  molecular  propor- 
tion of  benzène.  The  cuminylidene  compound,  when  crystallised 
from  alcohol,  also  contains  the  sol  vent,  whilst  the  condensation 
product  from  salicylaldehyde,  doubtless  owing  to  the  présence  of  a 
hydroxyl  group,  furnished  results  agreeing  with  water  of  crystallisa- 
tion.  Tbe  substances  obtained  from  benzaldehyde,  m-nitrobenzaldehyde, 
anisaldehyde,  piperonaldehyde,  acétone,  furfuraldehyde,  camphor- 
quinone,  and  ^j-benzoquinone,  were  solvent-free,  but  in  several  of  thèse 
cases  an  altération  in  the  appearance  of  crystals  freshly  withdrawn 
from  the  mother-liquor  indicates  a  tendency  to  combine  with  the 
solvant. 

Benzaldehyde  campJioryl-  ij/-  semicarhazone, 

is  readily  soluble  in  cold  chloroform,  alcohol,  ethyl  acétate,  and 
glacial  acetic  acid,  dissolving  to  a  moderate  extent  in  boiling  acétone, 
fiom  which  it  séparâtes  in  well-formed,  six-sided  prisms  ;  it  is  almost 
insoluble  in  boiling  light  peti'oleum  and  cold  ether,  and  melts  at  223°, 
when  it  décomposes. 

0-1806  gave  0-4566  CO.  and  0-1242  H^O.     C  =  68-95;  H  =  7-64. 

0-1606     „     19-0  ce.  of^nitrogen  at  18°  and  753  mm.     N=  13-54. 

CisHgsOoNgrequires  0  =  69-01;  H  =  7-34;  N  =  13-41  percent. 

A  solution  containing  05002  gram  in  25  ce.  of  chloroform  gave  a^  ^ 
16°50'  in  a  2  dcm.  tube,  whence  \_a\  4206°.  The  semicarbazone  is 
slowly  hydrolysed  by  hot  dilute  hydrochloi'ic  acid,  but  is  stable  towards 
alkalis  ;  it  dissolves  in  concentrated  sulphuric  acid  without  rise  of 
température,  and,  on  warming,  the  solution  develops  an  intense, 
cherry-red  coloration  which  is  destroyed  on  dilution,  when  the  odour 
of  benzaldehyde  becomes  perceptible. 


STUDIES   IN   THE   CAMPHAXE   SERIES.      PART   XIX.  729 

va-Nitrohenzaldehyde  camjihoryl-xp-semicarhazone, 

is  practically  insoluble  in  chloroform,  acétone,  ether,  ethyl  acétate,  and 
light  petroleutn  ;  boiling  alcohol  dissolves  it  very  sparingly,  depositing 
minute,  pale  yellow  needles  which  melt  at  218 — 220^  with  décomposi- 
tion, It  is  moderately  soluble  in  pyridine  and  in  glacial  acetic 
acid. 

01214  gave  0-2681  CO2  and  0  0723  HgO.     C  =  60-23;  H  =  6-62. 
CjgHgoO^N^  requires  C  =  60-33;  H  =  6-14  per  cent. 

A  solution  containing  0-1019  gram  in  25  ce.  of  pyridine  gave  aj, 
0°10'  in  a  2-dcm.  tube,  whence  [ajo  20-4";  02723  gram  dissolved  in 
25  ce.  of  glacial  acetic  acid  gave  1"50',  whence  [a]o  84-1°.  Unlike 
7M-nitrobenzylidenesemicarbazone  itself,  the  substance  is  insoluble  in 
hot  aqueous  sodium  hydroxide,  but  it  dissolves  in  concentrated 
sulphuric  acid,  and  the  solution  becomes  orange-red  when  warmed. 

o-Hijdroxyhenzaldehyde  campîioryl-xp-semicarhazone, 

obtained  from  salicylaldehyde,  dissolves  readily  in  chloroform,  ethyl 
acétate,  acetic  acid,  and  acétone,  being  only  sparingly  soluble  in  light 
petroleum,  from  which  it  crystallises  in  plates.  When  covered  with 
cold  spirit  it  dissolves  very  freely,  separating  almost  immediately  in 
bulky,  lustrous,  hydrated  needles  ;  in  this  condition  it  softens  at  206^ 
and  melts  at  212°,  decomposing  vigorously.  A  spécimen  [left  in  the 
desiccator  during   several   weeks  was  found  to  retain  approximately 


0-1424  gave  0-3321  COg  and  0-0959  H2O.     C  =  63-60  ;  H  =  7-48. 

0-1486     „     0-3464  CO,    „    0-1028  H,0.     C  =  63-57  ;  H  =  7-68. 

0-1751     „     190  ce  of  nitrogen  at  20°  and  752  mm.     N  =  12-28. 

C1SH23O3N3  requires  C  =  65-65  ;  H  =  700  ;  N  =  12-76  per  cent. 

CisH.gOgNg.C^HeO        „        C  =  64-00  ;  H  =  7-72  ;  N  =  11-20    „      „ 

CjgHssOaNg.iH.O        „         C  =  63-90  ;  H  =  7-10  ;  N  =  12-42    „      „ 

A  solution  containing  04130  gram  in  25  ce  of  chloroform  gave  ap 
8°54'  in  a  2-dcm.  tube,  whence  [aj^  269-4°,  corresponding  to  [a]u 
276-8°  for  the  anhydrous  compound.  After  6  hours  in  the  steam 
oven,  0-1406  gram  dissolved  in  25  ce.  of  chloroform  gave  a^  3°ir, 
whence  [ajo  283-0°. 

0-1001  gave  02402  CO^  and  00622  H.O.     C  =  65-44;  H  =  6-90. 
C18H23O3N3  requires  C  =  65-65  ;  H  =  7-00  per  cent. 

The  salicylidene-i/^-semicarbazone  dissolves  in  alkali  hydroxides  and 
VOL.   LXXXVII.  3   D 
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is  reprecipitated  by  acids  ;  ferrie  chloride  develops  an  intense,  dark 
green  coloration  in  alcoholic  solutions. 

'ç-Metlioxyhenzaldehyde  cainphoryl-\p-semicarhazune, 

prepared  from  anisaldehyde,  dissolves  readily  in  benzène  and  in  chloro- 
form,  more  sparingly  in  acétone  and  in  boiling  alcohol,  crystallising 
from  the  latter  in  brilliant,  hexagonal  plates,  insoluble  in  ether  and 
light  petroleam  ;  it  melts  and  décomposes  at  234°. 

0-1790  gave  0-4333  COg  and  0-1252  H2O.     C  =  66-02  ;  H  =  7-77. 
C19H25O3N3  requires  C  =  66-43  ;  H  =  7-34  per  cent. 

A  solution  containing  0-4898  gram  in  25  ce.  of  chloroform  gave  a^ 
17°15'  in  a  2-dcm.  tube,  whenee  [a]i,  440-2°. 
Pi2)eronylidene  camphoryl-if/semicarbazone, 

is  readily  soluble  in  chloroform,  benzène,  acétone,  and  hot  ethyl 
acétate,  crystallising  from  the  last-named  in  silky  needles  ;  hot  alcohol 
dissolves  it  readily,  depositing  lustrons  prisms  which  melt  and 
décompose  at  229°. 

0-2031  gave  0-4711  CO^  and  0-1179  R^O.     C- 63-26;  H  =  6-45. 
C19H23O4N3  requires  C  =  63-87  ;  H  =  6-44  per  cent. 

A  solution  containiog  0  3028  gram  in  25  ce.  of  chloroform  gave  a^ 
10°54'  in  a  2-dcm.  tube,  whenee  [a]o  450-0°. 
Vanillidene  camphoryl-il/-semicarbazo7ie, 

C  H  /Çh-n[n:ch.c,H3(oh).ocïï3] 

dissolves  readily  in  organic  média  excepting  ether  and  light  petroleum; 
it  exhibits  a  marked  tendency  to  combine  with  solvents,  dissolving  in 
a  small  quantity  of  eold  benzène,  from  whieh  it  séparâtes  immediately 
afterAvards  in  crystals  containing  the  hydrocarbon.  The  compound 
melts  at  219°. 

0-1765  gave  0-4345  CO2  and  0-1144  HgO.  C  =  67-15;  H  =  7-20. 
0-2266  „  19-8  ce  of  nitrogen  at  19°  and  742  mm.  N  =  9-80. 
0-1755  „  15-4  ce  of  nitrogen  at  20°  and  748  mm.  N  =  9-88. 
CigHgjO^Ng  requires  0  =  63-51;  H  =  6-96;  N  =  11-70  per  cent. 
Ci9H2.Ô4N3,C^H,;  requires  0  =  68-65;  H  =  7-09;  N  =  9-61  percent. 

A  solution  containing  0-2268  gram  in  25  ce  of  chloroform  gave  a^ 
5°36'  in  a  2-dcm.  tube,  whenee  [a]„  308-6°,  corresponding  to 
[a]i,  375°  approximately  for  the  solvent-free  compound.     A  spécimen 
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crystallised  from  alcohol,  in  which  it  dissolves  very  readily,  also  gave 
results  indicating  the  présence  of  the  solvent. 

0-1460  gave  0-3292  CO.,  and  0-0969  H2O.     C  =  61-50  ;  H  =  7-37. 
Ci9H2504N3,aF,.0  requires  0  =  62-22;  H  =  7-65  percent. 

Cuminylidene  camphori/l-xj/semicarbazone, 

prepared  from  cuminaldehyde,  is  freed  from  the  characteristic  smell  of 
that  substance  with  the  greatest  difficulty.  It  is  readily  soluble  in 
organic  média  excepting  ether  and  petroleum,  and  melts  at  229°,  when 
it 


0-1434  gave  0-3675  CO2  and  0-1111  H2O.     0  =  69-89;  H  =  8-60. 

0-1862     „     0-4744  OO2  and  0-1433  H2O.     0  =  69-48  ;  ïï=  8-55. 

O21H29O2N3  requires  0  =  7099^;  H  =  8-17  per  cent. 

02iH2902lSr3,C2H,;0  requires  0  =  68-82  ;  H  =  8-73  pei-  cent. 

A  solution  containing  0-2996  gram  in  25  ce.  of  chloroform  gave  a^ 
9°20'  in  a  2-dcm.  tube,  whence  [a]o  390-0°,  corresponding  approxi- 
mately  to  [ajo  415°  for  the  solvent-free  compound. 

C innamylidene  camjyhoryl-\l/-semicarhazone, 

çh.n(n:oh-oh:oh-c,h,) 

bas  been  examined  in  greater  détail  on  account  of  its  unusually  high 
spécifie  rotatory  power.  Twenty  grams  of  camphorylnitroso  i/^- 
carbamide  were  reduced  with  zinc  and  dilute  acetic  acid,  the  filtered 
solution  being  treated  with  10-5  grams  of  cinnamaldehyde,  and 
warmed  on  the  water-bath.  The  limpid  oil  having  changed  to  a  yellow, 
viscous  product,  the  heating  was  discontinued,  and  the  semicarbazone 
withdrawn  from  the  liquid  was  rubbed  with  a  small  quantity  of  cold 
alcohol  and  drained  on  earthenware.  Fifteen  grams  of  a  pale  yellow 
powder  were  obtained,  and  on  covering  the  dry  substance  with  cold 
benzène  it  dissolved  freely,  separating  immediately  afterwards  in 
crystals  which  dissolve  sparingly  in  the  boiling  solvent  ;  this  deposited 
minute  octahedra  melting  at  219°  with  disengagement  of  gas.  After 
exposure  to  air  during  2  hours, 

0-2055  gave  05606  OOg  and  0-1415  H2O.     0  =  74-40;  H  =  7-65. 

O00H25O2N3  requires  0  =  70-80  ;  H  =  7-37  per  cent. 

C2oH2502N3,O^H^  requires  0  =  74-82  ;  H  =  7-43  per  cent. 

A  solution  containing  0-2604  gram  in  25  ce.  of  chloroform  gave  au 
8°43'  in  a  2-dcm.  tube,  whence  [a]o  418-4°,  corresponding  to 
[ajo  514-4°  for  the  solvent-free  compound  ;  the  residue  obtained  by 
evaporating  this  liquid  on  the  water-bath   gave   [a]„  425-0°,  showing 

3  D  2 
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that  scarcely  any  benzène  had  been  removed,  whilst  exposure  to  100° 
dtiring  3  hours  raised  the  spécifie  rotatory  power  to  [aju  527*5°. 
Further  heating  appeared  to  racemise  the  substance,  a  spécimen  which 
originally  gave  [aju  418°  giving  [aju  483°  after  12  hours  in  the  steam 
oven. 

Déterminations  of  the  spécifie  rotatory  power  of  the  material 
having  [aj^  527 "5°  in  chloroform  hâve  been  made  with  a  varie ty  of 
solvents  ;  the  following  results  were  obtained  in  a  2-dcm.  tube,  the 
solution  in  each  case  being  made  up  to  25  ce.  ; 

0'2106  gave  a^  10°12'  in  ether,  whence  [a]^  605-4°, 

0-1751     „     ai,    4  38   in  carbon  disulphide,  whence  [ajo  SSO^"^. 

0-2011     „     ai,    2  36  in  acétone,  whence  [aji,  161-6°. 

0-2247     „     ai>    1  55  in  alcohol,  whence  [ajo  106-6°. 

0-2076     ,,     ao    1  36   in  glacial  acetic  acid,  whence  [aju  96-3°. 

0-2094     „     au -0  54  in  pyridine,  whence  [ajo- 53-7°. 

Expérimenta  were  made  also  with  the  spécimen  containing  benzène 
of  crystallisation.  A  solution  having  0-2172  gram  in  25  ce.  of 
bromobenzene  gave  a^  6°9',  whence  [a]i,  355-9°,  or  [ajo  437-8°  for  the 
solvent-free  substance;  0-1160  gram  dissolved  in  20  ce.  of  nitro- 
methane  gave  a^  2°54',  whence  [a]r,  250-0°  or  [aj^  307-5°,  solvent- 
free  :  0-2459  gram  dissolved  in  20  ce  of  phenetole  gave  Ud  9°r, 
whence  [a]i,  366-7°  or  [a]i,  451*1°  for  the  solvent-free  compound. 

On  allowing  the  solution  in  acétone  to  evaporate  slowly,  large, 
transparent,  highly  refractive  crystals  separate,  but  within  a  few 
seconds  of  withdrawing  thèse  from  the  mother-liquor  they  become 
opaque  whilst  retaining  their  lustre,  and  ultimately  resemble  glazed 
porcelain, 

The  cinnamylidene  derivative  is  insoluble  in  light  petroleum,  and 
only  moderately  in  ether  and  benzène  j  in  the  other  média  mentioned, 
it  dissolves  readily.  A  solution  in  concentrated  sulphuric  acid  is 
deep  yellow,  changing  to  cherry-red  and  carminé  when  warmed  ;  on 
diluting  this  liquid,  the  odour  of  cinnamaldehyde  becomes  noticeable. 

Furfuraldehyde  camphoryl-\l/-semicarhazone^ 

séparâtes  in  crystals  a  few  moments  after  the  aldéhyde  is  added  to  a 
solution  of  camphoryl-)//-semicarbazide  in  25  per  cent,  acetic  acid,  and 
by  recrystallisation  from  alcohol  is  obtained  in  aggregates  of  flat, 
transparent,  rhomboidal  prisms  which  décompose  without  complète 
fusion  at  222°.  The  crystals  become  dull  and  opaque  in  the  desic' 
cator. 

0*2185  gave  0-5064  CO2  and  0-1412  H.O.     C  =  63-21;  H  =  7-18. 
CjgHgiOgNg  requires  C  =  63-36  ;  H  =  6*93  per  cent. 
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A  solution  containing  0'1004  gram  in  25  ce.  of  chloroform  gave 
ap4°2'ina  2-dcm.  tube,  whence  [ajo  502-2°  ;  0'2301  gram  dissolved 
in  25  ce.  of  absolute  alcohol  gave  a^  l°ol'  in  the  same  tube,  whence 
[a]jy  100 '5°.  The  substance  is  insoluble  in  petroleum  and  only 
sparingly  soluble  in  ether,  but  dissolves  readily  in  hot  alcohol, 
acétone,  and  ethyl  acétate  ;  it  is  f reely  soluble  in  chloroform  and  glacial 
acetic  acid. 

Acétone  camphoryl-\lj-semicarhazone, 

precipitated  almost  immediately  on  adding  acétone  to  an  ammoniacal 
solution  of  the  jyseiido-semicàvhazide,  crystallises  from  alcohol  in 
lustrons  needles  and  melts  at  217°  with  vigorous  disengagement 
of  gas. 

0-1649  gave  0-3823  COg  and  0-1319  H^.     C  =  63-22;  H  =  8-88. 
CnHos^a^s  requires  0  =  63-39  ;  H  =  8-68  per  cent. 

A  solution  containing  0-1098  gram  in  25  ce  of  chloroform  gave 
[ajo  -  1°39'  in  a  2-dcm.  tube,  whence  [ajo  -  187-8°.  The  compound  is 
insoluble  in  petroleum,  and  only  sparingly  soluble  in  benzène  and 
ether  ;  it  is  moderately  soluble  in  hot  alcohol  and  acétone,  dissolving 
readily  in  ethyl  acétate  and  chloroform. 

The  acétone  /?seM(io-semicarbazone  is  indiffèrent  towards  hot  alkalis, 
but  is  hydrolysed  immediately  by  dilute  hydrochloric  acid,  the  smell 
of  acétone  being  readily  distinguishable  in  the  liquid,  which  reduces 
Fehling's  solution  when  rendered  alkaline. 

Camphorquinone  camphoryl-xp-semicarbazone, 

obtained  as  a  granular  precipitate  on  warming  the  quinone  with  a 
solution  of  the  ^^seMcZo-semicarbazide  in  50  per  cent,  acetic  acid, 
crystallises  from  boiling  methyl  alcohol  in  silky,  sulphur-yellow 
needles  and  melts  at  234°,  when  it  décomposes. 

0-1126  gave  0-2785  00^  and  0-0861  H2O.     0  =  67-45;  H  =  8-49. 
C2iH3^03N3  requires  0  =  67-56  ;  H  =  8-31  per  cent. 

A  solution  containing  02354  gram  in  25  ce.  of  chloroform  gave 
od  -5°55'  in  a  2-dcm.  tube,  whence  [a]^  -314-2°.  The  substance  is 
insoluble  in  petroleum,  and  only  very  slightly  soluble  in  boiling 
benzène,  but  it  dissolves  with  moderate  readiness  in  boiling  acétone, 
ethyl  acétate,  methyl  alcohol,  and  ethyl  alcohol. 

Benzoquinone  camphoryl-\p-semicarhazone, 
ÇH-N(N:CeH,0) 
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séparâtes  in  shimmering  brown  leaflets  on  warming  t'or  a  few  moments 
the  dark  red  liquid  obtained  when  benzoquinone  is  dissolved  by  a 
solution  of  the  ^jsewcZo-semicarbazide  ia  50  par  cent,  acetic  acid  ;  it 
crystallises  from  boiling  methyl  alcohol  in  lustrons,  golden-brown 
needles  with  faint  violet  reflex,  and  melts  at  197°,  when  it  décom- 
poses. 

0-1 364  gave  0-3221  CO2  and  0-0829  H,0.     C  =  64-40  ;  H  =  6-75. 

0-1195     „     14-5  ce.  of  nitrogen  at  20°  and  746  mm.     N  =  13-32. 

C1-H21O3N3  requires  C  =  64-76  ;  H  =  666  ;  N  =  13-33  per  cent. 

The  substance  is  insoluble  in  boiling  petroleum,  dissolving  very 
sparingly  in  boiling  benzène  and  warm  efcher  ;  it  is  moderately 
soluble  in  cold  glacial  acetic  acid,  hot  acétone,  and  hot  ethyl  acétate, 
whilst  pyridine  dissolves  it  freely.  A  détermination  of  the  solubility 
in  chloroform  showed  that  one  gram  requii-es  about  2500  ce.  of  the 
cold  Suivent. 

A  solution  containing  01018  gram  in  20  ce.  of  pyridine  gave 
aj,  -  10°42'  in  a  2-dcm.  tube,  whence  [ajo  -  1051°,  which  follows  also 
from  od  -  2°50',  given  by  0-1011  gram  dissolved  in  75  ce  of  acétone  ; 
0-0164  gram  in  50  ce  of  chloroform  gave  ao  -  0°42',  whence 
[a]i,  -  1067°,  and  a  solution  containing  00233  gram  in  25  ce  of 
absolute  alcohol  gave  ay  -  1°!',  whence  [a]D-545°. 

CH— N 

/\        /  \ 
The  Anhychide  of  Cariiphori/l-\l/-semicarhazide,  CgHj^.     1     NH      .CO. 

C— NH 

On  obtaining  caniphoryl-^-semicarbazide  for  the  first  time,  about 
twelve  months  ago,  we  believed  it  to  hâve  the  normal  constitution 
corresponding  to  methylsemicarbazide,  NH2*N(CH3)'CO'NH2,  and 
accordingly  endeavoured  to  prépare  from  it  the  unknown  camphoryl- 
hydrazine,  CjqH^jO'NH-ISHo,  in  the  manner  by  which  von  Briining 
obtained  methylhydrazine  from  nitrosomethylcarbamide  (Annalen, 
1889,  253,  7).  Camphorylnitroso-i/^-carbamide  was  therefore  reduced 
Avith  zinc  and  acetic  acid,  the  solution  of  josewcZo-semicarbazide  being 
filtered,  evaporated  to  small  bulk,  and  heated  with  excess  of  coucen- 
trated  hydrochloric  acid  during  8  hours  in  a  reflux  apparatus  ;  on 
driving  off  the  excess  of  hydrochloric  acid  and  diluting  largely  with 
water,  a  precipitate  was  obtained  which,  after  crystallisation  from 
alcohol,  could  be  sublimed  in  minute,  silky  threads  resembling  philo- 
sopher's  wool.  If  the  substance  is  fused  on  a  spatula  and  allowed  to 
return  to  the  température  of  solidification,  a  woolly  cluster  of  silky 
threads  suddenly  covers  the  solid. 
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(J  1 920  (sublimed)  gave  0-4504  CO.,  and   0-1454  HgO.     C  =  63-98; 

H=8-41. 
0-1045    (sublimed)    gave   18-5   ce.  nitrogen  at   25°  and    770    mm. 

N  =  20-58. 
01660  (unsublimed)  gave  0-3878  CO2  and  0-1238  H.p.     C  =  63-71  ; 

H  =  8-40. 
Cj^H^yONg  requires  0  =  63-77;  H  =  8-21  ;  N  =  20-29  per  cent. 

The  sublimed  anhydride  melts  at  280°  and  is  moderately  soluble  in 
alcohol,  fi'om  which  it  erystallises  in  silky  needles  ;  it  dissolves  in 
concentrated  hydrochloric  acid  and  is  precipitated  on  dilution.  It  is 
sparingly  soluble  in  cold  chloroform,  acétone,  ethyl  acétate,  and  boil- 
ing  benzène,  more  readily  in  glacial  acetic  acid,  but  is  insoluble  in 
cold  benzène  and  petroleuni.  Fehling's  solution  has  no  action  on  it, 
and  attempts  to  methylate  and  benzoylate  the  substance  were  un- 
successful. 

The  spécimen  obtained  in  the  manner  described  appears  to  bave 
become  racemised,  a  solution  containing  0-1123  gram  in  25  ce.  of 
chloroform  giving  a^  -  0°50'  in  a  2-dcm.  tube,  whence  [aj^  -  92-7°  ;  a 
more  highly  active  product,  however,  has  been  obtained  by  hydrolys- 
ing  the  acetone-i/^-semicarbazone  with  hydrochloric  acid,  and  crystal- 
lising  the  product  from  alcohol,  which  deposited  hard,  lustrous  plates 
melting  at  276°. 

0-1950  gave  04528  COg  and  0-1477  H^O.     C  =  63-33  ;  H  =  8-41. 
0-1675     „     30-2  ce.  nitrogen  at  20°  and  766  mm.     N  =  20-30. 
CiiH^yONg  requires  0  =  63-77;  H  =  8-21;  N  =  20-29  per  cent. 

A  solution  containing  O'IOll  gram  of  this  spécimen  in  20  ce.  of 
chloroform  gave  an  -  1°53'  in  a  2-dcm.  tube,  whence  [ajo  -186-2°. 
On  heating  this  spécimen  with  hydrochloric  acid  on  the  water-bath 
during  24  hours,  the  spécifie  rotatory  power  fell  to  [ajo  -181-5°, 
indicating  slight  racemisation  ;  it  was  not  expected  that  the  low  figure 
of  the  first  préparation  would  be  reached,  because  that  material  had 
been  in  contact  with  moderately  strong  hydrochloric  acid  during  six 
months. 

Suhstituted  a-Camphylcarhamides. 

The  production  of  two  isomeric  carbamides  from  a-aminocamphor 
(this  vol.,  p.  110)  led  us  to  study  the  action  of  cyanic  acid  on  acam- 
phylamine,  the  unsaturated  base  obtained  by  reducing  a-campholeno- 
nitrile  with  sodium  and  alcohol.  first  by  Goldschmidt  and  Schulhoff 
{Ber.,  1886,  19,  709)  and  later  by  Tiemann  {Ber.,  1896,  29,  3006). 
Although  this  base  is  converted  readily  into  the  normal  carbamide 
derivative  when  the  hydrochloride  is  mixed  with  potassium  cyanate, 
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our  attempts  to  prépare  an  isomeride  corresponding  to  camphoryl-i//- 
carbamide  hâve  been  unsuccessful. 

By  the  action  of  nitrous  acid  on  the  carbamide,  a-camphylcarbimide 
bas  been  obtained  in  the  form  of  an  cil  with  a  penetrating  odour,  but 
distillation  causes  it  to  décompose  violently  ;  nevertheless,  its  chemical 
nature  is  clearly  established  by  the  production  of  substituted  carb- 
amides  from  interaction  with  primary  bases. 

a-Camjyhylcarhamide,  Cjoïïji^'NH'CO'NHg. 

Fifty  grams  of  a-camphylamine  were  dissolved  in  1700  ce.  of  water 
containing  75  ce.  of  concentrated  hydrochloric  acid,  and  treated  with 
a  solution  containing  75  grams  of  potassium  cyanate  in  200  ce  of 
water  ;  in  the  course  of  2  hours,  a  considérable  amount  of  the  carb- 
amide had  separated  in  felted  needles,  and,  a  further  20  grams  of 
potassium  cyanate  having  been  added,  action  was  allowed  to  proceed 
during  12  hours.  After  recrystallisation  from  dilute  alcohol,  the 
compound  melted  at  110°. 

0-1011  gave  0-2492  CO2  and  0-0949  ïïgO.     C  =  67-22;  H  =  10-43. 
C,iH2oON2  requires  C  =  67-34  ;  H  =  10-20  per  cent. 

The  carbamide  is  insoluble  in  petroleum,  but  dissolves  very  readily 
in  alcohol,  chloroform,  and  benzène,  separating  immediately  from  the 
last-named  solvent  in  the  form  of  a  jelly,  which  becomes  crystalline 
in  the  course  of  24  hours  ;  this  property  is  due  to  association  with  the 
hydrocarbon,  thus  recalling  the  behaviour  of  the  camphoi^ylcarbamides. 
It  does  not  redace  Fehling's  solution. 

Ail  attempts  to  produce  a  nitroso-derivative  or  to  convert  the  carb- 
amide into  an  isomeric  substance  corresponding  to  camphoryl-i/^-carb- 
amide  having  failed,  we  regard  the  compound  as  having  the  normal 
structure  of  a  substituted  urea,  and  as  being  incapable  of  existence  in 
the  pseudo-iovxa. 

a-Camjyhylcarhimide,  CjoH^p^'N ICIO. 

Twenty-five  grams  of  a-camphylcarbamide  were  suspended  in  400  ce. 
of  water  to  which  60  ce  of  hydrochloric  acid  had  been  added,  the  sub- 
stance dissolving  almost  entirely  ;  crystals  of  sodium  nitrite  were 
then  added  to  the  uncooled  liquid  until  the  green  colour  at  first  de- 
veloped  had  disappeared,  nitric  oxide  being  then  liberated.  Meanwhile, 
there  separated  an  oil  having  an  overpowering,  tear-exciting  odour, 
surpassing  those  of  camphorylcarbimide  and  bornylcarbimide  in  dis- 
agreeable  qualities  ;  this  product  was  collected  with  ether,  dried  with 
calcium  chloride,  and  heated  in  a  distilling  flask,  but  on  reaching  the 
boiling  point  violent  effervescence  ensued,  a  portion  of  the  material 
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being  shot  out  of  tlie  flask,  whilst  the  remainder  became  solid.  On 
repeating  the  préparation,  the  oil  was  distilled  in  steam,  wbich  con- 
verted  about  one-half  into  dicamphylcarbamide,  allowing  the  other  to 
pass  over  ;  this  spécimen  was  converted  into  the  following  derivatives, 
readily  obtained  in  each  case  by  the  action  of  the  corresponding  base 
dissolved  in  benzène. 

%-Camphylp%peridylcarham%de,  CO<C^tsj-  p  tt°    ^^ ^   crystallises  from  a 

mixture  oï  benzène  and  peti^oleum  in  leaflets  melting  at  118°, 

0-0884  gave  0-2344  COo  and  0-0848  HgO.     0  =  72-32  ;  H  =  1066. 
CjgHjgONg  requires  C  =  72-72  ;  H  =  10-60  per  cent. 

S'Camphyljjhenylcarhamide,  CO\txTT.n^tr  ^'^j  séparâtes  from  dilute 

alcohol  in  needles  melting  at  120 — 121°. 

0-1141  gave  0-3129  CO2  and  00940  ïïgO.     0  =  74-79;  H  =  915. 
O17H2PN2  requires  C  =  75-00  ;  H  =  883  per  cent. 

&-Camphyl-^-tolylcarha7nide,  ^^^-siw.n^vf  ]nxx  >    crystallises    from 

dilute  alcohol  in  stellate  groups  of  long,  slender  needles  melting  inde- 
finitely  at  135°. 

0-1596  gave  04406  CO2  and  0-1327  H^O.     0  =  75-29;  H  =  924. 
Oi8H2eON2  requires  0  =  75-52  ;  H  =  9-09  per  cent. 

^-Dicamphylcarbamide,  00(NII'CjqH^..)o,  remains  in  the  flask  from 
■which  camphylcarbimide  bas  been  distilled  with  steam  ;  it  crystallises 
from  alcohol  in  slender,  lustrons  needles  melting  somewhat  indefinitely 
at  153—154°. 

0-1035  gave  0-2888  CO2  and  0-1006  HgO.     0  =  7609;  H  =  10-80. 
OjiHggONg  requires  0  =  75-91  ;  H  =  10-84  per  cent. 

Thèse  der-ivatives  of  camphylamine  are  not  sufficiently  interesting 
to  invite  further  investigation,  but  the  study  of  camphoryl-i//-semi- 
carbazide  is  being  continued. 

KoYAL  Collège  of  Science,  London, 
South  Kensington,  S.W. 


738       FRIEND:   ESTIMATION   OF   POTASSIUM   PERMANGANATE 

LXXIV. — Estimation  of  Potassium  Permanganate  in  the 

jjresence  of  Potassium  Persulphate. 

By    John    Albert    Newton    Friend,    M. Se. 

1t  is  well  known  that  persulphates  liberate  iodine  from  potassium 
iodide  (Marshall,  Proc.  Roy.  Soc.  Edin.,  1S98,  22,  388).  In  fact,  this 
reaction  affords  a  method  for  their  quantitative  estimation  {Chem. 
Zeit.,  1899,  23,  699).  If,  however,  dilute  solutions  of  both  are 
employed,  the  iodine  is  liberated  very  slowly.  A  séries  of  experiments 
has  been  carried  out  in  order  to  détermine  whether  the  présence  of 
small  quantities  of  persulphate  would  interfère  with  the  iodometric 
estimation  of  potassium  permanganate  in  dilute  solution,  the  results 
of  which  are  indicated  below. 


1.  Concentration  of  Iodide. 

The  permanganate  solution  was  freshly  prepared  each  day  (Gardner 
and  North,  /.  Soc.  Chem.  Ind.,  1904,  23,  599)  by  dissolving  the 
crystals  in  cold  water.  Portions  of  the  solution  were  aciditied,  mixed 
with  persulphate  solution,  and  diluted  to  150  ce.  Varying  quantities 
of  potassium  iodide  solution  were  then  added,  and  after  standing  for 
one  minute  the  liberated  iodine  was  estimated  by  titration  with 
iV/100  sodium  thiosulphate,  which  had  been  made  several  days 
previously  (Dupré,  Zeit.  angeio.  Chem.,  1904,  17,  815).  Fresh  starch 
solution  was  used  as  indicator,  and  the  sulphuric  acid  was  approxi- 
mately  1/10  molecular. 

In  the  following  séries  : 

Column  I  gives  the  number  of  grams  of  persulphate  in  solution. 

Column  II  gives  the  titration  in  ce.  of  thiosulphate  when  just 
sufficient  iodide  had  been  added  to  reduce  the  permanganate. 

Columns  III,  IV,  V,  and  VI  give,  respectively,  the  titrations 
when  twice,  three  times,  four  time",  and  six  times  the  équivalent  of 
iodide  had  been  added. 

Séries  I. 


I. 

II. 

m. 

IV. 

V. 

VI. 

0  -00  Ki'am 

19-41  ce. 

19-41  ce. 

19-41  ce 

19-41  ce. 

19-41 

0-02     ., 

19-36    ,. 

19-41     .. 

19-44    ., 

19-42    .. 

19-47 

0-04     ., 

19-38    ,, 

19-41    ,, 

19-41     .. 

19-43    ,, 

19-48 

0-06     .. 

19-40    ., 

19-40    .. 

19-49    ,, 

19-48    .. 

19-50 

0-08     „ 

19-38    ., 

19-41    ,, 

19-49    ,, 

19-48    ,, 

19-53 

0-10     ., 

19-41     .. 

19-49    ,. 

19-50    „ 

19-53    ,, 

19-60 

The  foregoing  results  show  that  the  concentration  of  the  iodide  has 
a  slight  but  decided  effect  on  the  titrations,  the  most  accurate 
results  being  obtained  when  only  a  slight  excess  of  iodide  is  used. 
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2.   Concentration  of  Acid. 

The  results  obtained  by  varying  the  concentration  of  the  sulphuric 
acid  are  given  in  Séries  II. 

Column  I  gives  the  concentration  of  the  acid.* 

Columns  II,  III,  ani  IV  give  the  titrations  with  iV/100  thio- 
sulphate  in  the  présence  of  O'OJ:  gram,  0-06  gram,  and  0'08  gram 
of  persulphate  respectively. 

As  before,  the  solutions  were  diluted  to  150  ce.  before  titration, 
and  only  a  very  slight  excess  of  iodide  was  added. 

Séries  II. 

KaS.Ps,  K^S.Pg,  KoSgOg, 

H2SO4.  0-04  gram.  0 '06  gram.  0  08  gram. 

il//18    ....' 19-42  ce.  14-94  CL-.  14-97  ce. 

Mj'd  19-41    ,,  14-96    ,,  14-99    „ 

3//6  19-41     ,,  14-99    ,,  15-00    ,, 

MIZ  19-40    ,,  15-00    ,,  15-00    ,, 

-    Theoretical  values 19-41     ,,  14^95    ,,  1495    ,. 

The  concentration  of  the  acid  bas  but  little  effect  when  the  amount 
of  persulphate  is  small.  The  most  accurate  results  are  obtained, 
however,  -when  the  acidity  is  reduced  to  a  minimum  (compare  Trans., 
1904,  85,  601). 

From  the  foregoing  results,  it  appears  that  correct  titrations  may 
be  obtained  if  (1)  only  a  slight  excess  of  iodide  is  added;  (2)  but 
little  acid  is  présent, 

That  such  is  the  case  will  be  évident  from  a  considération  of  the 
following  data. 

Column  I  gives  the  number  of  gi'ams  of  persulphate. 

Column  II  gives  the  titration  in  ce.  of  NjlOO  thiosulphate. 

Column  III  gives  the  theoretical  titration,  that  is,  the  titration  ob- 
tained when  no  pei'sulphate  is  présent.  The  volume  titrated  was  160 
ce,  the  concentration  of  acid  being  approximately  1/20-molecular. 


Séries  III. 

I. 

II. 

III. 

I. 

II. 

III. 

0-02  gram 

13-54  ce. 

13-50  ce 

0-06  gram 

13-54  ce 

13-50 

0-02     ., 

14-98    ,, 

14-96    „ 

0-06     ,, 

14-95    ,, 

14-96 

0-02     ,, 

15-55    ., 

15-54    „ 

006     „ 

15-53    „ 

15-54 

0-02     ,, 

16-00    ,, 

1600    ,, 

0-06     ,, 

16-00    „ 

16-00 

0-04     ,. 

13-48    ,, 

13-50    ,, 

0-08     ., 

13-51     „ 

13-50 

0-04     ,, 

14-95    ,, 

14-96    „ 

0-08     ,, 

14-98    ,, 

14-96 

0-04     ,, 

15-51    ,. 

15-54    ,, 

0-08     ,, 

15-56    „ 

15-54 

0-04     ,, 

15-99    ,, 

16-00    ., 

0-08     „ 

16-01    ,, 

16-00 

i)/=iuolecular  wcight  iu  grams  per  litre. 
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Conclusion. — If  proper  précautions  are  taken,  small  quantities  of 
potassium  permanganate  may  be  estimated  iodometrically  in  the 
présence  of  any  weight  of  potassium  persulphate  not  exceeding  0*08 
gram. 

The  Grammar  School, 
"Watford. 


LXXV. — The    Purification    of    Water    hy    Continuons 

Fractional  Distillation. 

By  William  Bobert  Bousfield,  M.A.,  K.C.,  M,P. 

The  metliod  generally  used  in  preparing  water  of  a  high  degi'ee  of 
purity  is  that  which  was  introduced  by  Stas  in  the  course  of  his 
atomic  weight  déterminations.  The  organic  matter  in  the  water 
is  oxidised  by  distilling  successively  with  strong  and  with  dilute 
alkaliue  permanganate  (Stas  used  the  manganate),  and  the  ammonia 
produced  by  the  oxidation  is  removed  by  distilling  a  third  time 
with  potassium  hydrogen  sulphate.  Whilst  ordinary  good  distilled 
water  has  a  couductivity  of  some  5  to  10  reciprocal  megohms  per 
centimètre  cube,  it  is  possible,  by  Stas'  method  under  favourable 
conditions,  to  obtaiu  water  having  a  couductivity  of  barely  one  of 
thèse  units.* 

Kohlrausch  has  recently  shown  that  the  couductivity  of  water 
purified  by  Stas'  method  may  be  further  reduced  from  0-9  to  0-5 
by  keeping  it  in  contact  with  an  atmosphère  freed  from  carbon 
dioxide  by  means  of  lime  {Zeit.  Physikal.  Chem.,  1902,  42,  193). 
A  somewhat  remarkable  further  purification  took  place  when  water, 
freed  from  carbon  dioxide  in  this  way,  was  acted  on  by  a  current 
of  purified  air  while  in  contact  with  platinum  électrodes.  The 
platinum  black,  saturated  with  oxygen,  appears  to  oxidise  the 
volatile  organic  impurities,  and  the  carbon  dioxide  produced  is 
carried  off  by  the  current  of  air.  Any  ammonia  that  might  be 
présent  is  probably  oxidised  to  nitrogen  and  water.  This  further 
purification  reduces  the  couductivity  of  the  water  to  0-2  to  0-3 
gemmhos,  and  although  this  value  is  five  times  as  great  as  that 
recorded  by  Kohlrausch  and  Heydweiler  for  water  purified  in 
a   vacuum   {Wied.   Annalen,   1894,   53,    209),  it   is   nevertheless   toc 

*  The  suggestion  that  the  names  for  the  units  of  couductivity  shoukl  be  derived 
by  reversing  the  names  of  the  corresponding  units  of  résistance  is  due  to  Lord 
Kelvin.  For  many  purposes  the  reciprocal  megohm  is  a  more  convenient  unit  of 
couductivity  than  the  reciprocal  ohm,  and  Prof.  Ayrton  has  suggested  that  it  may 
conveniently  be  described  as  a  "gemmho." 
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pure  to  be  easily  preserved,  and  unless  spécial  précautions  are 
adopted  it  soon  reverts  to  the  normal  conductivity  of  water,  purified 
in  contact  witli  the  atmosphère. 

With  the  object  of  testing  how  far  the  purification  of  water 
could  be  carried  by  redistillation,  an  apparatus  was  some 
time  ago  constructed  by  the  author,  in  which  two  platinum 
tubes  were  suspended  over  platinum  cups  in  an  exhausted  receiver, 
the  two  tubes  being  cooled  internally  by  the  circulation  of  water. 
They  thus  served  as  condensers,  so  that  the  condensed  water  ran 
down  into  the  platinum  cups,  and  its  conductivity  could 
be  measured  between  tube  and  cup  as  électrodes.  The  water  over- 
flowed  the  cups  and  was  thus  redistilled  continuously.  The  water 
circulation  passed  from  one  tube  to  the  other,  so  that  there  was  a 
slight  différence  of  température  between  the  condensing  tubes,  one 
being  at  about  18°  and  the  other  at  about  20°.  This  apparatus 
did  not  give  the  anticipated  results,  but,  incidentally,  an  important 
observation  was  made  which  led  to  the  construction  of  the  still 
which  is  the  subject  of  this  paper.  It  was  observed  that  the  cooler 
tube  always  condensed  the  purer  water,  as  measured  by  its  con* 
ductivity,  which  suggested  the  présence  of  a  volatile  organic  im- 
purity  having,  a  slightly  higher  boiling  point  than  water,  and  the 
possibility  of  separating  such  impurity  on  a  practical  scale  by  a 
process  of  fractionation  depending  on  the  use  of  surfaces  of  différent 
températures. 

The  production  of  water  of  a  high  degree  of  purity  for  conduc- 
tivity work  with  dilute  solutions  is  a  matter  of  great  importance, 
and  the  object  of  the  still  which  forms  the  subject  of  the  présent 
communication  is  to  effect,  by  a  single  continuous  opération,  the 
préparation  of  large  quantities  of  water  having  a  conductivity  not 
greatly  exceeding  one  gemmho,  a  value  that  may  be  taken  as 
typical  of  a  thoroughly  good  sample  of  conductivity  water.  This 
resuit  has  been  achieved  by  a  process  of  fractional  distillation,  in 
which  water  is  continuously  distilled  and  fractionally  condensed  on 
surfaces  differing  in  température  and  in  the  material  of  which  they 
are  constructed.  As  is  indicated  below,  this  method  of  purification 
has  been  found,  without  any  preliminary  purification,  to  produce 
water  ab  least  equal  in  purity  to  that  prepared  by  the  three  opéra- 
tions of  Stas'  method.  The  still  can  be  run  continuously  day  and 
night,  and  it  is  possible  to  collect  every  twenty-four  hours  some 
ten  litres,  with  no  further  trouble  than  that  necessitated  by  the 
occasional  cleaning  of  the  still. 
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Expérimental. 

The  apparatus  consists  of  two  parts,  a  still  and  a  condenser,  and 
the  gênerai  arrangement  of  thèse  is  shown  in  Fig.  1. 

(1)  The  still,  shown  in  section  in  Fig.  2,  was  specially  designed 
to  prevent  particles  of  spray  from  being  carried  over  with  the 
steam.  The  copper  cylinder  which  forms  the  boiler  is  fvirnished 
with  a  branch-pipe.  A,  and  the  water  to  be  distilled   is  fed   con- 


FlG.    ]. 


tiniiously  into  the  opening,  B,  the  excess  of  water  escaping  at  F. 
The  circulating  water  from  the  hottest  condensing  tube  is  used 
for  the  feed  water.  The  steam  ascending  from  the  boiling  water 
passes  upwards  to  the  top  of  the  cylinder,  then  down  through  holes 
in  a  séries  of  baffle-plates,  and  finally  upwards  through  a  central 
tube,  from  which  it  is  delivered  to  the  condenser.  The  spray,  which 
is  driven  against  the  baffle-plates,  runs  down  the  sides  of  the  funnel 
D  and  back  into  the  water  below.     An  external  covering,  E  E,  of 
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galvauised  slieet  irou,  serves  to  économise  the  heat  of  the  buiner, 
and  helps  also  to  dry  the  steam. 

(2)  The  condenser  shown  in  Fig.  3  consists  of  a  box  of  sheet 
copper  with  a  lid,  which  has  four  openings  with  inclined  sides. 
Thèse  openings  serve  to  support  four  glass  test-tubes,  cooled  by 
circulating  water,  Through  two  of  the  test-tubes,  a  rapid  flow  of 
water  passes,  and  from  thèse  the  best  water  is  collected  by  means 


Fig. 


of  the  glass  fvmnels  1  and  2.  Through  the  other  tubes  water  passes 
very  slowly,  becoming  finally  heated  to  60°  to  80°;  this  water  is 
used  to  feed  the  still,  and  serves  also  to  condense  a  small  quantity 
of  distilled  water,  which  is  collected  by  the  funnels  3  and  4;  this 
distilled  water  has  a  higher  conductivity  and  is  of  poorer  quality 
than  that  collected  from  the  cold  tubes  by  the  funnels  1  and  2. 
About  one-third  of  the  water  distilled  condenses  on  the  surface  of 
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the  copper  box,  and  is  collected  from  the  copper  tube  5.  The 
arrangement  of  the  tubes  is  usually  that  shown  in  Fig.  3,  the 
steam  from  the  still  being  delivered  from  a  glass  tube  against  the 
further  wall  of  the  copper  box  directly  above  the  tube  5. 

(3)  The  Water. — The  conductivity  of  the  water  produced  dépends 
to  some  extent  on  the  conditions  under  which  the  still  is  used. 
When  using  the  water  of  the  West  Middlesex   Company  in  the 

Fig.  3. 


ii!i  m 


author's  laboratory  at  Hendon,  typical  values  for  the  five  samples 
were — 


1. 

1-2 


2. 
1-2 


3. 


1-9  4  4  gemmlios. 

With  slightly  différent  conditions,  values  obtained  were— 


2. 
1-2 


1-3 


4. 
1-6 


5. 

7  gemmhos. 


The  addition  of  alkali  to  the  water  in  the  still  in  order  to  hold 
back  Carbon  dioxide  was  found  to  be  an  advantage,  but  a  more 
marked  improvement  on  thèse  numbers  was  obtained  by  adding 
potassium  hydrogen  sulphate  in  order  to  hold  back  ammonia  and 
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basic  impurities.  Although  the  distillate  was  not  wliolly  free  from 
ammonia,  ail  the  fractions  were  found  to  hâve  a  very  low  con- 
ductivity,  as  is  shown  by  the  two  séries — 


1. 

2. 

3. 

4. 

5. 

=   1-0 

10 

0-96 

1-3 

3-0  gemmhos. 

=  1-1 

1-6 

1-1 

— 

3-1       ,, 

Kl8 

Under  thèse  conditions,  the  normal  product  of  the  coolest  tube 
of  the  still  is  gemmho-water,  and  this  can  be  produced  in  any 
desired  quantity  by  the  method  now  described.  By  storing  this 
water  in  a  large  bottle  in  contact  with  air  freed  from  cai'bon 
dioxide  by  means  of  lime,  its  conductivity  can  be  reduced  to  0-75, 
and  a  further  improvement  can  be  effected  by  boiling,  as  described 
on  p.  746. 

When   a   duplicate   still   was   installed   in   one   of   the  chemical 
laboratories  at  the  Central  Technical  Collège,  South  Kensington, 
the  average  conductivity  of  the  five  samples  was — 
1.  2.  3.  4.  5. 

Kjg  =   1"7  2  "3  5  15  to  20  gemmhos. 

Although  thèse  values  are  inferior  to  those  recorded  above,  they 
were  nevertheless  more  favourable  thau  those  obtained  by  Stas' 
method  under  the  same  conditions.  At  the  end  of  three  successive 
distillations  from  potassium  permanganate  and  acid  sulphate, 
finally  through  a  silver  tube,  the  conductivity  of  the  water  did  not 
fall  below  2  to  3  gemmhos,  and  the  product  was  thus  inferior  to 
that  separated  in  a  single  opération  by  continuous  fractional  dis- 
tillation. To  prépare  gemmho-water  in  the  atmosphère  of  a 
chemical  laboratory  is,  in  any  case,  a  somewhat  difficult  task,  and 
Stas'  method  was  found  to  hâve  no  advantage  over  the  continuous 
process  described  above. 

Although  the  quantity  of  water  condensed  on  the  hottest  test 
tubes  is  always  small,  its  présence  seems  to  be  essential  for  the 
successful  working  of  the  still,  and  a  large  increase  in  the  copper 
condensing  surface  was  found  inadéquate  to  compensate  for  the 
removal  of  thèse  tubes. 

The  relative  purity  of  the  différent  samples  of  water  is  consider- 
ably  varied  by  varying  the  rate  of  flow  of  the  condensing  water. 
It  is  usually  convenient  to  make  the  rate  of  flow  through  tubes  3 
and  4  just  sufficient  to  supply  a  slight  excess  of  feed  water  for  the 
still.  Under  thèse  conditions,  the  quality  of  water  condensed  in 
tube  4  is  greatly  inferior  to  the  product  of  tube  3.  If  this  rate 
of  flow  is  increased,  the  quantity  and  quality  of  the  product  of 
tube  4  are  increased,  slightly  at  the  expense  of  ail  the  other  tubes. 

It  is  the  author's  piactice,  each  morning  and  night  when  the 
still  is  working,  to   test  the   product  of   each   tube   by   taking   its 
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conchictivity  and  to  pour  off  the  water  into  a  séries  of  large  stock- 
bottles,  which  are  graduated  according  to  conductivities.  With 
the  accumulation  of  impurities  in  the  still,  the  quality  of  the  pro- 
duct  détériorâtes,  and  if  the  still  is  running  continuously  it  should 
be  cleared  of  slime  through  the  opening  A,  and  washed  out  through 
the  same  opening  every  two  or  three  days. 

(4)  Glass  versus  Platinum. — In  the  final  stage  of  Stas'  pi^ocess, 
it  is  usually  considered  désirable  to  use  a  platinum  condenser.  The 
fouling  produced  by  bringing  punfied  water  into  contact  with 
glass  is  undoubtedly  serions  when  soft  glass  is  used,  especially 
when  the  volume  of  water  is  sinall  or  the  temj^erature  high.  The 
difïiculties  arising  from  the  solubility  of  glass  bave,  however,  been 
greatly  over-estimated,  and  contact  with  the  atmosphère  appears  to 
be  by  far  the  most  serions  cause  of  fouling  in  the  case  of  purified 
water.  In  this  connection  it  is  of  interest  to  note  that  the  best 
water  that  bas  yet  been  prepared  (Kohlrausch  and  Heydweiler, 
loc.  cit.)  was  purified  in  a  glass  vessel,  but  isolated  from  the  atmo- 
sphère by  exhausting  and  sealing.  In  purifying  water  by  con- 
tinuons fractional  distillation,  no  marked  advantage  is  derived  by 
using  condensing  tubes  of  platinum  in  place  of  glass.  iWhen  two 
of  the  glass  test-tubes  and  funnels  were  replaced  by  platinum, 
better  water  was  obtained  from  cold  glass  tubes  in  positions  1  and 
2,  and  hot  platinum  tubes  in  positions  3  and  4,  than  with  the 
converse  arrangement. 

Although  no  advantage  is  derived  from  condensing  the  purified 
water  on  platinum  tubes,  a  very  great  improvement  results  when 
the  purified  water  is  boiled  for  a  few  minutes  in  a  platinum  bottle. 
By  this  process,  the  conductivity  may  be  reduced  by  as  much  as 
50  per  cent.,  and  the  réduction  in  conductivity  is  proportionately 
greatest  in  the  case  of  the  purest  samples  of  water.  The  water 
purified  by  boiling  usually  has  a  conductivity  of  about  0-8,  but 
samples  of  a  conductivity  as  low  as  0-6  hâve  been  obtained.  In 
one  instance,  a  sample  of  water  that  had  an  initial  conductivity 
0-84  at  18°  was  reduced  by  boiling  for  two  minutes  to  0-48;  this 
low  conductivity  represents  an  exceptionally  high  degree  of  purifi- 
cation, and  has,  it  is  believed,  only  been  excelled  by  Kohlrausch 
in  the  two  séries  of  experiments  cited  in  the  earlier  portion  of  the 
paper. 

(5)  Animonia  Déterminations. — Although  the  still  was  designed 
primarily  for  the  préparation  of  purified  water  for  conductivity 
measurements,  it  can  also  be  used  for  preparing  ammonia-free 
water.  A  considérable  number  of  ammonia  déterminations  hâve 
been  made,  and  the  pi'oportion  of  ammonia  in  the  différent  samples 
has   been   found    to   correspond    roughly    with  their    electrical  con- 
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cluctivity.  An  exception  is  found  in  tlie  case  of  tlie  water  con- 
densed  on  copper  surfaces,  wliicli  lias  a  liigher  conductivity  than 
might  be  exjoected  from  its  content  of  ammonia.  This  high  con- 
dvictivity  may  be  due  either  to  non-volatile  impurities  carried  over 
as  spray  from  the  still,  or  to  metallic  impurities  derived  from  the 
copper  box.  The  following  table  shows  the  relationship  between 
the  electrical  conductivity  and  the  proportion  of  ammonia  in  two 
séries  of  samples  prepared  with  the  help  of  potassium  hydrogen 
sulphate  : 

Kjg.  Ammonia.  /Cjg.  Ainmoiiia. 

Xone 
Trace 


1. 

ro 

0-001 

1-1 

2. 

1-0 

0-001 

1-6 

S. 

0-96 

0-007 

1-1 

i. 

1-3 

0-007 



5. 

3  0 

0-004 

3-1 

In  the  first  séries,  the  hot  tubes  (3  and  4)  weve  of  platinum  and 
the  cold  tubes  of  glass;  in  the  second  séries,  this  arrangement  was 
reversed.  The  whole  of  the  ammonia  in  the  distilled  water,  ex- 
pressed  in  parts  per  100,000  in  the  above  table,  was  in  the  "free"' 
state,  but  before  distillation  the  ammonia,  amounting  altogether  to 
barely  0001/100,000,  was  for  the  most  part  combined. 

The  thanks  of  the  author  are  due  to  Dr.  T.  M.  Lowry,  under 
whose  care  the  still  at  the  Central  Technical  Collège  was  installed, 
and  who  supplied  the  data  obtained  from  the  use  of  the  still  at  the 
Collège,  and  also  made  the  foregoing  ammonia  déterminations. 


LXXVI. — The  Influence  of  the  Hydroxijl  and  Alkoxyl 

Groups  on  the    Velocity  of  Saponification.     Part  I. 
By  Alexander  Findlay  and  William  Ernest  Stephen  Turner,  M.Sc. 

Although  many  investigations  hâve  been  undertaken  for  the  purpose 
of  obtaining  some  insight  into  the  influence  of  constitution  on  the 
velocity  of  ester  formation  under  the  influence  of  minerai  acids,  more 
especially  in  the  case  of  the  substituted  benzoic  and  acetic  acids 
(Menschutkin,  Victor  Meyer,  Meyer  and  Sudborough,  Goldschmidt, 
Kellas,  Sudborough  and  Lloyd,  Wegscheider,  and  others),  compara- 
tively  little  systematic  work  has  been  done  on  the  rate  of  saponifica- 
tion of  esters  by  alkalis  as  affected  by  constitution.  In  the  case  of 
esterification  of  acids  in  présence  of  hydrochloric  acid,  it  was  found 
that  substitution  diminishes,  in  every  case,  the  velocity  of  esterifica- 
tion,   and    this    influence   is   specially  prominent   in   the  case  of   the 

8  E  2 


748      FINDLAY  AND  TURNER  :  THE  INFLUENCE  OF  THE  HYDROXYL 

ortho-substituted  benzoic  acids.  In  ail  such  cases,  it  is  apparently 
the  mass,  not  the  chemical  nature  of  the  substituent,  that  is  of  im- 
portance. The  retarding  influence  of  substitution,  however,  is  ob- 
served  not  only  in  the  case  of  the  substituted  benzoic  acids,  but  also 
in  the  case  of  the  substituted  acetic  acids  (Sudborougb.  and  Lloyd, 
Trans.,  1898,  73,  81  ;  1899,  75,  467). 

Whilst  with  regard  to  hydrolysis  by  hydrochloric  acid  the  gênerai 
rule  applies  that  esters  which  are  formed  with  difficulty  under  the 
influence  of  hydrochloric  acid  are  also  hydrolysed  with  difiiculty  (V. 
Meyer,  Ber.,  1895,  28,  1262;  compare  Kistiakowsky,  Zeit.  jiJiysikal. 
Chem.,  1898,  27,  250),  the  same  does  not  apply  to  saponification  with 
alkali  (compare  Kellas,  Zeit.  physikal.  Chem.,  1897,  24,  243;  van 
DykeD,  Rec.  Trav.  cJiim.,  1895,  14,  106).  In  this  case,  the  effect  of 
substitvition  varies  with  the  nature  of  the  substituent.  Thus,  whilst 
substitution  of  hydrogen  by  alkyl  groups  in  acetic  acid  diminishes  the 
velocity  of  saponification,  replacement  of  hydrogen  by  halogens  in- 
creases  the  velocity  of  saponification  (Sudborough  and  Feilman,  Proc, 
1897,  13,  241).  Although,  in  thèse  cases,  the  velocity  of  saponifica- 
tion increases  with  the  strength  of  the  acid,  other  cases  are  known 
where  this  is  not  so  ;  as,  for  example,  in  the  case  of  the  saponification 
of  the  esters  of  the  substituted  malonic  acids  (Hjelt,  Ber.,  1896,  29, 
110;  1864,  31,  1844).  There  are  other  factors,  therefore,  such  as 
steric  influences,  affecting  the  velocity  of  saponification  of  an  ester, 
and  if  the  effect  of  différent  substituting  groups  be  studied,  it  can 
easily  happen  that  the  steric  influences  may  counterbalance  or  over- 
balance  the  influence  of  the  particular  substituting  group  on  the 
strength  of  the  acid.  To  détermine  in  how  far  ease  of  saponification 
of  an  ester  runs  parallel  with  the  strength  of  the  acid  from  which  it 
is  formed,  it  will  be  necessary  to  eliminate  the  steric  influences  as  far 
as  possible,  and  to  study  the  effect  of  introduction  of  some  particular 
substituent  on  the  strength  of  différent  acids  and  the  i^ate  of  saponi- 
fication of  the  esters  derived  from  them. 

As  no  measurements  hâve  yet  been  made  of  the  effect  of  the 
hydroxyl  group  on  the  velocity  of  saponification  of  esters  of  the  fatty 
séries,  we  resolved  to  study  this,  as  well  as  the  effect  of  substituting 
the  hydrogen  of  the  hydroxyl  group.  The  results  of  the  first 
measurements  in  this  direction  are  given  in  the  présent  communication. 

That  the  introduction  of  the  hydroxyl  group  into  an  ester  greatly 
incx'eases  the  velocity  of  saponification  is  well  known,  One  need 
only  refer  to  the  ready  saponifiability  of  etbyl  lactate  as  compared 
with  that  of  ethyl  propionate.  The  quantitative  influence  of  this 
substitution  bas  also  been  obtained  indirectly  in  the  case  of  the  enolic 
form  of  ethyl  acetoacetate  (Goldschmidt,  Ber.,  1 900,  33,  1150).  As  the 
velocity  of  saponification  of  the  esters  of  lactic  acid  is  too  great  to  be 
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measurable,  we  chose  for  investigation  the  esters  of  manclelic  acid, 
on  which  measurements  can  be  made,  although  with  difficulty. 
Measurements  were  carried  out  not  only  in  aqueous  solution  (except 
in  the  case  of  ethyl  phenylpropoxyacetate,  which  is  too  sparingly 
soluble),  but  also  in  30  and  60  per  cent,  alcohol  reckoned  by  weight. 
The  température  was  25°  in  ail  cases  ;  for  although  the  ready  saponifia 
ability  of  the  esters  made  it  advisable  to  work  at  a  lower  tempei^ature, 
the  sparing  solubility  of  some  of  the  esters  rendered  this  course 
impossible. 

In  carrying  out  the  measurements,  10  ce.  of  the  reaction  mixture 
were  run  into  excess  of  standard  hydrochloric  acid,  and  the  excess  of 
acid  titrated  with  a  solution  of  caustic  soda.  Since  the  velocity  of  the 
reaction  is  so  great,  an  error  in  the  détermination  of  the  time  of 
mixing  and  of  stopping  the  reaction  becomes  somewhat  serions.  We 
sought  to  diminish  this  as  far  as  possible  by  noting  the  time  occupied 
in  mixing  the  solutions,  as  well  as  that  required  for  the  pipette  to 
deliver,  and  the  mean  point  of  thèse  intervais  was  taken  as  the  time 
at  which  the  reaction  was  started  or  stopped.  The  saponification 
constant  was  calculated  by  the  usual  formula  for  a  reaction  of  the 

^      ^       ^     2-302x10,     Tt(To-TJ 
second  ordei-,  k= — Y'nV  ^^YTT~^~T  )' 

The  values  of  the  saponification  constants  in  aqueous  solution  are  as 
follows  (see  Tables  1 — 6)  : 

Ester.                                     k.                       Ester.  k. 

Ethyl  phenylacetate    12 '4  Ethyl  phenylmethoxyacetate...  23 '3 

Methyl  mandelate 157  Ethyl  iihenylethoxyacetate    ...  15'7 

Ethyl  maudelate    66  Ethyl  phenylpropoxyacetate  ...  (13-3) 

Propyl  mandelate  55 

In  the  case  more  especially  of  methyl  mandelate,  the  velocity  of 
saponification  is  so  great  that  more  than  half  the  reaction  had  taken 
place  during  the  first  minute,  so  that  only  the  second  half — in  the  case 
of  the  stronger  solutions  only  the  last  third — of  the  reaction  could 
be  measured.  This  fact  introduces  some  uncertainty  into  the  results, 
but  it  is  évident  from  the  agreement  between  the  results  of  différent 
experiments  at  différent  concentrations  that  the  values  obtained  for 
the  saponification  constants  are  in  any  case  fairly  approximate. 

The  numbers  in  the  foregoing  table  show  at  once  the  greatly 
acceleratiog  influence  which  the  hydroxyl  group  exercises  on  the 
velocity  of  saponification  of  ethyl  pheoylacetate,  the  saponification 
constant  being  increased  to  more  than  five  times  its  previous  value. 
With  this  we  may  compare  the  influence  of  the  hydroxyl  group  on  the 
aflSnity  constants  of  the  acids.  Whereas  the  affinity  constant  of 
phenylacetic  acid  is  0*00502,  that  of  mandelic  acid  is  O-O-ilT,  or  about 
eight  times  as  great. 
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On   replacing  the  hydrogen   of  the  hydroxyl    group   by    an   alkyl 

substituent,  the  velocity  of  saponification  is  greatly  diminished,  and 

the  diminution  increases  with  increase  in  the  mass  of  the  alkyl  group. 

Tn  the  case  of  ethyl  phenylpropoxyacetate,  the  saponification  velocity 

could  not  be  determined  in  aqueous  solution  on  account  of  the  sparing 

solubility  of  the  ester.     The  number  given  in  the  foregoing  table   was 

calculated    as    follows  :    the  saponification  constant  of  ethyl   phenyl- 

methoxyacetate  in  60  per  cent,  aqueous  alcoholic  solution  was  taken 

as  being  7"97  (Table   17),  and  that  for  ethyl  phenylpropoxyacetate, 

4-77  (Table  19).     Since  the  saponification  constant  of  ethyl  phenyl- 

methoxyacetate  in  aqueoas  solution  is  23-3,  then,  if  the  influence  of 

the  alcohol  in  the  solution  is  the  same  on  the  saponification  of  the 

proproxy-  as  of  the  methoxy-ester,  the  saponification  constant  of  the 

4*77  X  23'3 
former  in  aqueous  solution  should  be  =^^7 —  =  13-9.     In  the  same 

way,  from  the  numbers  for  ethyl  phenylethoxyacetate  (Table  1 8),  the 
value  of  the  saponification  constant  was  calculated  to  be  12-7.  As 
the  mean  of  the  two  numbers,  13-3  was  taken  ;  it  can,  however,  be 
regarded  only  as  approximate. 

If  we  take  this  value  for  the  saponification  constant  of  ethyl 
phenylpropoxyacetate  as  approximately  correct,  we  find  that  the  effect 
of  increase  in  the  mass  of  the  alkyl  group  is  a  regular  one,  the  ratios 
between  the  constants  for  ethyl  mandelate  and  for  ethyl  phenyl- 
methoxyacetate,  ethyl  phenylethoxyacetate  and  ethyl  phenylpropoxy- 
acetate respectively  being  very  nearly  2-8:1,  3  8:1,  4-8:1.  The 
comparison  between  the  velocities  of  saponification  and  the  affinity 
constants  of  the  acids  from  which  they  are  derived  cannot  yet  be 
made,  but  we  hope  soon  to  be  in  a  position  to  do  so. 

The  influence  of  substitution  on  saponification  can  also  be  readily 
seen  by  comparing  the  substituted  esters  with  the  esters  of  acetic 
acid.  In  the  following  table,  the  values  of  the  saponification 
of  methyl  and  propyl  acétates  hâve  been  calculated  from  the  figures 
obtained  by  Eeicher  {Annalen,  1885,  228,  257),  whilst  that  for 
ethyl  acétate  was  determined  by  Messrs.  Schmidt  {Ber.,  1899,  32, 
3396) : 

Ester.  le.  Pister.  k. 

Methyl  acétate 9'66  Methyl  iiiandelate 157 

Ethyl  acétate    6  9-4  Ethyl  mandelate    66 

Propyl  acétate  5-31  Propyl  mandelate  55 

Ethyl  phenylacetate 12-4 

From  this  table,  it  is  seen  that  the  velocity  constants  of  the 
mandelates  are  about  10  times,  in  the  case  of  methyl  mandelate 
about  16  times,  as  great  as  those  for  the  corresponding  acétates. 
This  increase  in  the    saponification    constant    is,  of    course,  due    to 
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two  substitutions;  firstly,  to  substitution  of  hydrogen  by  the  phenyl 
group,  which  raises  the  saponification  constant  of  the  ethyl  ester 
from  6-94  to  12-4,  or  by  nearly  TS  times  ;  and  secondly,  to  introduc- 
tion of  the  hydroxyl  group,  which  further  increases  the  velocity 
constant  5 '3  times.  If,  now,  it  is  assumed  that  a  given  substitu- 
tion always  produces  the  same  relative  increase  in  the  saponification 
constant  of  an  ester,  just  as  one  finds  it  to  do  so  approximately 
in  the  case  of  the  affinity  constants  of  acids  (Wegscheider,  Monatsh., 
1902,  23,  289),  one  should  be  able  to  calculate  the  value  of  the 
saponification  constants  of  metliyl  and  propyl  mandelates  from  the 
value  of  the  constants  for  the  corresponding  acétates.  In  this  way 
one  obtains,  for  methyl  mandelate,  9'66  x  1*8  x  53  =  92  (instead  of 
the  experimentally  determined  value  157),  and  for  propyl  mandelate, 
5-31  X  1-8  X  53  =  51  (instead  of  the  expérimental  value  55).  From 
this  it  will  be  seen  that  whilst  the  saponification  constants  of  the 
ethyl  and  propyl  esters  are  equally  affected  by  the  substitutions, 
the  methyl  ester  is  affected  to  a  much  larger  degree.  As  we  do 
not  possess  the  value  of  the  saponification  constant  of  methyl  phenyl- 
acetate,  it  is  not  possible  to  say  whether  the  abnormal  influence  of 
the  substituent  is  found  in  both  stages  of  the  substitution  between 
methyl  acétate  and  mandelate,  or  only  in  one. 

In  the  hydrolysis  of  esters  under  the  influence  of  acids,  it  bas  been 
shown  (compare  Hemptinne,  Zeit.  'phystkal.  Chem.,  1894,  13,  389; 
Loewenherz,  ihid.,  15,  561)  that  the  ratio  of  the  hydrolysis  constants 
of  the  methyl  and  ethyl  and  of  the  ethyl  and  pi'opyl  esters  of  the 
fatty  acids  is  constant,  no  matter  what  the  acid  is.  When  one  com- 
pares the  saponification  constants  of  the  esters  of  acetic  and 
mandelic  acids,  it  is  found  that  whilst  the  r-atio  of  the  constants  for 
the  ethyl  and  propyl  esters  is  the  same,  namely,  6  :  5,  there  is  no 
agreement  between  the  ratios  for  the  methyl  and  ethyl  esters.  Thus 
in  the  case  of  the  acétates,  the  ratio  of  the  constants  is  approxi- 
mately 3  :  2,  and  in  the  case  of  the  mandelates  4*8  :  2.  Although  it  is 
not  impossible  that  a  portion  of  this  déviation  may  be  due  to 
inaccuracy  in  the  détermination  of  the  saponification  constant  of 
methyl  mandelate,  we  do  not  think  that  the  whole  of  the  déviation 
can  be  thus  accounted  for. 

It  is  somewhat  remarkable  that  the  ratios  of  constants  for  ethyl 
phenylmethoxyacetate  and  ethyl  phenylethoxyacetate,  and  for  ethyl 
phenylethoxyacetate  and  ethyl  phenylpropoxyacetate,  are  very  approxi- 
mately 3  :  2  and  6  :  5.  Whether  this  is  merely  a  coïncidence  cannot 
yet  be  said.  It  must  be  remembered  that  the  constant  for  the  ethyl 
phenylpropoxyacetate  has  only  been  obtaiued  indirectly. 

On  account  of  the  ready  saponifiability  and  the  sparing  solubility 
of   some  of  the  esters    in    water,    measurements    of    the    velocity    of 
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saponification  were   also    carried  out_  in   aqueous   alcoholic    solution. 
The  results  are  given  in  the  following  table  (see  Tables  7 — 19)  : 

In  30  per  cent.      In  60  per  cent. 

alcohol.  alcohol. 

k.  k. 

Ethyl  phenylacetate 8-6  (6) 

Methyl  mandekte    (109)  (84) 

Ethyl  maiidelate 49-4  29-1 

Propyl  mandelate    39-5  227 

Ethyl  phenylmethoxyacetate 15-2  (8) 

Ethyl  phenylethoxyacetate    10-2  (6) 

Ethyl  phenylpropoxyacetate —  (5) 

In  30  per  cent,  aqueous  alcoholic  solutions,  fairly  concordant  values 
of  the  saponification  constant  covild  be  obtained,  except  in  the  case  of 
methyl  mandelate  ;  but  in  60  per  cent,  alcoholic  solutions  there  was 
a  considerably  greater  falling  off  in  the  constant  as  the  reaction 
proceeded,  and  the  values  of  the  constants  given  are  therefore  ail  more 
or  less  approximate.  This  applies  also  to  some  extent  to  the  constants 
given  for  ethyl  and  propyl  mandelates  (Table  16),  although,  as  the 
fallin"  off  in  the  value  of  the  constants  was  not  so  great,  we  hâve 
ventured  to  take  the  mean. 

Certain  other  irregularities  also  were  met  with  in  the  case  of  the 
saponification  in  alcoholic  solution,  but  as  it  is  proposed  by  one  of  us 
to  continue  the  investigation  of  the  saponification  velocities  in  alcoholic 
solution,  the  discussion  of  thèse  may  be  left  over  until  further  data 
hâve  been  obtained. 

Expérimental. 

Methyl  Mandelate. — By  the  action  of  methyl  iodide  on  silver  mandel- 
ate, Naquet  and  Louguinine  {Annalen,  1866,  139,  299)  obtained  a 
product  melting  at  113 — 114°,  whilst  Breuer  and  Zincke  {Ber.,  1880, 
13,   636),   using   the   same  method,  obtained   a  product  melting  at 

47 48°.     This  method  was  also  employed  by  Rupe  {Ber.,  1895,  28, 

259),  who  found  the  melting  point  to  be  52°. 

The  process  which  we  employed  is  based  on  the  gênerai  method 
given  by  Fischer  and  Speier  {Ber.,  1895,  28,  3254),  Twenty  grams 
of  mandelic  acid  were  mixed  with  60  grams  of  pure  methyl  alcohol 
and  6  grams  of  concentrated  sulphuric  acid,  and  the  mixture  heated 
on  the  water-bath  for  5  hours,  Most  of  the  alcohol  was  then  distilled 
off  and  the  residue  poured  into  water.  The  solution  was  neutralised 
with  sodium  carbonate,  the  ester  extracted  with  ether,  and  the  ethereal 
solution  dried  over  sodium  sulpbate.  After  evaporating  off  the  ether, 
the  residue  was  distilled  under  30  mm.  pressure,  when  a  colourless  oil 
passed  over  at  a  température  of  153°  and  quickly  solidified  in  the 
receiver.  The  yield  was  17*5  grams.  After  crystallising  from  ligroin 
alone  and  from  a  mixture  of  ligroin  and  benzène,  the  melting  point 
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of  the  ester  was  found  to   be   57°;*  it  boiled  at   250"^  with  slight 
décomposition. 

This  method  has  also  been  used  by  Acree  {Ber.,  1904,  37,  2767), 
who  gives  the  melting  point  as  58°. 

0-1887  gave  0-1030  HgO  and  0-4503  C0„.     C  =  65-l  ;  H  =  6-06. 
0-1884     „     0-1040  HgO    „    0-4496  COg.     C  =  650;  H  =  6-13. 
CgHjoOg  requires  C  =  65-06  ;  H -6-07  per  cent. 

Ethyl  Mandelate. — In  preparing  this  ester,  we  employed  Fischer  and 
Speier's  method,  which  had  previously  been  used  by  McKenzie  (Trans., 
1899,  75,  755).  The  latter  gives  the  melting  point  as  37°,  but  we 
failed,  even  by  repeated  crystallisation  from  ligroin  and  from  ethyl 
acétate  and  ligroin,  to  raise  the  melting  point  higher  than  29°. 

0-1712  gave  0-1072  H^O  and  0-4187  CO2.     0  =  66-7;  H  =  6-95. 
CjQHjgOg  requires  0  =  66-66;  H  =  6-66  per  cent. 

Propyl  Mandelate. — Twenty  grams  of  mandelic  acid  were  mixed 
with  80  grams  of  propyl  alcohol  and'6  grams  of  concentrated  sulphuric 
acid,  and  the  mixture  heated  in  an  oil-bath  at  110 — 115°  for  7  hours. 
The  product  was  then  treated  as  in  the  préparation  of  methyl  mandel- 
ate. A  colourless  oil  was  obtained  which  distilled  at  145°  under 
12  mm.  pressure,  and  solidified  in  needles  on  immersion  in  a  freezing 
mixture.  The  ester  melted  at  14 — 15°  and  boiled,  with  partial 
décomposition,  at  263°.     The  yield  was  20  grams. 

0-1976  gave  0-1328  H^  and  0-4894  CO2.     0  =  67-5  ;  H  =  7-47. 
Cu^iA  requires  G  =  68-04  ;  H  =  7-28  per  cent. 

Ethyl  Phenylchloroacetate. — In  order  to  obtain  the  alkoxyl  deriv- 
atives  of  phenylacetic  acid,  it  was  first  necessary  to  prépare  ethyl 
phenylchloroacetate. 

First  method  :  Three  hundred  and  fif ty  grams  of  ethyl  mandelate  were 
dissolved  in  a  moderate  volume  of  chloroform  in  a  large  flask,  and  416 
grams  of  phosphorus  pentachloride  added  in  small  quantities  from  time 
to  time.  The  mixture  was  then  warmed  on  a  water-bath  at  about  50° 
until  no  further  action  occurred.  The  excess  of  phosphorus  pentachloride 
was  destroyed  by  cautions  addition  of  water,  and  the  heavy  oil  which 
separated  out  was  washed  with  water  ;  it  was  then  treated  with  sodium 
carbonate  until  slightly  alkaline,  and  the  ester  then  extracted  with 
chloroform.  The  solution  was  dried  over  fused  sodium  sulphate  and 
distilled  under  reduced  pressure.     Under  19  mm.  pressure,  a  neai-ly 

*  When  first  préparée!,  the  melting  point  was  found  to  be  54°,  but  when  this 
was  again  determined,  after  the  lapse  of  about  a  year,  the  substance  was  found 
to  melt  at  57°. 
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colourless  oil  passed  over  at  142°.     On  analysis,  it  showed  no  trace  of 
phosphorus, 

0-2429  gave  0-1792  AgCl.     Cl  =  18-24. 
0-2246     „     0-1602  AgCl.     01  =  17-63. 

Cj(,H^^0201  requires  01  =  17-85  per  cent. 

Second  method  :  Fifteen  grams  of  ethyl  mandelate  were  treated 
with  42  grams  of  thionyl  chloride,  and  the  mixture  was  heated  for 
8  hours  on  the  water-bath  in  a  reflux  apparatus.  The  excess  of  thionyl 
chloride  was  removed  by  warming  on  the  water-bath,  and  the  residue 
distilled  under  reduced  pressure.  A  colourless  oil  was  obtained  which 
boiled  at  143°  under  25  mm.  pressure,  the  yield  being  14  grams. 

0-2796  gave  0-2032  AgOl.     01=  17-97  per  cent, 
0-3056     „     02199  AgOl.     01=17-79       „ 

Préparation  of  the  Alkoxyl  Esters. 

The  methyl  ester  of  phenylmethoxyacetic  acid  was  prepared  by 
Meyer  and  Boner  {Annalen,  1883,  220,  45)  by  acting  on  methyl  phenyl- 
chloroacetate  with  sodium  methoxide  in  methyl-alcoholic  solution,  and 
obtained  as  a  pure  product  after  two  distillations.  We  endeavoured 
to  utilise  this  method  for  the  préparation  of  the  alkoxyl  derivatives  of 
ethyl  mandelate,  but  although  quite  a  number  of  experiments  were 
carried  out  with  sodium  methoxide,  ethoxide,  and  propoxide,  we  found 
it  a  matter  of  the  greatest  ditEculty,  and  in  some  cases  we  were 
unable  to  obtain  alkoxyl  esters  quite  free  from  chlorine.  Even  after 
thrice  repeating  the  treatment  with  sodium  ethoxide,  a  small  quantity 
of  the  phenylchloroacetate  appeared  to  hâve  escaped  décomposition. 
It  was  found  impossible  to  effect  a  séparation  of  the  alkoxyl  ester 
from  the  chloro-ester  by  fractional  distillation  under  reduced  pressure, 
although  this  could  be  done  by  fractionation  under  atmospheric 
pressure.  The  process,  however,  was  very  troublesome  and  was 
accompanied  by  loss  of  ester,  so  that  the  above  method  of  préparation 
was  abandoned. 

It  may  be  mentioned  that  exactly  similar  results  were  obtained  with 
ethyl  phenylchloroacetate  prepared  by  the  action  of  thionyl  chloride 
as  from  spécimens  obtained  by  the  action  of  phosphorus  pentachloride, 
so  that  the  ditEculty  experienced  in  getting  rid  of  ail  the  chloro- 
compound  could  not  bave  been  due  to  chlorination  in  the  benzène  ring. 

Although  we  did  not  investigate  the  matter  further,  it  may  be 
stated  that  replacement  of  chlorine  by  the  alkoxyl  group  took  place 
with  greater  readiness  in  the  case  of  sodium  methoxide  than  in  that 
of  sodium  ethoxide,  and  this,  in  turn,  with  greater  ease  than  in  the 
case  of  the  propoxide,     Since  it  is  not  at  ail  improbable  that  the  methyl 
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ester  of  phenylchloroacetic  acid  is  more  reactive  than  the  ethyl  ester, 
the  success  of  the  reaction  in  the  préparation  of  methyl  methoxy- 
mandelate  by  Meyer  and  Boner  can  be  understood.  We  hope,  however, 
to  be  able  at  a  later  date  to  undertaiie  a  quantitative  study  of  the 
replacement  of  the  chlorine  by  the  alkoxyl  group  in  the  above 
réaction. 

Ethyl  Phenylmethoxyacetate. — The  above  method  having  proved  un- 
successful,  we  decided  to  prépare  first  the  free  phenylmethoxyacetic 
acid  and  to  esterify  this.  For  the  préparation  of  the  acid,  the  method 
of  Meyer  and  Boner  was  followed.  The  small  amount  of  chloro-e.ster 
which  escaped  conversion  was  converted  into  sodium  mandelate  by  the 
action  of  caustic  soda,  and  could  thus  be  separated  by  crystallisation 
from  the  sodium  sait  of  phenylmethoxyacetate. 

Phenylmethoxyacetic  acid  was  isolated  by  decomposing  the  sodium 
sait  with  sulphuric  acid,  and  when  purified  by  crystallisation  fx'om 
benzène  and  ligroin  melted  at  69°  (McKenzie,  Trans.,  1899,  75, 
760). 

Nine  grams  of  pure  phenylmethoxyacetic  acid  wei'e  boiled  for  6 
hours  with  30  grams  of  absolute  ethyl  alcohol  and  2  grams  of  strong 
sulphuric  acid.  After  distilling  off  the  alcohol  and  neutralising  the 
residue  with  potassium  carbonate,  the  ester  was  extracted  with  ether, 
when  7"5  grams  of  a  colourless  oil  were  obtained,  boiling  at  141°  under 
26  mm.  pressure. 

0-2014  gave  0-1325  HoO  and  0-5027  COg.     C  =  6806;  H  =  7-3I. 
CiiHj^Og  requires  C  =  68-04  ;  H  =  7-28  per  cent. 

Ethyl  Phenylethoxy acétate. — McKenzie  {loc.  cit.)  has  prepared  ethyl 
^phenylethoxyacetate  by  esterifying  the  free  acid  which  he  obtained  by 
acting  on  Z-mandelic  acid  with  ethyl  iodide  and  silver  oxide.  For  the 
préparation  of  the  inactive  ester,  the  following  method  was  employed. 
Thirty  grams  of  ethyl  phenylchloroacetate  were  boiled  with  6  grams 
of  sodium  dissolved  in  100  grams  of  ethyl  alcohol  for  12  hours.  The 
resulting  ethoxy-ester,  which  contained  a  slight  admixture  of  the 
chloro-ester,  was  treated  with  caustic  soda,  whereby  sodium  phenyl- 
ethoxyacetate  was  obtained  as  a  mass  of  fine  needles  (compare 
Koerner  and  Radziszewski,  Zeit.  Chemie,  1868,  4,  143),  whilfet  the 
sodium  mandelate  formed  from  the  chloro-ester  présent  remained  in 
solution.  The  sodium  sait  was  then  decomposed  by  means  of  sulphuric 
acid,  and  in  this  way  phenylethoxyacetic  acid  was  obtained  as  a  viscid, 
pale  yellow  oil,  which  could  not  be  made  to  crystallise.  An  analysis 
of  the  silver  sait  gave  Ag  =  37-39  per  cent.,  whereas  the  theory 
requires  37-35. 

The  acid  was  then  esterified  in  exactly  the  same  manner  as  phenyl- 
methoxyacetic acid.     Ethyl   phenylethoxyacetate   was   obtained  as  a 
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colourless  oil,  which  boils  at  134°  under  13  mm.  pressure  and  at  255° 
under  atmospheric  pressure. 

0-2018  gave  0-5090  00,  and  0-1392  HgO.     C  =  68-8;  H  =  7-66. 

0-2092     „     0-5324  CO2    „   0-1437  H^O.     C  =  69-4;  H  =  7-63. 
CjaHigOg  requires  C  =  69-23  ;  H  =  7-69  par  cent. 

Ethyl  Phenyljjropoxy acétate. — Thirty  grams  of  ethyl  phenylchloro- 
acetate  were  boiled  for  four  hours  with  120  grams  of  propyl  alcohol 
in  which  8  grams  of  sodium  had  been  dissolved.  After  removing  the 
sait  which  separated,  the  liquid  was  again  boiled  for  five  hours  with  a 
further  quantity  of  sodium  propoxide.  Affeer  treating  the  extracted 
esters  with  caustic  soda  and  evaporating  to  dryness,  sodium  phenyl- 
propoxyacetate  was  obtained.  From  this  ester,  phenylpropoxyacetic 
acid  was  obtained  by  hydrolysiog  with  sulphuric  acid,  and  as  it  is 
sparicgly  soluble  was  freed  from  any  mandelic  acid  présent  by 
washing  thoroughly  with  water.  The  acid  was  then  taken  up  with 
ether  and  the  ethereal  solution  dried  over  sodium  sulphate.  Phenyl- 
propoxyacetic acid  was  thua  obtained  as  a  light  yellow  oil,  the  yield 
being  14 — 15  grams.  Analyses  of  the  silver  sait  gave  Ag  =  35-55  and 
35-87  per  cent.,  whilst  theory  requires  Ag  =  35-85. 

The  ethyl  ester  of  phenylpropoxyacetic  acid  was  then  prepared  in  a 
manner  similar  to  that  used  for  the  esterification  of  the  phenyl- 
methoxy-  and  phenylethoxy-acids.  It  was  obtained  as  a  colourless 
oil  which  distilled  over  at  144°  under  13  mm.  pressure. 

0-2006  gave  051 07  CO.  and  0-1462  HgO.     0  =  69-4;  H  =  8-1. 
0-2104     „     0-5422  CO2    „    0-1515  H^O.     C  =  70-3  ;  H  =  8-0. 
CigHjsOg  requires  C  =  70-2  ;  H  =  8-15  per  cent. 

Velocity    of   Sa2yoiiiJication.     A.     In    Aqueous    Solution. 
Table  I. — Ethyl  Phenylacetate. 
iV7150  ester;  iVVlSO  NaOH. 

(fl)    ^  =  12-42  [extrême  values,  11-69  and  12-99]. 

(6)     A:=12-43  [       „  „       11-96    „    12-84]. 

General  mean  :  k  =  i2'4<2. 

Table  II. — Methyl  Mandelate. 
First  séries  '.—NJ?>0  ester  ;  iV/30  NaOH. 

(«)    Z;=  157-1  [extrême  values,  151-9  and  164'7]. 
(b)    ^-  =  155-5  [      ,,  ,,      152-8    „    161-2]. 

Second  séries  :— i\^/60  ester  ;  iV760  NaOH. 

(«)     A;=160-l  [extrême  vahies,  153-8  and  165-9]. 
[b)    Â;  =  156-8  [       ,,  „      150-4    ,,    1609]. 

General  mean  :  157 -4. 
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Table  III. — Ethyl  Mandelate. 
First  séries  \—NI?>0  ester  ;  iV^/30  NaOH. 

{a)    A:  =  65-l  [extrême  values,  60-6  and  68-1]. 
{b)     /t  =  64-9  [      „  „      Gl-8    „    67-4]. 

Second  séries  :— iY/ôO  ester  ;  iV/60  NaOH. 

(a)     ^•  =  66-9  [extrême  values,  637  and  69-9]. 
{b)     i=68-7[       „  „      63-1    „    73-2]. 

General  mean  :  A;  =:  66  '4. 

Table  IY. — Fropyl  Mandelate. 
iV760  ester  ;  iV760  NaOH. 

(a)  A- =  55 '6  [extrême  values,  51 '1  and  58 'O]. 
{b)     X— 55-4[       ,,  „       52-4    „    58-2]. 

General  mean  :  55 '5. 

Table  V. — Ethyl  Phenylmethoxyacetate. 

iV^/60  ester  ;  iV/60  NaOH. 

(«)    ^  =  234  [extrême  values,  227  and  24'0]. 
ib)    A—23-3  [      „  ,,      22-5    ,,    23-8]. 

General  meau  :  23 '3. 

Table  VI. — Ethyl  Phenylethoxy acétate. 

iV/150  ester;  iV7150  NaOH. 

(«)    1-  =  15*6  [extrême  values,  14'8  and  17'1]. 
(6)    ^=::15-8  [      ,,  ,,      15-0    „    17-9]. 

General  mean  :  15 '7. 

B,     S  aponificatio  n    in    A  queo  us-al  coholic    S  ol  ut  ion. 
I.  Solutions  containing  30  j-^e?"  cent,  of  Alcohol. 

Table  YII. — Ethyl  Phenylacetate. 
First  séries  :— iV/40  ester  ;  iV730  NaOH. 

(«)     A-  =  8  '62  [extrême  values,  8-24  and  9  •]  0]. 

(b)  A:  =  8-53[       ,,  ,,      8-19    „    8-97]. 

Second  séries  :— iVyeO  ester  ;  i\760  NaOH. 

(«)     A:  =  8 -67  [extrême  values,  8-43  and  9-02]. 
{b)     A—8-63  [       ,,  „        8-21    ,,    9-01]. 

(c)  A—8-60[      ,,  „       8-41    ,,    875]. 

General  meau  :  8 '61. 
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Table  YlU.—Methyl  Mandelate. 
Nj^O  ester;  iVySO  NaOH  ;  7'=  titre  in  ce.  of  iV/115-1  ÏÏCl. 


Time. 


0  -0  mins. 

19-26 

1-22  „ 

6-04 

2-30  ,, 

3-84 

372  „ 

2-75 

5-22  ,, 

2-18 

7-22  ,, 

1-72 

9-22  „ 

1-48 

12-22  „ 

1-26 

17-22  „ 

0-98 

24  hours 

0-12 

108- 
106- 


Time. 


0  -0  mins. 

19-26 

1-22  „ 

6-04 

2-22  „ 

4-01 

3-72  „ 

2-79 

5-22  „ 

2-22 

7-22  ,, 

1-76 

9-22  ,, 

1-51 

12-22  ., 

1-26 

17-22  ;, 

0-99 

27-22  ,, 

0-78 

24  hours 

0-15 

80 
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Table  IX. — Ethyl  Mandelate. 

iV/30  ester;  iV/30  NaOH. 

(«)    ^  =  49-5  [extrême  values,  47-6  and  oTl]. 
(6)     Â;  =  48-6  [       ,,  ,,        46-3    .,     49-9]. 

(c)    Â;  =  50-0[      ,,  ,,       47-3    ,,    51-9]. 

General  mean  :  49 '4. 

Table  X. — Fropyl  Mandelate. 

iV/60  ester  ;  .¥/60  NaOH. 

(a)     ^-=39-5  [extrême  values,  35-1  and  42-4]. 
(6)     ^=39-5  [       ,,  ,,        36-4    ,,    41-9]. 

General  mean  :  39  5. 


Table  XI. — Ethyl  Phenylmethoxy acétate. 
First  séries  : — iV740  ester  ;  N/30  jSTaOH. 

(a)  k=15'0  [extrême  values,  14-3  and  15-5]. 
(ft)     ^=15-2  [      ,,  ,,        14-2    „     15-9]. 

/Second  séries  : — JV/60  ester  ;  iY/ôO  ISTaOH. 

(rt)     Z;-=15-2  [extrême  values,  14-5  and  lô'S]. 

(b)  A-  =  15-5[      ,,  „      15-0    „    15-7]. 

General  mean  :  15  2. 
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Table  XII. — Ethjl  Phenylelhoxyacelate. 

First  séries  :— .V/40  ester  ;  ^V;/30  NaOH. 

(n)     >;-  =  9-85  [extrême  values,  9-41  aiul  10-34]. 
{b)     A;  =  9-95[       „  „      9-29    „     10-62]. 

Second  séries  -.—N/QO  ester  ;  i\^/60  NaOH. 

(a)  ^  =  10-44  [extrême  values,  9-95  ami  10-93]. 

(b)  ^•  =  10-41  [      ,,  ,,      9-82    „    10-87]. 

General  mean  :  10  2. 


II.  Solutions  containing  60  ^^e?'  cent,  of  Alcohol. 
Table  XIII. — Ethjl  Phenylacetate. 
NllÇi  ester;  NjQO  NaOH  ;  2^=  titre  in  ce.  of  NjHI-O  HCl. 


Time. 

T. 

k. 

Time. 

T. 

0 

0  miiis. 

9 

81 



0-0  mins. 

9-81 

1 

24  ,, 

9 

27 

6-45 

1-23  „ 

9-27 

2 

74  ., 

8 

85 

5-45 

2-73  „ 

8  88 

4 

24  „ 

8 

54 

4-84 

4-23  „ 

8-55 

6 

24  ,, 

8 

11 

4-64 

6-23  ,, 

8-14 

8 

24  ,, 

7 

63 

4-84 

8-23  „ 

7-73 

11 

24  „ 

7 

17 

4-60 

11-23  „ 

7-21 

14 

24  „ 

6 

69 

4-64 

15-23  ,, 

6  63 

19 

24  „ 

6 

08 

4-57 

21-23  ,, 

5-94 

24 

24  „ 

5 

67 

4-35 

28-23  „ 

5-37 

32 

24  „ 

5 

10 

4-21 

36-23  „ 

4-83 

40 

24  ,, 

4 

53 

4-34 

44-23  „ 

4-41 

50 

24  „ 

4 

09 

4-26 

54-23  „ 

4-02 

60-24  ,, 

3 

72 

4-20 

24  hours 

1-28 

24  hours 

1-25 

— 

Table 

XIV.— 1 

tethyl  Mandelate 

i\V70  ester  ;  iV/eU  NaOH  ;  r=  titre  in  ce.  of  iV71l5-8  HCl. 


Time. 

T. 

0-0  mins. 

9-86 

1-23  „ 

5-80 

2-23  „ 

4-67 

3-73  „ 

3-89 

5-73  „ 

3-32 

7-73  ,, 

2-96 

10-73  „ 

2-66 

13-73  „ 

2-46 

18-73  ,, 

2-21 

24  hours 

1-46 

'] 
0 

-6 

1 

-5 

2 

•0 

3 

•0 

5 

-3 

7 

8 

10 

-6 

13 

-9 

18 

- 

24 

Time. 
0  mins. 
23  ,, 


3 

3 

3 

2 

2 

2-21 

1-43 


82-5 
74-3 
63-9 
56-8 
51-4 
45-8 
42-1 


Table  XV. 

iV/70  ester  ;  iV^/60  NaOH. 


Mandelate. 


(a)     A;  =29 -6  [extrême  values,  27-5  ami  31-4]. 
{h)     k  =  2i-Q  [       ,,  ,,        25-4    ,,     31-3]. 

General  mean  :  29 '1. 


760 


THE   VELOCITY   OF   SAPONIFICATION   OF   ESTERS. 


Table  XVI. — Propyl  Mandelate. 
NI10  ester;  iV/60  NaOH;  I'=  titre  iu  ce.  of  iVyiU-S  HCl. 


Time. 

T. 

k. 

Time. 

T. 

k. 

0-Omins. 

9-75 



0-0  mins. 

9-75 



1-75  „ 

7-29 

27-0 

1-75  „ 

7-29 

26-9 

3-75  „ 

5-92 

24-8 

3-75  „ 

5-92 

24-7 

5-75  ,, 

5-04 

24-0 

5-75  „ 

5-03 

24-0 

8-75  ,, 

4-16 

23-6 

8-75  ,, 

4-17 

23-3 

11-75  „ 

3-62 

22-9 

11-75  „ 

3-60 

23-0 

16-75  „ 

3-07 

21-7 

16-75  ,, 

3-04 

22-0 

21-75  ,, 

2-69 

21-2 

21-75  „ 

2-65 

21-7 

29-75  „ 

2-33 

20-3 

29-75  „ 

2-31 

20-4 

39-75  ,, 

2-09 

18-8 

39-75  „ 

2-04 

19-5 

24  hours 

1-33 

— 

24  hours 

1-31 

— 

Mean 

22-7 

Mean 

....     22-8 

General  mean  :  22  1. 

Table  XVII. — Ethyl  Phenylmethoxyacetate. 
iVyTO  ester;  iV/ôO  NaOH;  r=  titre  in  c.c.  of  NjUI-O  HCl. 


Time. 

T. 

k. 

Time. 

T. 

k. 

0  -0  mins. 

9-76 



0-Omins. 

9-76 

— 

1-24  „ 

8-99 

9-56 

1-24  „ 

9-07 

8-51 

2-74  „ 

8-38 

8-36 

2-74  „ 

8-31 

8-90 

4-24  „ 

7-87 

7-93 

4-24  „ 

7-79 

8-3C 

6-24  „ 

7-23 

7-92 

6-24  „ 

7-26 

7-80 

8-24  „ 

6-72 

7-81 

8-24  ,, 

6-62 

8-24 

11-24  „ 

6-08 

7-75 

11-24  „ 

6-06 

7-86 

14-24  ,, 

5-53 

7-83 

14-24  „ 

5-22 

7-91 

19-24  ,, 

4-92 

7-59 

19-24  „ 

4-87- 

7-81 

24-24  ,, 

4-47 

7-37 

24-24  ,, 

4-44 

7-52 

34-24  „ 

3-80 

7-16 

34-24  „ 

3-78 

7-28 

24  hours 

1-25 

24  hours 

1-28 

— 

Table  XNIU.—Ethi 

/l  Phenylethoxy acétate. 

iV770  ester 

;  iV/60  NaOH 

;  T=t 

tre  in  c.c  of 

i\^/116-5  HCl. 

Time. 

T. 

k. 

Time. 

T. 

k. 

0-0  mins. 

9-80 

— 

0-0  mins. 

9-80 

— 

1-24  „ 

9-05 

9 

06 

1-24  „ 

9-03 

9-33 

3-24  „ 

8-41 

6 

95 

3-24  „ 

8-40 

7-01 

5-24  „ 

7-87 

6 

40 

5-24  „ 

7-91 

6-25 

8-24  „ 

7-25 

5 

90 

8-24  „ 

7-31 

5-71 

11-24  „ 

6-73 

5 

65 

11-24  „ 

6-67 

5-79 

15-24  ,, 

6-17 

5 

43 

15-24  „ 

6-18 

5-40 

19-24  „ 

5-64 

5 

44 

19-24  „ 

5-74 

5-21 

25-24  ,, 

5-11 

5 

23 

25-24  „ 

5-13 

5-19 

31-24  „ 

4-69 

5 

08 

31-24  „ 

4-66 

5-15 

39-24  „ 

4-20 

5 

06 

39-24  „ 

4-27 

4-89 

49-24  „ 

3-71 

5-08 

49-24  „ 

3-79 

4-88 

24  hours 

1-16 

- 

24  hours 

1-16 

— 
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Table  XIX. — Ethyl  Phenylpropoxyacetate. 
JVI70  ester  ;  7^760  NaOH  ;  7'=  titre  in  ce.  of  iV7116-5  HCl. 


Time. 

T. 

/.-. 

0-Omins. 

9-82 

— 

1-24  ,, 

9-28 

6-41 

3-24  ,, 

8-76 

5-12 

9-24  ,, 

7-47 

4-74 

17-24  „ 

6-39 

4-51 

24-24  „ 

5-67 

4-34 

38-24  „ 

4-72 

4-18 

56-24  „ 

3-91 

4-13 

24  hours 

1-25 

— 

Chemical  Department, 

University  of  Birmingham. 

LXXVII. — Complex  Nitrites  of  Bismuth. 
By  Walter  Craven  Ball,  B.A. 

The  autlior  bas  been  vmable  to  find  a  description  of  any  nitrites 
of  bismuth,  altbougb  such  comiDovmds  evidently  exist,  for  on 
adding  powdered  bismuth  nitrate  to  a  strong  solution  of  an  alkalî 
nitrite  an  orange  liquid  is  formed,  and  nitrous  fumes  are  evolved. 
Wheii  a  large  aniount  of  the  bismuth  sait  bas  been  added,  the 
colour  of  the  solution  is  deep  orange,  with  a  purplish  reflex. 
This  liquid  rapidly  absorbs  oxygen  from  the  air,  its  surface  becom- 
ing  covered  with  a  white  film  of  basic  bismuth  nitrate. 

A  similar  solution  may  also  be  obtained  by  mixing  the  powdered 
salts  with  acétone;  the  resulting  orange  liquid,  on  evaporation  in 
absence  of  air,  leaves  a  yellow,  crystalline  mass.  If  potassivim 
nitrite  is  used  instead  of  the  sodium  sait,  needle-shaped  crystals 
are  formed  on  evaporation,  but  in  either  case  they  rapidly  décom- 
pose. Varions  attempts  were  made  to  isolate  a  more  stable  crystal- 
line derivative  from  the  orange  solutions,  but  the  only  successful 
method  was  to  pour  the  liquid,  obtained  by  adding  bisnuith  nitrate 
to  saturated  aqueous  sodium  nitrite  nito  an  aqueous  solution  of 
ammonium  nitrate  saturated  at  0°.  A  yellow,  ci'ystalline,  and 
very  unstable  substance  is  precipitated,  which  is  described  in  the 
sequel. 

a.  Bismuth  Sodium  Ammonium  Nitrite. 

A  more  stable  compound  is  obtained  by  dissolving  powdered 
bismuth  nitrate  in  a  saturated  solution  of  ammonium  nitrate  at  0°, 
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and  tlien  gradually  pouring  tliis  liquid  into  an  ice-cold,  nearly 
saturated  solution  of  sodium  nitrite,  slightly  acidified  with  nitrous 
fumes.  The  best  proportions  are  10  grams  of  bismuth  nitrate,  15 
grams  of  ammonium  nitrate,  and  15  grams  of  sodium  nitrite;  but 
thèse  numbers  may  be  varied  considerably. 

The  liquid  must  be  at  once  poured  ofï  and  the  j)recipitate 
drained  on  a  porous  tile.  It  is  then  pressed  several  times  between 
filter  paper  to  remove  adhèrent  liquid,  and  the  drying  is  completed 
by  compressing  the  substance  between  pièces  of  porous  plate  in  a 
desiccator  kept  at  0°.  It  is  essential  to  dry  the  product  in  this 
manner,  otherwise  décomposition  takes  place. 

Bismuth  sodium,'  ammonium  nitrite,  Bi(N02)3,2NH^]S'02,]SraN02, 
is  a  bright  yellow  substance  which  crystallises  in  octahedra,  and 
possesses  a  slight  green  fluorescence.  It  decomj^oses  slowly  at 
0°,  more  rapidly  at  the  ordinary  température,  evolving  nitric  oxide 
and  leaving  a  moist  white  mass  which  contains  no  nitrite.  If 
some  of  the  substance  is  touched  at  any  point  with  a  hot  wire, 
décomposition  rapidly  occui's  throughout,  and  the  resulting  white 
mass  is  found  to  be  free  from  nitrite.  The  substance  détonâtes 
feebly  on  being  struck. 

Analysis. 
Found. 

Préparation.  Bi.  Na.  NH4.  NOo  per  cent. 

(1)  38-9  ;  39-1  4-54  6-30  49-7 

(2)  39-5  4-48  6-25  49-8 

Calcidated. 

38-25  4-24  6-64  50-87 

The  methods  of  analysis  are  described  later  (p.  765).  The  slight 
déficits  in  the  ammonium  and  nitrite  are  probably  dixe  to 
interaction  between  thèse  constituents. 

b.  Bismuth  Potassium  Nitrite. 

The  most  stable  of  thèse  compounds  is  obtained  by  passing  nitrous 
fvimes  into  a  suspension  of  bismuth  hydroxide  in  concentrated 
potassium  nitrite  solution  until  white  particles  can  no  longer  be 
seen  in  the  orange  precipitate.  The  product  should  be  dried 
quickly,  as  when  moist  it  absorbs  oxygen. 

Bismuth  potassium  nitrite,  Bi(N02)3,3KN02,H20>  is  an  orange, 
crystalline,  and  slightly  fluorescent  substance.  Like  the  other 
compounds  described,  it  is  immediately  hydrolysed  by  water;  but. 
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uulike  tlieni,  it  is  stable  at  the  ordinary  température,  and  does  uot 
detonate  when  struck. 

Analysis. 

Found. 


Water  by  diffe 

vence 

Pr 

eparatiou. 

Bi. 

K. 

XO,. 

per  cent. 

(1) 

34-1 

19-09 

44-3 

2-5 

(2) 

33-8 

19-06 

44-2 

2-8 

(3) 

Calculated. 

44-6 

33-5 

18-96 

44-6 

2-9 

The  formulaB  of  thèse  two  compoiinds  resemble  those  of  many 
complex  nitrites  of  other  éléments  in  having  an  atom  of  the  monad 
métal  for  each  valency  of  the  polyvalent  métal,  as,  for  instance, 
Co(N02)3,3NaN02,HoO  and  Co(NOo)o,2KNOo,H20. 

c.   Other  Complex  Bismuth  Nitrites. 

The  compound  obtained  by  mixing  bismuth  nitrate  with  sodium 
nitrite  and  adding  the  mixture  to  ammonivim  nitrate  (p.  761)  is 
both  more  complex  and  less  stable  than  those  ah'eady  described. 
It  may  be  obtained  by  mixing  15  or  20  grams  of  powdered  bismuth 
nitrate  with  a  saturated  aqueous  solution  of  15  grams  of  sodium 
nitrite.  The  resvxlting  orange  liquid  is  then  filtered,  preferably  in 
absence  of  air,  although  instead  of  excluding  air  it  is  sufficient 
to  filter  the  liquid  quickly  by  suction.  As  soon  as  the  filtrate 
becomes  clear,  it  is  allowed  to  drop  slowly  into  saturated  ammonium 
nitrate  solution,  kept  at  0°.  The  svipernatant  liquid  is  rapidly 
looured  off,  and  the  yellow  precipitate  carefully  dried,  first  with 
filter  paper  and  then  in  a  desiccator  at  0°  (p.  762)  ;  it  is  advan- 
tageous  to  replace  the  air  in  the  desiccator  by  nitrogen. 

The  suhstance  thus  obtained,  which  is  most  probably 
Bi(N02)3,2NH^N02,NH,N03,NaN03, 
forms  small,  canary-yellow  crystals,  possessiug  a  green  fluores- 
cence; it  gradually  décomposes,  even  at  0°,  becoming  white 
and  evolving  nitric  oxide.  If  the  sait  is  kept  in  a  bottle, 
the  décomposition  is  rapid,  and  the  residue  becomes  moist,  owing 
to  the  water  produced  from  the  ammonium  nitrite,  but  in  a  desic- 
cator the  décomposition  is  slower,  because  of  the  removal  of  the 
water  as  it  is  formed.  The  décomposition  is  complex,  as  in  addi- 
tion to  the  resolution  of  the  ammonium  nitrite  into  nitrogen  and 
water,  and  the  libération  of  nitric  oxide  from  the  bismuth  nitrite, 
there  is  fvirther  a  graduai  absorption  of  oxygen. 

3  F  2 
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The  substance  détonâtes  feebly  wben  struck,  and  is  decomposed 
tbrougbovit  wben  toucbed  by  a  bot  wire.  It  tbus  resembles  bismutb 
sodhim  ammonium  nitrite,  from  wbicb  it  may  be  regarded  as 
being  derived  by  tbe  replacement  of  a  molécule  of  ammonium 
nitrite  by  ammonium  nitrate  and  tbe  addition  of  a  molécule  of 
sodium  nitrate. 

On  account  of  tbe  unusual  cbaracter  of  tbe  foregoing  formula 
numerous  analyses  were  made  on  spécimens  prepared  under  various 
conditions.  The  proportion  of  bismutb  nitrate  to  sodium  nitrite 
was  varied  between  3  : 5  and  5  : 3  by  weight,  and  tbe  ammonium 
nitrate  was,  in  some  cases,  added  to  the  mixtui'e  of  bismuth  nitrate 
and  sodium  nitrite;  but  tbe  analyses  sbowed  no  parallel  varia- 
tions. Wben  the  substance  was  precipitated  fractionall)',  the 
variations  were  also  small  and  irregular,  and  "this  renders  it 
unlikely  that  the  substance  could  be  a  mixture  of  two  or  more 
salts  precipitated  together;  the  comjDOsition  of  a  precipitate  would 
in  such  case  change  as  the  concentration  of  the  dissolved  salts 
altered. 

Analysis, 

Founcl  (mean). 

Bi.  Na.  NH4.  NOo.  NO3  per  cent. 

32-6  3-59  8-32  34-3  19-0 
Number    of   déterminations 

of  eacli  constituent (5)  (5)  (8)  (15)  (5) 

Calcidated. 
32-5  3-60  8-46  36-0  19-4 

The  numbers  are  fairly  concordant  except  for  tbe  nitrite;  the 
bismuth  and  sodium  sbowed  a  very  constant  ratio.  Tbe  ammonium 
and  nitrite  are  low,  probably  in  joart  on  account  of  some  action 
between  them.  The  bismutb  is  not  présent  as  a  basic  sait,  for  the 
acids  are  équivalent  to  the  bases;  in  this  the  compound  difïers 
from  the  nitrate-nitrites  of  lead,  wliicb  are  ail  basic. 

The  tendency  of  thèse  compound  bismuth  nitrites  to  oxidise  is 
not  entirely  due  to  hydrolysis  into  bismuth  hydroxide  and  nitrous 
acid,  followed  by  décomposition  of  the  latter.  The  orange  liquid, 
obtained  by  mixing  bismuth  nitrate  and  sodium  nitrite,  became 
coated  with  a  white  film  immediately  it  came  into  contact  with 
the  air,  and  direct  measurement  proved  that  such  a  solution  ab- 
sorbed  oxygen  much  more  quickly  than  it  evolved  nitric  oxide. 

In  addition  to  the  above  compounds,  some  other  salts  were  pre- 
pared :  an  orange  tetrametbylammonium  sait  ;  a  black  triple 
nitrite   of  bismutb,   copper,  and   ammonium;    and    a   yellow   com- 
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pound,  apparently  a  double  nitrite  of  bismuth  and  ciuclioniue.  A 
light  yéllow  solution  is  obtained  by  passing  nitrous  fumes  into 
water  containing  bismlutli  hydroxide  in  suspension,  and  also  by 
adding  the  hydroxide  and  a  little  water  to  the  blue  liquid  obtained 
by  condensing  nitrous  fumes.  Thèse  solutions  probably  contain 
bismuth  nitrite,  but  it  was  not  found  possible  to  prépare  this  sub- 
stance in  the  solid  state. 

The  slight  fluorescence  possessed  by  thèse  sait  s  suggested  tliat 
they  might  be  susceptible  to  radium,  or  to  the  cathode  rays;  but 
in  neither  case  was  any  jjerceptible  effect  produced. 

Methods  of  Anaîysis. 

The  bismuth  was  estimated  as  oxide  or  sulphide,  and  the  sodivim 
and  potassium  as  sulphates.  To  estimate  the  ammonium,  about 
0-5  gi-am  of  the  solution  was  weighed  in  a  small  tube,  which  was 
then  dropped  into  cold  caustic  soda  solution,  the  ammonia  being 
then  distilled  into  N jlQ  acid.  If  the  substance  is  first  added  to 
water  there  is  a  slight  loss  of  ammonia. 

As  the  substance  was  decomposed  immediately  by  water  with 
évolution  of  nitrous  fumes,  and  ammonium  was  présent,  it  was 
found  impossible  to  obtain  concordant  values  for  the  nitrite,  ex- 
cept  by  the  following  method.  About  01  gram  of  tlie  substance 
was  weighed  in  a  small  tube  ;  this  was  dropped  into  a  500  ce. 
bottle,  almost  full  of  ice-cold  acidified  water,  to  which  about  one 
and  a  half  times  the  calculated  quantity  of  T/10  permanganate 
had  been  added.  After  a  few  minutes  the  excess  of  permanganate 
was  estimated  by  ferrons  sulphate.  Control  analyses  were  made 
on  pure  sodium  nitrite  and  mixtures  of  sodium  nitrite,  ammonium 
nitrate,  and  bismuth  nitrate;  the  method  gave  good  results,  whilst 
departures  from  this  mode  of  procédure  gave  high  and  discordant 
values. 

The  nitrate  was  determined  by  différence,  the  total  nitrogen  in 
about  0-2  gram  of  the  substance  being  converted  into  ammonia 
by  réduction  with  aluminium  and  sodivim  hydroxide.  Simul- 
taneous  déterminations  of  the  ammonium  and  nitrite  were  made 
on  the  same  spécimen,  so  that  the  nitrogen  présent  as  NO3  was 
given  by  the  différence.  Three  treatments  with  aluminium  were 
usually  necessary  before  ail  the  nitrate  and  nitrite  were  reduced. 

Chemical  Labokatory, 

Guy's  Hospital,  S.E. 
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LXXVIII. — The     Ultra-violet     Absorption     Sjpectra    of 

Certain  Enol-keto-tautomerides.     Part  II. 

By  Edward  Charles  Cyril  Baly  and  Cecil  Henry  Desch. 

In  the  first  part  of  this  investigation  (Trans.,  1904,  85,  1029)  tlie 
ultra-violet  absorption  spectra  of  acetylacetone  and  ethyl  aceto- 
acetate  and  of  certain  derivatives  of  tliese  compounds  were  de- 
scribed.  Reasons  were  brouglit  forward  in  support  of  tlie  view 
tbat  the  absorption  band  obtained  in  pliotograpbing  the  ultra- 
violet spectrum  of  iron  tlirough  solutions  of  thèse  substances, 
according  to  Hartley's  method,  is  due  to  the  equilibrium  existing 
between  the  two  possible  tautomeric  forms.  It  was  found  that 
neither  of  the  modifications,  when  in  a  pure  state,  gives  an  absorp- 
tion band,  but  that  when  the  two  are  présent  in  equilibrivim  with 
one  another,  a  very  decided  absorption  band  is  developed.  It  was 
further  pointed  out  that  the  persistence  of  this  absorption  band 
over  a  definite  change  of  concentration  may  doubtless  be  taken  as 
a  measure  of  the  relative  number  of  molécules  in  the  changing 
state.  Finally,  it  was  found  that  the  oscillation  frequency  of  the 
light  waves  absorbed  is  nearly  the  same  in  ail  the  substances 
examined,  whether  thèse  contained  a  hydrogen,  giucinum,  sodium, 
or  even  a  thorium  atom  in  the  so-called  labile  condition.  We 
therefore  concluded  that  the  absorption  band  cannot  in  any  way 
be  regarded  as  being  directly  due  to  an  oscillating  atom,  that  is 
to  say,  the  vibration  frequency  of  the  atom  cannot  be  the  same  as 
the  oscillation  frequency  of  the  light  absorbed.  We  hâve  now  in- 
vestigated  the  ultra-violet  absorption  spectra  of  the  following 
analogous  substances  :  ethyl  acetylsuccinate,  ethyl  diacetylsuc- 
cinate,  ethyl  benzoylacetate,  ethyl  oxaloacetate,  ethyl  acetonedi- 
carboxylate,  ethyl  benzoylsuccinate,  and  benzoylacetone,  together 
with  certain  of  their  metallic  derivatives.  The  conclusions  drawn 
in  the  pi'evious  paper  hâve  been  fully  confirmed  ;  on  the  one  hand, 
neither  the  pure  hydroxylic  nor  the  pure  ketonic  substance  shows 
an  absorption  band,  and  on  the  other  hand,  the  vibration-frequency 
of  the  absorption  band  seems  to  bear  little  relation  to  the  mass  of 
the  atom  in  the  labile  state. 

Only  three  of  the  substances  dealt  with  in  the  présent  paper 
exhibit  absorption  bands  in  the  free  state,  namely,  benzoylacetone, 
ethyl  benzoylacetate,  and  ethyl  benzoylsuccinate.  It  is  évident, 
therefore,  that  there  must  be  in  thèse  three  cases  a  considérable 
number  of  molécules  in  the  oscillating  state,  whilst  in  the  case  of 
the  remaining  substances  dealt  with,  almost  ail  the  molécules  are 
probably  quiescent;   it  is  not  possible  to  say  with   any  certainty 
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whether  the  latter  substances  are  euolic  or  ketonic,  but  it  is 
probable,  from  a  comparison  of  their  absorption  curves  with  tbose 
of  acetonylacetone  and  ethyl  etlioxyfumarate,  tliat  they  are  cliiefly 
enolic. 

The  conclusion  tliat  the  pure  substances  do  not  show  any 
absorption  band  in  their  spectra  is  based  on  the  results  obtained 
with  acetonylacetone,  ethyl  ethoxyfumarate,  and  hydroxy- 
methylenecamphor.  The  détails  of  the  absorption  spectra  are 
given  below,  and  it  will  be  seen  that  there  is  no  semblance  of  an 
absorption  band  developed  in  any  of  thèse  substances.  In  acetonyl- 
acetone we  hâve  a  purely  ketonic  compound,  in  ethyl  ethoxy- 
fumarate a  derivative  of  the  purely  hydroxylic  form  of  ethyl 
oxaloacetate,  and  in  hydroxymethylenecamphor  we  hâve  an  analo- 
gous  condition  in  the  hydroxymethylene  group.  It  may  be 
pointed  out  that  solutions  of  camphor  itself  of  the  strength  we 
work  with  hâve  been  shown  by  Hartley  to  be  quite  diactinic,  so 
that  we  ai-e  justified  in  attributing  the  absorption  given  by  this 
substance  entirely  to  the  présence  of  the  hydroxymethylene  group. 

With  the  exception  of  the  aluminium  derivatives  of  ethyl 
benzoylacetate  and  benzoylacetone,  we  hâve  only  been  able  to  in- 
vestigate  the  free  compovmds  and  their  sodium  derivatives;  but, 
as  can  readily  be  seen  from  the  expérimental  results  given  below, 
although  the  absorption  bands  are  usually  shifted  towards  the  red 
in  the  metallic  derivatives,  the  amount  of  shift  is  by  no  means 
the  same  in  ail  the  substances,  and  bears  no  simple  relation  to 
the  masses  of  the  metallic  and  hydi'ogen  atoms.  The  slight  shift- 
ing  observed  is  only  what  would  be  expected  from  the  small  in- 
crease  in  the  total  mass  of  the  molécule,  as  has  so  many  times  been 
pointed  out  by  Hartley. 

In  attempting  to  iind  an  explauation  of  the  origin  of  the  absorp- 
tion band  it  is  necessary  to  take  a  différent  view  of  the  physical 
process  from  that  usually  held.  It  is  perfectly  évident  that  some 
vibration  or  free  period  must  exist  connected  with  the  transition 
from  one  tautomeride  to  the  other,  which  is  synchronous  with  the 
oscillation  frequency  of  the  light  rays  absorbed.  There  seems  to 
be  no  question  of  doubt  that  this  vibration  cannot  be  the  vibration 
of  the  labile  atom  itself,  for,  apart  from  the  fact  that  the  oscillation- 
frequency  of  the  absorption  band  bears  little  relation  to  the  mass 
of  this  labile  atom,  it  is  also  noteworthy  that  the  oscillation- 
frequency  of  the  band  is  far  greater  than  that  usually  attributed  to 
atomic  motions.  We  are  therefore  driven  to  the  conclusion  that 
the  absorption  of  light  is  due  to  the  change  of  linkiug  expressed 
by  the  following  réversible  équation  : 

-CHo-co-      :^      -ch:c(oh)-, 
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and  iiot  merely  to  the  wandering  of  the  labile  atom.  This  may  be 
expressed  in  anotlier  way  by  saying  tliat  the  phenomenon  is  due  to 
the  change  of  condition  of  the  two  carbon  atoms  and  the  oxygen 
atom.  If  we  consider  in  détail  the  transition  from,  for  example, 
the  enolic  to  the  ketonic  form,  it  will  be  seen  that  the  hydrogen 
or  other  labile  atom  leaves  the  oxygen  and  wanders  to  the  carbon 
atom;  there  mnst,  however,  obtain  for  an  exceedingly  short  time 
a  condition  in  which  the  hydrogen  atom  is  half-way  on  its  journey, 
when  we  cannot  consider  it  to  be  definitely  linked  either  to  the 
oxygen  or  to  the  carbon  atom.  We  may  thus  conceive  the 
momentary  existence  of  an  intermediate  transition  phase,  which 
can  be  expressed  thus  : 

-CH-Ç- 

During  the  existence  of  this  transition  phase  the  two  carbon  atoms 
and  the  oxygen  atom  are  actually  changing  their  linking.  It 
seems  probable  that  the  absorption  band  is  due  to  this  change  of 
linking,  or,  in  other  words,  it  is  due  to  the  above  transition 
phase.  It  must  not  be  forgotten  that  the  oscillation-frequency  of 
the  absorption  band  appears  to  be  too  great  to  be  connected  in  any 
way  with  the  motions  of  the  atoms  quâ  atoms,  and  therefore  we 
are  not  able  to  attribute  it  to  jiossible  motions  of  the  carbon  or 
oxygen  atoms. 

In  attempting  to  form  a  theory  to  account  for  the  connection 
between  the  change  of  linking  and  the  absorption  of  light,  it  is 
necessary  to  take  account  of  certain  facts  which  hâve  been  estab- 
lished  experimentally  by  Hartley  and  others  in  this  field.  Firstly, 
no  organic  substance  shows  an  absorption  band  unless  a  possibility 
of  tautomerism  exists  in  the  molécule.  Secondly,  this  tautomerism 
need  not  be  due  to  a  labile  atom,  but  may  be  of  the  same  order 
as  that  occurring  in  those  aromatic  substances  containing  the  true 
benzenoid  structure.  Thirdly,  in  ail  cases  of  the  simpler  tauto- 
meric  molécules,  the  vibration-frequencies  of  the  absorption  bands 
are  very  nearly  the  same.  Fourthly,  an  increase  in  the  mass  of 
the  molécule  causes  a  decrease  in  the  oscillation-frequency  of  the 
absorption  band. 

Finally,  we  hâve  Hewitt's  theory  of  fluorescence,  namely,  that 
this  johenomenon  is  due  to  a  process  of  tautomerism.  If  this  is 
accepted,  it  appears  that  a  tautomeric  substance  is  not  only  able 
to  give  rise  to  a  sélective  absorption  of  light,  but  also  in  certain 
circumstances  to  act  as  a  source  of  light. 

Up  to  the  présent  no  theory  has  been  brought  forward  to  account 
for  any  of  thèse  facts,  but  it  is  possible  to  co-ordinate  ail  of  them, 
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and  at  the  same  time  to  explain  the  formation  of  the  absorption 
bands  by  the  same  theory  as  that  employeçl  by  physicists  to  explain 
the  phenomena  of  radioactivity,  émission  si^ectra,  séries  of  spectral 
lines,  the  Zeeman  effect,  &c.,  namely,  the  électron  theory.  This 
theory  postulâtes  that  each  atom  is  a  System  of  small  particles  or 
électrons,  which  are  in  continuai  motion  round  a  common  centre 
of  gravity,  and  that  the  émission  spectra  of  gases  are  due  to  vibra- 
tional  disturbances  of  thèse  Systems  of  électrons.  The  combination 
between  two  atoms  is  accompanied  by  the  passage  of  one  or  more 
électrons  from  one  atom  to  the  other,  producing  one  or  more 
Faraday  tubes  of  force  between  them,  each  Faraday  tube  represent- 
ing  the  chemist's  single  bond.  If,  by  some  means,  we  cavise  a 
rearrangement  of  thèse  linkings  or  Faraday  tubes,  it  is  clear  that 
there  must  occur  a  vibrational  disturbance  in  the  System  of 
électrons.  In  ail  cases  of  tautomerism,  the  rearrangement  of  the 
linkings  is  the  essence  of  the  process,  and  therefore  we  should 
expect  to  find  vibrational  disturbances  in  the  électrons  of  the 
atoms  concerned.  Now,  we  hâve  direct  évidence  of  thèse  distu.rb- 
ances  in  the  fluorescence  of  tautomeric  substances,  as  shown  by 
Hewitt.  It  is  therefore  only  natural  that  the  converse  takes 
place,  namely,  the  absorption  of  light  by  tautomeric  substances. 
In  the  substances  dealt  with  by  us,  at  least  three  atoms  in  each 
molécule  are  undergoing  change  of  linking,  and  therefore  each  one 
of  thèse,  owing  to  the  resulting  disturbance  of  the  électrons,  helps 
in  the  formation  of  the  absorption  band. 

This  theory  of  the  formation  of  the  absorption  bands  accomj^any- 
ing  tautomerism  is  capable  of  bringing  into  line  the  facts  observed 
in  the  ultra-violet  absorption  sjîectra,  whicli  were  mentioued  above. 
Firstly,  the  fact  that  the  oscillation-frequeucies  of  the  absorjotion 
bands  given  by  simple  tautomeric  substances  are  always  very  nearly 
the  same — the  changes  of  linking  taking  place  are  ail  of  the  same 
type,  whether  in  the  aromatic  compounds  containing  the  benzenoid 
nvicleus  or  in  the  aliphatic  tautomerides,  and  therefore  the  same 
type  of  vibrational  distvirbance  on  the  électrons  is  set  up,  resulting 
in  approximately  the  same  frequency  in  the  absorption  band. 
Secondly,  an  increase  in  the  mass  of  the  molécule  causes  the  oscilla- 
tion-frequency  of  the  band  to  decrease,  and  the  band  is  shifted 
towards  the  red  ;  the  period  of  the  vibrational  disturbance  of  the 
électrons  dépends  on  the  mass  of  matter  in  their  immédiate 
neighbourhood,  and  becomes  slower  when  this  mass  is  increased. 
This  decrease  in  the  period  of  the  vibrations  of  the  électrons,  with 
increase  in  the  mass  of  the  molécule,  is  well  shown  by  the  spectral 
séries  of  the  several  éléments   of  the  same   family.     This   can  be 
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seen  at  once  from  the  following  équations  for  the  first  members  of 
the  principal  séries  of  the  alkali  metals,  where  n  is  the  oscillation- 
frequency,  and  m  the  number  of  the  line  in  the  séries  (  =  3,  4,  5,  &c.). 

133669         1100084 
Lithium    n  =  43584-/5 —^-    -   — ^^^y- 

AlKAo■K^        130233         800791 
Sodium n  =  41542  51  -  -  ;— 2  ~    ~  4 

1^6983        625318 
Potassium     h=  35086-55 5—   "    4— 

T.  1.-A-  ^Q7fio.n    125531    562255 

Rubidium n  =  33762-11 o—    -    3— 

m-  m* 

n     ■                                         Qirnoo-,        125395        486773 
Cœsmm n  =  31509-31  -  ^—    -    r— 

m-  m* 

Thèse  équations  of  Kayser  and  Runge  show  at  once  how  the 
séries  is  in  each  case  bodily  shifted  towards  the  red  with  increasing 
mass.  We  hâve  in  this  a  very  striking  analogy  between  émission 
and  absorption  spectra. 

The  chemical  aspect  of  tautomerism,  as  seen  in  the  light  of  ultra- 
violet absorption  spectra,  is  also  very  interesting.  For  example, 
solutions  of  the  sodium  and  aluminium  derivatives  of  ethyl  aceto- 
acetate  are  equilibrium  mixtures  of  the  enolic  and  ketonic  modifi- 
cations, that  is  to  say,  the  sodium  and  aluminium  atoms  respectively 
are  oscillating  between  the  two  positions.  Now,  in  the  case  of  the 
sodium  compound,  there  is  distinct  évidence  of  ionisation  and 
hydrolysis,  but  in  the  case  of  the  aluminium  compound  the  ionisa- 
tion and  hydrolysis  are  very  small.  Now,  Hartley  (Trans.,  1902, 
81,  571;  1903,  83,  221)  showed  that  metallic  nitrates  and  nitric 
acid  in  solution  give  absorption  bands,  the  position  of  which  dépends 
on  the  mass  of  the  métal.  Thèse  bands,  however,  are  only  developed 
in  solutions  which,  accoi'ding  to  the  electrolytic  dissociation  hypo- 
thesis,  are  ionised,  and  Hartley,  in  this  way,  showed  that  there 
must  be  intimate  connection  between  the  metallic  atom  and  the  NO3 
group,  even  in  dilute  solutions,  when  the  salts  are  more  or  less 
completely  ionised.  Even  without  this  discovery  of  Hartley 's,  it 
is  impossible  to  conceive  of  the  bond  of  chemical  attraction,  or  the 
Faraday  tube  between  the  two  ions  of  a  metallic  sait,  as  being 
destroyed  by  simple  solution.  It  would  seem  préférable  to  consider 
the  action  of  the  solvent  as  merely  tending  to  draw  the  two  ions 
apart.  When  the  two  ions  are  sufïiciently  separated  to  allow  of 
an  interchange  of  ions  between  différent  molécules,  we  then  hâve 
the  condition  called  ionisation.  In  this  way,  we  do  not  picture 
the  bands  of  affinity  as  being  destroyed,  but  merely  broken  in  one 
place  and  regenerated  in  another.  It  is  possible,  on  thèse  lines,  to 
consider  the  whole  phenomena  of  electrolytic  dissociation  from  a 
far    broader    standpoiut.     When    a    compound    is    dissolved,    the 
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fcendency  of  the  solvent  is  to  separate  the  molécules  into  two  or 
more  ions.  When  the  ions  become  sufficiently  far  removed  from 
one  another  to  permit  of  the  interchange  of  ions  between  adjacent 
molécules,  we  hâve  the  condition  of  ionisation,  which  is  partial,  or 
more  or  less  complète,  according  as  to  whether  the  interchanges  are 
small  or  great  in  number  per  unit  time.  When,  however,  the 
séparation  of  the  ions  has  not  reached  the  critical  length,  no  inter- 
change takes  place,  and  we  hâve  the  non-ionised  condition,  for 
example,  mercuric  cyanide  in  water.  In  this  class  we  might  in- 
clude  the  many  organic  compounds  which  apparently  react  by 
ions,  even  although  their  solutions  show  little  or  no  évidence  of 
ionisation  (compare  Kahlenberg,  /.  Physical  Chem.,  1902,  6,  1). 
One  class  more  may  be  included,  namely,  the  aliphatic  tautomeric 
substances,  which  may  be  regarded  as  being  only  sufficiently  dis- 
sociated  in  solution  to  allow  of  interchanges  between  différent  parts 
of  the  same  molécule.  The  labile  atom  is  in  a  state  of  incipient 
dissociation,  and  may  thus  be  looked  upon  as  a  potential  ion. 

The  whole  question  of  dissociation  thus  appears  to  be  one  merely 
of  degree  and  not  of  kind,  and  there  is  no  need  to  consider  any 
discontinuity  in  the  action  of  the  solvent. 

It  is  possible  to  put  this  view  to  the  test  in  the  case  of  the 
aliphatic  tautomeric  substances.  We  hâve  already  suggested  that 
the  persistence  of  the  band  is  a  measure  of  the  number  of 
molécules  which  are  in  the  transitional  state  between  the  two 
forrns  ;  on  the  above  view,  this  persistence  is  a  measure  of  the 
extent  to  which  the  labile  atoms  are  separated  from  the  rest  of  the 
molécule. 

There  should  exist,  therefore,  for  every  tavitomeric  substance,  a 
maximum  value  of  this  persistence  which  corresponds  to  the  con- 
dition that  the  séparation  of  ail  the  labile  atoms  from  the  rest  of 
the  molécule  has  overstepped  the  critical  value,  and  that  perfectly 
free  interchanges  are  taking  place.  Now,  we  hâve  shown  that  the 
addition  of  sodium  hydroxide  increases  the  persistence  of  the 
absorption  band  ;  successive  additions  of  the  alkali  should  there- 
fore increase  the  persistence  until  the  maximum  value  is  reached, 
and  the  amount  of  hydroxide  necessary  to  produce  this  should  be 
far  beyond  that  required  to  couvert  the  whole  of  the  substance 
into  the  sodium  derivative.  This  is  well  evidenced  by  the  addition 
of  sodium  hydroxide  to  the  aluminium  derivative  of  ethyl  benzoyl- 
acetate,  a  large  excess  being  necessary  to  produce  the  maximum 
persistence  (compare  Fig.  1).  We  hâve  investigated  the  action  of 
sodium  hydroxide  on  ethyl  benzoylsuccinate  and  hâve  observed 
the  absorption  spectra  of  the  substance  in  the  free  state  and  in  the 
présence  of  one,  ten,  twenty,  and  one  hundred  équivalents  of  alkali. 
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The   nieasurements    of   the  persistence  of   the   absorption    band    in 
each  case  are  as  follows  : 

AVithl  or[.  WithlOeq.  \Vith20eq.  With  100  eq. 
Free  ester,     ofalkali.      of  alkali.       ofalkali.        ofalkali. 
Absorption  band  begins 

at  120    mm.       63   mm.       40  mm.        317  mm.       21 '9  mm. 

Absorption  band emls at     83-2  ,,  347  ,,         20    ,,  15-2    ,,  10-4    ,, 

Change  of  dilution  over 

which  absorption 

band  persista   307%  44-9%         50%  52%  52-5% 

The  thicknesses  given  refer  to  a  77/10,000  solution  of  the  ester. 

Thèse  results  leave  little  dovibt  that  the  persistence  of  the  absorp- 
tion band  is  steadily  increased  by  the  addition  of  alkali  until  a 
maximvim  is  reached;  in  the  case  of  ethyl  benzoylsuccinate,  the 
maximum  is  apparently  reached  by  the  addition  of  20  équiva- 
lents of  sodium  hydroxide,  as  an  increase  in  the  alkali  to  100 
équivalents  only  increases  the  persistence  by  05  per  cent. 


Expérimental. 

Bcnzoylacetone. 

This  substance  was  obtained  from  Kahlbaum,  and  another  spéci- 
men was  prepared  for  us  by  Messrs.  A.  C.  Carter  and  D.  B.  Byles. 
Both  spécimens  were  found  to  be  pui'e  after  recrystallisation  from 
alcohol.  Solutions  were  made  in  absolute  alcohol,  and  their  absorp- 
tion spectra  photographed.  The  following  measurements  of  the 
absorption  band  were  obtained  : 

0162   gram   (1    milligram-molecule)   in   1000   ce. 

Thickness  of 
layer  of  solution 

in  millimètres.            Description  of  spectruni.  V^-  ^• 

60            Spectrum  transmitted  to 2810  3557 

40                    ,,                    ,,            2815  3552 

30                    ,,                    „           2820  — 

20                    ,,                    ,,            2830  3532 

10                     „                     ,,            2860  3496 

9                     ,,                     ,,            2865  3490 

8                     ,,                     ,,            2875  3477 

Absorption  band 2875-3800  3477—2630 

Spectrum  transmitted  (weak) 3800—3850  2630—2597 

Complète  absorption  beyond. 

6             Spectrum  transmitted  to 2900  3447 

Absorption  band 2900-3748  3447—2667 

Spectrum  transmitted  3748—3875  2667—2580 

Complète  absor]ition  beyond. 

4             Spectrum  transmitted  to 2935  3405 

Absorption  ban  d 2935—3640  3405—2746 

Spectrum  transmitted  3640—4140  2746—2415 
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Thickness  of 

layer  of  liquid 

in  millimètres. 

30 


10 


01 62  gram  in  10,000  ce. 


Description  of  spectrum.  ^/\.  A. 

Spectrum  transmitted  to  ...  2970  3366 

Absorption  band 2970-3558  3366—2810 

Spectrum  transmitted  3558—4290  2810—23.30 

Complète  absorption  beyond. 

Spectrum  transmitted  to   3030  3299 

Absorption  band 3030-3480  3299-2873 

Spectrum  transmitted  3480—4320  2873—2314 

Complète  absorption  beyond. 

Spectrum  transmitted  to  3200  3124 

Absorption  band 3200-3300  3124—3029 

Spectrum  transmitted  3300—4340  3029—2303 

Complète  absor[ition  beyond. 

Spectrum  transmitted  to 4390  2277 


Benzoylacetone  in  ■présence  of  Sodium  Hydroxide. 


Thickness  of 
layer  of  liquid 
in  millimètres. 


0162  gi-am  in  1000  ce. 


Description  of  spectrum.  V^-  ^• 

Spectrum  transmitted  to  2805  3565 

2810  3558 

Absorption  band 2810-3500  3558-2857 

Spectrum  transmitted  3500—3900  2857—2562 

Complète  absorption  beyond. 

Spectrum  transmitted  to 2835  3526 

Absorption  band 2835—3400  3526-2938 

Spectrum  transmitted  3400—3860  2938—2589 


Thickness  of 

layer  of  licpiid 

in  millimètres. 

30 


20 


0162  gram  in  10,000  ce. 


Description  of  spectrum.                     V^.  A. 

Spectrum  transmitted  to 2890  3459 

Absorption  band 2890—3305  3459-3024 

Spectrum  transmitted  3305—4030  3024—2480 

to  2970  3366 

Absorption  band 2970—3220  3366—3104 

Spectrum  transmitted  3220—4190  3104-2384 

to...  3020  3309 

Absorption  band 3020-3140  3309-3184 

Spectrum  transmitted  3140—4247  3184—2354 

,,       to 4310  2319 

to 4360  2293 

to 4460  2241 


Benzoylacetone,   Altiniiniuni  Derirafive. 

The  aluminium  derivative  of  benzoylaeetoue,  A1(CiqH<)02)3,  is 
readily  prepared  by  adding  an  alcoliolic  solution  of  benzoylacetone 
(3  mois.)  to  a  solution  of  aluminium  cliloride  (1  mol.)  and  sodium 
acétate   (3  mois.)   in  water.     The   aluminium   derivative   séparâtes 
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immediately  as  a  crystalline  precipitate.  It  dissolves  very  spar- 
ingly  in  organic  solvents,  but  may  be  recrystallised  from  a  large 
volume  of  hot  alcohol.  It  melts  at  217°,  but  after  being  allowed 
to  solidify  again  melts  at  162°. 


01 70  gram  (1  milligram-equivalent)  in  1000  ce. 

Thickness  of 
layer  of  liquid 
in  millimètres.  Description  of  spectrum.  ^/\.  \. 

8  Spectrum  transinitted  to 2800  3570 

6  ,,  ,,  2805  3565 

Absorption  band 2805—3630  3565—2755 

Spectrum  transmitted  3630—3750  2755—2666 

4  ,,  „        to 2810  3557 

Absorption  band 2810—3560  3557—2809 

Spectrum  transmitted  3560—3800  2809—2631 


Thickness  of 

layer  of  liquid 

in  millimètres. 

30 


0170  gram  in  10,000  ce. 


Description  of  spectrum.  V^-  ^• 

Spectrum  transmitted  to 2830  3532 

Absorption  band 2830—3480  3532—2873 

Spectrum  transmitted  3480—3870  2873—2583 

,,       to 2855  3501 

Absorption  band 2855—3445  3501—2902 

Spectrum  transmitted    3445—3980  2902—2511 

.,       to   2905  3441 

Absorption  band 2905-3400  3441-2938 

Spectrum  transmitted  3400—41 55  2938-2406 

,,       to 3000  3333 

Absorption  band 3000—3230  3333—3094 

Spectrum  transmitted  3230—4270  3094—2341 

to 3040  3288 

Absorption  band 3040—3190  3288-3133 

Spectrum  transmitted  3190—4350  3133—2298 

Spectrum  weak  3080—3120  3246—3204 

Spectrum  transmitted  to 4420  2262 


Etinjl  Benzoylacetate,  COPlrCK/CO^Et. 

The  free  ester  was  obtained  from  Kahlbaum  and  was  perfectiy 
colourless.  The  aluminium  derivative,  Al(Cj^Hj-^03)3,  was  prepared 
by  mixing  an  alcoholic  solution  of  the  ester  (3  mois.)  with  an 
aqueous  solution  of  aluminium  chloride  (I  mol.)  and  sodium  acétate 
(3  mois.),  alcohol  being  added  to  dissolve  any  j^recipitate  which 
may  be  formed.  The  akiminium  derivative  séparâtes  after  a  time 
as  a  viscous  oil,  which  slowly  solidifies,  and  may  be  recrystallised 
from  hot  alcohol,  in  which  it  is  rather  sparingly  soluble;  it  melts 
sharply  at  135°.  The  absorption  curves  of  thèse  substances  are 
shown  in  Fig.  1,  in  which  curve  1  is  that  of  the  free  ester,  curve  2 
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is  that  of  the  aluminium  derivative,  curve  3  that  of  the  ester  in 
the  présence  of  sodium  hydroxide,  and  curve  4  that  of  the  aluminium 
derivative  in  présence  of  sodium  hydroxide. 
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Etliyl  Acetonedicarhoocijlate. 

The  substance,  which  was  obtained  from  Kahlbaum,  was  quite 
colourless;  it  was  twice  redistilled  and  boiled  at  167°  under  45  mm. 
pressure. 


776      BALY   AND   DESCH  :   ULTRA-VIOLET   ABSORPTION   SPECTRA   OF 


Tlie  Ester  in  présence  of  Alkali  Hydroxide. 
0-202  gTam  (1  milligram-molecule)  in  100  ce. 


Thickness  of 
layev  of  liquid 
in  millimètres.  Description  of  spectrum. 

30  Spectrum  transmitted  to 

20 

10 


Va. 

A. 

3220 

3105 

3250 

3076 

3280 

3048 

8295 

3034 

3305 

3025 

3335 

2997 

0-202  gram  in  1000 
Thickness  of 
layer  of  liquid 
in  millimètres.  Description  of  spectrum. 

30  Spectrum  transmitted  to 

20  ,,  ,,  

10  .,  


Absorption  band... 

Spectrum  transmitted 

Absorption  band  .. 

spectrum  transmitted 

Absorption  band... 

spectrum  transmitted 

Absorption  baîîd... 

spectrum  transmitted 


to 


Absorption  band 

Spectrum  transmitted  .... 

Spectrum  wcak  .  

Spectrum  transmitted  to 


Va. 

A. 

3353 

2982 

3370 

2966 

3400 

2940 

3418 

2925 

3425 

2919 

3425-4040 

2919-2474 

4040—4220 

2474—2369 

3437 

2908 

3437-3980 

2908-2512 

3980—4290 

2512—2330 

3473 

2879 

3473-3880 

2879-2577 

3880—4410 

2577—2267 

3520 

2840 

3520-3800 

2840-2631 

3800-4415 

2631—2265 

3565 

2804 

3565-3750 

2804-2666 

3750—4417 

2666—2263 

3000—3700 

2777—2702 

4420 

2262 

Ethyl  A  cetonedicarhoxylate. 

0-202  gram  (1  milligram-molecule)  in  100  ce. 

Thickness  of 
layer  of  liquid 
in  millimètres.  Description  of  spectrum. 

30  Spectrum  transmitted  to 

20 

10 


Va. 

A. 

3557 

2810 

3600 

2776 

3660 

2731 

3668 

2716 

3685 

2712 

3725 

2684 
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0-202  gram  in  1000  ce, 
Thickness  of 
layer  of  liquid 
in  millimètres.  Description  of  spectrum. 

30  Spectrum  transmitted  to 

20 

10 


Va. 

A. 

3765 

2655 

3835 

2607 

4040 

2474 

4140 

2415 

4200 

2380 

4280 

2336 

4390 

2277 

Ethijl  Oxaloacetate. 

The  sample  employed  was  obtained  from  Kalilbaum  ;  it  was 
colourless,  and  wlien  redistilled  under  27  mm.  pressure  boiled  at 
132—133°. 

0188  gram  (1  milligram-moleciile)  in  100  ce.  of  alcoliol. 


Thickness  of 
layer  of  liquid 

in  millimètres.             Description  of  spectrum. 
30  Spectrum  transmitted  to     


Va. 

A. 

3225 

3100 

3270 

3057 

3345 

2988 

3360 

2976 

3365 

2971 

3390 

2950 

01 88  gram  in  1000  e.c  of  aleohol. 


Thickness  of 

layer  of  liquid 

in  millimètres. 

30 

Description  ot 
Spectrum  transmitt 

spectrum. 

ed  to  

Va. 
3405 
3420 
3470 
3560 
3730 
4005 
4200 
4365 

A. 
2934 

20 
15 

2923 
2881 

10 

2808 

8 

2680 

6 

2496 

5 
4 

2380 
2290 
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Ethyl  Oxaloacetate  in  Alkaline  Solution. 

0188  gram  in  100  ce.  of  alcohol. 
Thickness  of 
layer  of  liquid 

in  millimètres.             Description  of  spectrnm.                     7^-  ^• 

30            Speutrum  transmitted  to 2830  3352 

20                    ,,                    ,,            2875  3477 

10                     ,,                     ,,            2955  3383 

Absorption  band 2955-4050  3383-2468 

Spectnim  transmitted  4050—4170  2468—2397 

8                     ,,                     ,,       to 2980  3355 

Absorption  band 2980—3960  3355—2524 

Spectrnm  transinitted  3960—4245  2524—2355 

6                     ,,                     ,,       to 3010  3321 

Absorption  band 3010-3860  3321-2590 

Spectrnm  transniitted  3860—4310  2590—2319 

4                     ,,                     ,,       to 3070  3256 

Absorption  band 3070—3720  3256—2687 

Spectrnm  transniitted  3720—4400  2687—2272 

3  ,,                     ,,       to 3130  3194 

Absorption  band 3130-3610  3194-2769 

Spectrnm  transniitted  3610—4460  2769—2241 

2-5                  ,,                     ,,       to 3210  3114 

Absorption  band 3210-3515  31 14^2844 

Spectrum  transniitted    3515—4510  2844—2217 

2            Spectrum  weak 3300—3420  3030—2923 

Spectrnm  transniitted  to 4540  2202 

Ethjl  Ethoxijfumarale,  CO.Et-C(OEt):CH-COoEt. 

This  substance  was  very  kindly  supplied  to  us  by  Dr.  Lander, 
and  its  absorption  spectrum  is  of  especial  interest,  as  the  compound 
may  be  regarded  as  a  derivative  of  the  enolic  form  of  ethyl  oxalo- 
acetate.    The  spécimen  boiled  at  135 — 137°  under  11  mm.  pressure. 

0-216  gram  (1  milligram-molecule)  in  100  ce.  of  alcohol. 

Thickness  of 
layer  of  liqnid 

in  millimètres.             Description  of  spectrnm.                    ^j\.  \. 

30            Spectrum  transniitted  to 3260  3067 

20                     .,                     ,,            3290  3039 

10                     „                     .,            3350  2984 

8                    ,,                    ,,            3360  2975 

6                    ,,                    .,            3370  2966 

4  ,,                     .,            3400  2940 

0-216  gram  in  1000  ce. 
Thickness  of 
layer  of  liquid 

in  millimètres.             Description  of  spectrum.                    Va.  A. 

30            Spectrum  transmitted  to 3433  2912 

20                     .,                     ,,            3500  2856 

15                    ,,                    ,,            3550  2816 

10                    „                    „             3645  2742 

8                    ,,                    ,,            3680  2717 

6                    ,,                    „            3720  2687 

4                     .,                     .,            3840  2604 
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Thickness 
layer  of  liq 
in  millimet 
30 

of 
uid 
es. 

Spec 

0-216  gram  in  10,000 
Description  of  spectrum. 

ce. 

Va. 
3900 
4030 
4190 
4235 
4270 
4355 

A. 
2563 

20 

2481 

10 

" 

2386 

8 

" 

2361 

6 

"                      ' 

2â41 

4 

2296 

Ethyl  Acetylsuccinate,  COoEt-CHAc-CHg-COgEt. 

This  substance  was  obtained  from  Kahlbaum  and  on  being  dis- 
tilled  boiled  at  a  constant  température. 


Free  Ester. 

0-216  gram  (1  milligram-molecule)  in  100  ce.  of  alcoliol. 

Thickness  of 
layer  of  liquid 

in  millimètres.             Description  of  spectrum.  \'a.  a. 

30            Spectrum  transmitted  to 3550  2816 

20                     ,,                     ,,            3640  2746 

10                    ,,                    ,,            3740  2673 

8                     ,,                     „            3825  2614 

6                    ,,                    ,,           3940  2537 

5                     ,,                     „            4000  2499 

4                     ,,                     ,,            4030  2481 

2                     ,,                     ,,            4040  2474 

0-216  gram  in  1000  ce 

Thickness  of 

layer  of  liquid 

in  millimètres.             Description  of  spectrum.  V^-  ^• 

15             Spectrum  transmitted  to 4220  2369 

10                     „                     ..            4400  2272 


Ethyl  Acetylsuccinate  in  présence  of  Alkali  Hydroxide. 

0-216  gram  in  100  ce. 
Thickness  of 
layer  of  liquid 
in  millimètres.  Description  of  spectrum. 

30  Spectrum  transmitted  to 

20 

10 


'/A. 

A. 

3140 

3183 

3170 

3153 

3220 

3105 

3240 

3085 

3260 

3067 

3265 

3062 
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0-216  gram  in  1000  C;C. 
T hickness  of 
layer  of  liquid 
n  millimètres.             Description  of  spectrilm.  ^/\.  j^. 

20  Spectrum  transmitted  to 3290  3039 

10  ,,  ,,  3340  2993 

8  ,,  ,,  3355  2980 

Absorption  band 3355—3980  2980—2512 

Spectrum  transmitted  3980—4160  2512—2403 

6  ,,  ,,       to 3365  2971 

Absorption  band 3365—39 1 0  297 1—2557 

Spectrum  transmitted  3910—4235  2557—2361 

4  ,,  ,,       to 3390  2947 

Absorption  band 3390—3900  2947—2563 

Spectrum  transmitted  3900—4300  2563—2324 

2  „  ,,       to 3420  2923 

Absorption  band 3420—3800  2923—263 1 

Spectrum  transmitted  3800—4470  2631—2236 

1-5  ,,  ,,       to 3470  2881 

Absorption  band 3470—3750  2881—2666 

Spectrum  transmitted  3750—4500  2666—2221 

1  Spectrum  weak  3500—3700  2856—2702 

Spectrum  transmitted  to 4530  2207 


i;thyl  DiaceUjlsuccinate,  COgEt-CHAc-CÏÏAc'COoEt. 

This   substance   was  obtained  from   Kahlbaum    in   the    form 
quite  white  and  well-formed  crystals  melting  at  87°. 


of 


Free  Ester. 
0-27  gram  (1  milligram-moleciile)  in  100  ce.  of  alcoliol. 


Thickness  of 
layer  of  liquid 
in  millimètres.  Description  of  spectrum. 

30  Spectrum  transmitted  to 

20 

10 


VA. 
3370 
3405 
3470 
3500 
3533 
3560 


A. 
2966 
2935 
2881 
2856 
2829 
2808 


0-27 


Thickness  of 
layer  of  liquid 
in  millimètres. 

30 

20 

10 


gram 


in  1000  ce. 


Description  of  spectrum. 
Spectrum  transmitted  to 


VA. 
3570 
3590 
3680 
3720 
3770 
3840 


A. 

2801 
2786 
2717 
2687 
2652 
2603 
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Thickness  of 
layer  of  liquid 
in  millimètres. 

30 

20 

10 


0-27  gram  in  10,000  ce. 


Description  of  spectrnm. 
Spectrum  transmitted  to 


Va. 

\. 

3870 

2583 

4030 

2480 

4295 

2328 

4375 

2285 

4490 

2227 

Tliickness  of 
layer  of  liquid 
in  millimètres. 

30 

20 


15 


10 


Ester  in  'prese^ice  of  AlJcali  Hydroxide, 
0-27  gram  in  10,000  ce. 


Description  of  spectrum.                    7^-  ■^• 

Spectrum  transmitted  to 3193  3131 

3270  3057 

Absorption  band 3270-4000  3057-2499 

Spectrum  transmitted  4000—4240  2499—2358 

.,       to 3340  2993 

Absorption  band 3340—3840  2993—2603 

Spectrum  transmitted  3840-4400  2603—2272 

,,       to 3400  2940 

Absorption  band 3400—3800  2940—2631 

Speetnmi  transmitted  3800—4400  2631—2272 

,,       to 3455  2893 

Absorption  band 3455—3740  2893-2673 

Spectrum  transmitted  3740—4490  2673—2227 

Spectrum  weak  3500—3700  2856—2702 

Spectrum  transmitted  to 4520  2212 


EtJtyl  Benzoylsuccinate,  C02Et-CH(COPh)-CH2-CO,Et. 

Tliis  substance  was  obtained  from  Kahlbaum,  and  was  perfectly 
colouvless.  The  absorption  curves  of  the  ester  in  the  free  state 
and  in  the  presenee  of  1,  10,  20,  and  100  équivalents  are  shown  in 
Fig.  2,  curves  1,  2,  3,  4,  5  respectively. 


.1  cetoiiyldcetone. 
01 14  gram  (1  milligram-molecule)  in  100  ce. 


Thickness  of 
layer  of  liquid 
in  millimètres. 
30 

Description 
Spei'trum  transra 

of  spectrnm. 
tted  to 

Va. 

3960' 

4030 

4110 

4150 

4205 

4280 

4360 

A. 
2525 

20 

2480 

10 

" 

2432 

8 

'  ' 

2409 

" 

2377 

" 

2335 

3 

2293 
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Hydroxymetliylenecamflior. 
This  substance  was  kindly  supplied  to  us  by  Dr.  M.  O.  Forster. 
0180  gram  (1  milligTara-molecule)  in  100  ce.  of  alcohol. 


Tliickness  of 

layer  of  liquid 

in  millimètres. 

Description  of  spectrum. 

\/\. 

30 

Spectrum  transmitted  to            .    .. 

3060 

20 

3128 

10 

' 

3335 

8 

3355 

6 

3370 

4 
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0  180  gram  in  1000  ce. 
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Conclusions. 

In  discussing  the  conclusions  which  may  be  drawn  from  thèse 
results  it  must  at  once  be  mentioned  that  they  only  refer  to  the 
conditions  nnder  which  the  substances  exist  in  solutions  of  con- 
centrations varying  from  i\'/100  to  i\'/ 10,000;  whether  the  same 
conditions  exist  with  the  pure  substances  cannot,  of  course,  be  de- 
finitely  concluded  from  our  experiments.  There  is,  however,  no 
reason  why  the  constitution  of  the  pure  substance  should  be  ex- 
pected  to  differ  materially  from  that  in  solution. 

The  following  conclusions  may  be  drawn  : 

1.  In  the  case  of  the  aliphatic  tautomeric  substances,  neither  the 
pure  ketonic  nor  the  pure  euolic  form  gives  an  absorption  band. 

2.  In  solutions  of  the  strengths  dealt  with  by  us  the  pure  ketonic 
form  is  almost  diactinic,  whilst  the  pure  enolic  form  exerts  a 
small  gênerai  absorption. 

3.  When  an  absorption  band  is  given,  it  meaus  that  the  ketonic 
and  enolic  forms  are  coexistent  and  in  dynamic  equilibrium  with 
one  another — that  is  to  say,  a  number  of  the  molécules  are  oscil- 
lating  between  the  two  conditions. 

4.  The  persistence  of  the  absorption  band,  that  is  to  say,  the 
relative  change  of  dilution  or  of  thickness  of  the  solution  during 
which  the  absoi-ption  band  can  be  observed,  is  a  measux-e  of  the 
number  of  molécules  in  the  changing  state. 

4a.  In  order  that  the  absorption  band  may  be  developed  it  is 
probably  necessary  that  a  considérable  number  of  the  molécules 
must  be  in  the  changing  state. 

5.  The  addition  of  alkali  tends  to  increase  the  persistence  of  the 
band,  whilst  the  addition  of  acid  tends  to  decrease  it. 

6.  The  successive  increase  of  alkali  increases  the  persistence  of 
the  band  until  a  maximum  is  reached,  beyond  which  the  further 
addition  of  alkali  does  uot  increase  it. 
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7.  The  absorption  bands  are  given  by  the  aluminium  derivatives 
of  the  tautomeric  substances  as  well  as  by  their  sodium  derivatives  ; 
the  former  compounds  are  soluble  in  alcohol,  and  are  neither  hydro- 
lysed  nor  ionised. 

8.  The  oscillation-frequency  of  the  absorption  band  bears  no 
relation  to  the  mass  of  the  atom  in  the  labile  state. 

9.  The  absorption  band  is  due  to  the  change  of  linking  accom- 
panying  the  change  from  the  one  form  to  the  other,  and  its  forma- 
tion may  be  explained  by  the  modern  physical  conception  of  the 
atom  as  a  System  of  électrons. 

10.  The  labile  atom  may  be  regarded  as  a  potential  ion,  inas- 
much  as  the  bond  of  attraction  or  Faraday  tube  of  force  must  be 
considered  to  be  lengthened  sufficiently  to  allow  of  the  interchange 
of  the  atom  from  the  one  position  to  the  other  within  the  molécule  ; 
the  action  of  alkali  and  acid  may  thus  be  considered  to  hâve  the 
effect  of  lengthening  or  shortening  thèse  tubes  of  force,  thereby 
increasing  or  decreasing  the  number  of  interchanges  taking  place 
in  unit  time. 

11.  This  view  may  be  taken  of  salts  in  solution,  that  the  bonds  of 
attraction  Connecting  the  "ions"  together  are  lengthened  by  the 
solvent.  When  the  length  of  the  Faraday  tubes  is  below  a  certain 
critical  length,  the  sait  is  "  non-ionised."  When  the  average  length 
of  the  tubes  of  force  is  equal  to  or  a  little  less  than  the  critical 
length,  a  few  interchanges  of  ions  between  adjacent  molécules  take 
place,  and  the  sait  is  partially  ionised.  When  the  length  of  the 
Faraday  tubes  is  greater  than  the  critical  value,  then  perfectly  free 
interchange  takes  place  between  the  ions  of  différent  molécules,  and 
the  sait  is  completely  "  ionised." 

Sj'ECTRoscopic  Laborator-ï, 

University  Collège,  London, 


LXXIX. — The  Basic  Propertics  of  Oxygen  ai  Loiv 
Températures.  Additive  Compouyids  of  the 
Tlalogens  with  Organic  Sid)stances  containing 
Oxygen. 

By  Douglas  McIntosh. 

The  formation  and  décomposition  of  chemical  compounds  are  greatly 
influenced  by  température.  Many  compounds  formed  at  low  tempeia- 
tures  are  decomposed  at   higher,   and  décomposition  is   usually  asso- 
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ciated  with  a  change  of  valency  in  one  or  more  of  the  éléments 
formin?  the  compound.  In  the  case  of  the  chlorides  of  phosphorus, 
the  pentachloride  at  a  high  température  is  broken  up,  yielding  the 
trichloride,  and  the  valency  of  the  phosphorus  is  said  to  change  from 
five  to  three.  It  is,  however,  not  necessary  that  a  compound  shovild 
be  decomposed  to  bring  about  a  change  in  valency.  Liquids,  such  as 
acetic  acid  and  water,  polymerise,  and  this  polymérisation  is  lessened 
by  a  rise  in  température.  Hère,  doubtless,  the  valency  of  some 
élément  is  lowered  and  smaller  molécules  resuit. 

An  interesting  case  of  change  in  valency  is  exhibited  by  iodine  ;  as 
the  température  is  raised,  the  molecular  weight  of  the  vapour  becomes 
less,  until  at  1400°  it  equals  127.  At  this  température,  iodine  does 
not  combine  with  the  éléments  with  which  it  unités  at  lower  tempéra- 
tures ;  it  is  inert  and  similar  to  the  éléments  of  the  hélium  group. 
As  the  température  is  lowered,  the  iodine  molécule  changes  from 
I  to  I-I,  from  the  valency  of  0  to  1.  It  is  possible  that  a  similar 
change  may  take  place  in  the  éléments  of  the  hélium  group  if  suffi- 
ciently  low  températures  are  employed,  but  the  experiments  of  Baly 
and  Donnan  (Trans.,  1902,  81,  907)  show  no  polymérisation  in  the 
case  of  liquid  argon. 

It  has  been  pointed  out  (Walker,  Mcintosh,  and  Archibald,  Trans., 
1904,  85,  1098)  that  some  organic  substances  containing  oxygen  unité 
with  the  halogen  hydrides  and  that  definite  conipounds  are  formed. 
Archibald  and  Mcintosh  hâve  shown  (Trans.,  1904,  85,  919)  that 
the  amount  of  acid  uniting  with  one  molécule  increases  as  the  tempéra- 
ture decreases  until  substances  such  as  {CH3).30,5HC1  are  produced, 
and  from  the  great  amount  of  beat  given  out  during  combination  hâve 
inferred  that  the  whole  of  the  hydrogen  chloride  existed  in  the  com- 
pound as  an  integi'al  part  of  the  molécule  and  not  as  "  acid  of  crys- 
tallisation."  If  the  hydrogen  chloride  attaches  itself  to  the  oxygen, 
and  if  the  chlorine  is  regarded  as  a  monad,  the  valency  of  the 
oxygen  must  be  twelve.  But  since  liquefied  hydrogen  chloride,  unlike 
the  corresponding  bromide  and  iodide,  polymerises,  the  chlorine  may 
with  equal  justice  be  viewed  as  a  tervalent,  and  the  oxygen  as  a 
quadrivalent  élément. 

To  test  this  point,  the  compounds  of  methyl  ether  and  alcohol 
with  hydi'ogen  bromide  and  iodide  hâve  been  investigated  {J.  Amer. 
Chem.  Soc,  1905,  27,  26)  in  the  hope  of  obtaining  substances  melting 
at  a  low  température,  in  which  the  oxygen  has  a  valency  greater  than 
six.  The  compounds,  however,  melted  at  a  comparatively  high  tem- 
pérature and  shovved  the  oxygen  to  be  a  tetrad,  and  as  thèse  substances 
were  the  most  likely  for  the  purpose  mentioned  above,  it  seemed 
impossible  that  any  organic  substance  with  the  hydride  of  bromiue  or 
iodine  would  give  compouads  of  the  type  desired. 
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The  ready  solubility  of  chlorine  and  bromine  in  the  alcohols  and 
ethers  of  the  fatty  séries  leads  to  the  conclusion  that  if  compounds 
are  formed  they  will  crystallise  ont  at  a  low  température.  Thèse 
products  might  be  analogous  to  the  hydrates  of  chlorine  and  bromine, 
or  might  be  compounds  in  which  the  halogen  was  attached  to  the 
oxygen  atom,  and  so  a  test  of  the  limiting  valency  of  oxygen  might 
be  made. 

Experiments  hâve  now  been  made  with  typical  substances  of  the  six 
classes  of  the  fatty  séries  containing  carbon,  hydrogen,  and  oxygen,  a^nd 
the  compounds  obtained  are,  I  believe,  new.  Other  additive  compounds 
of  the  same  séries  hâve  been  prepared  at  higher  températures,  and  will 
be  referred  to  in  the  final  table. 


Materials. 

The  alcohols  were  dehydrated  by  quicklime  and  copper  sulphate  ; 
the  ethers  by  sodium  or  by  distillation  over  phosphoric  oxide.  The 
acétone  was  redistilled,  the  acetaldehyde  prepared  from  para- 
acetaldehyde,  and  the  acetic  acid  recrystallised  several  times.  The 
ethyl  acétate  was  cooled  to  -  80°,  and  filtered  from  the  acetic  acid 
and  water  which  solidified  •  it  contained  alcohol,  but  in  too  small  a 
proportion  to  affect  the  analyses  of  the  compounds  obtained.  The 
chlorine,  made  from  hydrochloric  acid  by  means  of  chromic  acid,  was 
passed  through  water  and  a  tube  containing  crystallised  copper 
sulphate  to  remove  the  hydrogen  chloride,  dried  by  phosphoric  oxide, 
and  condensed  by  the  aid  of  solid  carbon  dîoxide  and  ether. 


Préparation  and  Analysis  of  Compounds. 

The  orgacic  liquid  was  cooled  to  -  80°  and  chlorine  added  at  the 
same  température.  The  solution  was  accompanied  by  the  évolution 
of  a  small  amount  of  heat,  due  probably  to  the  formation  of  the  com- 
pound.  la  the  case  of  bromine^,  the  solid  was  used  at  -  80°,  or  the 
liquid  halogen  was  added  slowly  from  a  dropping  funnel.  The 
bromine  dissolved  with  a  slight  development  of  heat,  and  after  some 
few  minutes  a  solid  began  to  crystallise  out. 

The  compounds  exhibit  properties  which  diû'er  greatly  from  the 
analogous  substances  formed  from  the  halogen  hydrides.  Their 
formation  takes  place  with  only  a  slight  évolution  of  heat  ;  they  do 
not  readily  form  supersaturated  solutions,  and  their  séparation  is 
apparently  not  influenced  by  the  présence  of  the  solid  phase.  They 
can  be  obtained  in  long  needles  or  prisms,  are  but  sparingly  soluble 
in  the  organic  substance  from  which  they  are  prepared,  and  hâve 
definite    melting    points  above  which  température  substitution  often 
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begios,  accompanied  by  much  development  of  beat,  and  as  tbe  tempéra- 
ture rises  this  action  goes  on  witb  increasing  accélération. 

A  ntimber  of  experiments  were  made  to  détermine  the  extent  of  tbe 
substitution  in  a  liquid  treated  witb  cblorine  or  bromine  in  tbe  manner 
described  above,  by  destroying  tbe  halogen  and  titrating  tbe  acid  witb 
alkali,  using  pbenolpbthalein  as  indicator.  Tbe  acid  never  amounted 
to  more  tban  0  3  per  cent.  If  substitution  is  allowed  to  occur  to  an 
appréciable  extent,  it  seems  impossible  to  isolate  tbe  compound  in  the 
crystalline  state.  Tbis  peculiarity  in  an  etber-bromine  compound  bas 
been  noticed  by  Scblitzenberger. 

Unless  otberwise  indicated,  eacb  compound  was  wasbed  witb  its 
organic  constituent  and  dried  by  suction  in  a  jacketed  filter  tube  at  a 
température  of  about  -  80°  or,  if  necessary,  -  95°.  In  gênerai,  tbe 
amount  of  balogen  found  will  be  low  on  account  of  tbe  absorption  of 
the  other  constituent,  wbicb  bas  generally  a  low  vapour  pressure. 
Witb  tbe  alcobol-bromine  compound,  we  sball  bave  tbe  alcobol  and 
bromine  in  equilibrium  with  tbe  additive  substance  : 

O0H5HO  +  Br  t:;  CoHjHOBr. 

As  tbe  alcobol  and  tbe  bromine  are  removed,  more  of  tbecompounds 
will  be  decomposed  to  maintain  tbe  equilibrium.  Tbe  amount  of 
alcobol  occluded  can  be  brought  down  to  a  certain  point  dépend  ing  on 
the  relative  vapour  pressures  of  tbe  bromine,  tbe  alcobol,  and  tbe  com- 
pound, but  cannot  be  completely  removed.  In  this  case,  the  vapour 
pressure  of  the  bromine  is  bigher  tban  tbe  alcohol,  and  so  tbe  latter 
will  be  in  excess. 

Tbe  samples  for  analysis  were  removed  from  tbe  filter  at  intervais 
of  about  ten  minutes,  and  wben  brought  into  contact  witb  a  potassium 
iodide  solution  were  instantly  decomposed,  the  liberated  iodine  being 
determined  witb  decinormal  sodium  tbiosulpbate.  AU  analyses  made 
are  recorded. 

Alcohol  Compounds. 

A  crystalline  compound  of  methyl  alcobol  and  cblorine  wasobtained, 
melting  at  -  96°  (cblorine  melts  at  -  102°  and  methyl  alcobol  at 
-  95°).  On  account  of  its  low  melting  point,  tbe  product  was  not 
analysed,  but  its  composition  is  probably  CH^OCl. 

Etbyl  alcohol  gave  a  similar  compound  melting  at  -  88°.  One 
préparation  only  was  analysed,  giving  437  and  44*9  per  cent,  of 
cblorine.     C^H^jOCl  requires  43 -G  per  cent,  cblorine. 

Methyl  alcohol  and  bromine  gave  a  light  red  ci'ystalline  compound, 
melting  at  -  53°.     Three  préparations  were  analysed. 
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No.  of  prépara- 
tion analysed. 
I     


Broniiue  found. 
67  "4  per  cent. 
67-5 

68-7 
69-1 
71-5 
72-3 


No.  of  prépara- 
tion analysed, 
III 


Bromine  found. 
69*7  per  cent, 
69-3 
69-4 
69-7 


CH^0Br2  ^^^  CH^OBr  require  Br  =  83-3  and  Br  =  71-4  per  cent. 
X'espectively.     The  compound,  consequently,  is  CH^OBr. 

Ethyl  alcohol  and  bromine  gave  a  compound  melting  at  -  45°.  The 
analyses  gave  76-5,  78-0,  774,  77-3;  mean  Br  =  77-3  per  cent.; 
CgHgOBr^  requires  Br  =  77'7  per  cent. 

An  attempt  to  reproduce  this  compound  was  made  with  the  following 
results,     The  compound  melted  at  -61°. 


No.  of  prépara- 
tion analysed,  Bromine  found. 

I  57  "3  per  cent. 

57-5 

57-9 

58-2 


Mean 


Mean . 


56-9 
56-7 
59-0 
57-5 
57-5 


No.  of  prépara- 
tion analysed, 
III    


Mean . 


Bromine  found 

.58 '4  per  cent. 

56-8 

57-2 

54'6 

57-3 


or  for  the  three  préparations,  Br  =  57"5  per  cent.,  which  correspondg 
roughly  with  CaïïeOBr. 

It  might  be  thought  that  bromine  was  precipitated  with  the  first 
compound,  and  that  chance  was  responsible  for  the  close  approximation 
to  the  formula  C^HgOBrg,  but  this  could  not  hâve  been  the  case,  since 
the  product  was  washed  several  times  with  alcohol.  Perhaps  CgHgOBr 
and  C2HgOBr.2  may  both  exist,  and  the  température  at  which  the 
phases  are  in  equilibrium  may  be  near  -  80°.  The  proper  tempéra- 
ture might  hâve  been  maintained  during  one  experiment  and  the 
C2HgOBr2  precipitated. 

Uther  Gompounds. 

No  solid  product  could  be  obtained  from  methyl  ether  and  chlorine 
even  at  a  température  of  -  95°.  Since  beat  is  developed  it  seems 
probable  that  a  compound  would  be  obtained  if  the  température  were 
lowered  sufficiently 

With  bromine,  beautif  ul  red  needles,  which  melted  at  -  68°, 
were  precipitated.     The  aïialysis   of  one  préparation  gave  78"4,    79  0^ 
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79-1,  79-3  ;  meanBr  =  78-9  per  cent.,  whilst  the  compound  (CH3)20Bro 
reiiuires  Br  =  77-7  per  cent. 

In  thèse  analyses,  the  amount  of  the  halogen  was  greatex-  than  the 
theoretical,  although  the  substance  was  washed  with  methyl  ether. 
The  explanation  is  simple.  At  -  80°,  the  methyl  ether  has  probably  a 
higher  vapour  pressure  than  the  bromine.  Methyl  ether  was  removed 
by  the  air  until  the  equilibrium  pointwas  reached,  and  so  an  excess  of 
bromine  was  présent. 

Ethyl    ether    and    chlorine    yielded    a 
melting  at  -51°. 


■hite,    crystalline    product 


No.  of  prépara- 
tion analysed.  Chloriue  found. 
I  421  per  cent. 

40-5 

43-7 

42 -1 

Mean 42'1        ,, 

II  44-4 

45-4 

4.3-2 

427 

Mean 43-9 


Ko.  of  prépara- 
tion analysed. 
III    


IV 


Chlorine  found. 
43 '6  per  cent. 
45-7 


45-1 
45-5 


(Préparations  I  and  II  were  washed  with  ether;  III  and  IV  with 
liquefied  chlorine). 

C^H-^qOCI  and  C^H^jjOCl^,  require  32 '4  and  48 '9  per  cent,  of  chlorine 
respectively  ;  hence  the  product  has  the  latter  formula. 

Bromine  and  ether  gave  long,  reddish-yellow  needles,  melting  at 
-  40°. 


No.  of  prépara- 
tion analysed. 


Mean. 


Bromine  found. 
66 '3  per  cent. 


65-9 
67-5 


66-1 


No.  of  prépara- 
tion analysed. 
II   


Mean. 


Bromine  found. 
65 '8  per  cent. 
670 
64-1 
66-7 
65-9 


C^H^oOBrg  contains  68' 4  per  cent,  of  bromine  and  the  compound, 
therefore,  consists  of  one  molécule  of  ether  and  two  atoms  of  bromine. 

Schiitzenberger  [Annalen,  1873,  167,  S6)  described  a  compound  of 
bromine  and  ether,  C^HjoOBi-g,  melting  at  22°  ;  this  substance  was 
easily  prepared  by  following  Schûtzenberger's  directions,  but  it  was 
not  analysed. 
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Acétone  Coiupound. 

A  white,  crystalline  compound,  melting  at  -  53°,  appears  immedi- 
ately  on  mixing  acétone  and  chlorine.     The  analytical  results  were  : 


No.  of  prépara- 
tion analysée!. 

Chlorine  foun.l. 

No.  of  prépara- 
tion analysée!. 

Chlorine  found 

I   

(waslied  with 
acétone) 

.     49-4  per  cent. 
51-4 
52-0 
51-1 

II   

(washed  with 
chlorine) 

55 '5  per  cent. 

55-8 

54-2         „ 
54-5 

Mean. 


Mean . 


CgHgOCl  and  C3H^.pCl2  require  37  "9  and  55-0  per  cent,  of  chlorine 
respectively  ;  the  substance  has  therefore  the  latter  formula. 

Brominegave  a  light  yellow  compound,  which,  on  account  of  its  high 
melting  point  (  -  1 2°),  could  be  easily  dried. 


No.  of  prépara- 
tion anal3'sed. 
I   


Mean. 


Broniine  found 
67 '4  per  cent. 
66-2 
70-5 
71-1 
68-8 


No.  of  prépara- 
tion analysed. 
II   


Mean . 


Broniine  found. 

68 '5  per  cent. 

67-2 

64-7 

68-9 

67-3 


A  compound  consisting  of  one  molécule  of  acétone  and  two  atoms  of 
bromine  would  contain  73 '4  per  cent,  of  bromine,  whilst  one  composed 
of  two  molécules  of  acétone  and  three  atoms  of  bromine  require 
Br  =  67"4  per  cent.  It  was  inferred,  from  the  above  analyses,  that  the 
product  was  (C3HgO)oBr3.  But  this  compound,  although  apparently 
pei-fectly  dry,  occluded  a  large  amount  of  acétone.  Taking  advantage 
of  some  very  cold  weather,  the  product  was  dried  and  weighed  out 
of  doors. 

Analysis  of  two  spécimens  gave  the  following  results  : 


No.  of 
préparation  analysed. 

III 

IV 


Broniine  found. 
68  6,  69-7  per  cent. 


(Préparation  III  was  dried  by  suction  ;  préparation  IV  by  pressing 
between  layers  of  filter  paper). 

The  formula  is,  therefore,  CgHgOBrg. 
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Ethyl  Acétate  Compounds. 

With  ethyl  acétate  and  chlorine,  a  compound  melting  at 
obtained. 


64°  was 


No.  of  prépara- 
tion analysed. 

Cliloiine  fouud. 

Xo.  of  prépara- 
tion analysed. 

Chlorine  foiind 

I  

(washed  witli 
ethyl  acétate) 

51  "4  per  cent. 

50-9 

51-8 

52-7 

II   

(washed  with 
chlorine) 

55  7  per  cent. 
55-3 

54-8 
54-4 

Mean 


51-7 


Mean. 


Thi.s  compound  is  therefore  CHg'CO^'CgHjiClg,  which  contains  54-7 
per  cent,  of  chlorine. 

With  bromine,  a  red  compound,  melting  at  -  39°,  is  easily  pre- 
pared.  The  analytical  results  for  one  préparation  were  70"5,  71 '6, 
69"5,  70"2  ;  mean  Br  =  70'5  per  cent.,  whilst  compounds  consisting  of 
one  molécule  of  ethyl  acétate  to  two  atoms  of  bromine  and  one  of 
ethyl  acétate  to  thi-ee  atoms  of  bromine  require  64*5  and  73'2  per 
cent,  respectively.     The  formula  is,  therefore,  CHg'CO.^'CgH-Brg. 


Comjwunds  ivith  Aldéhydes. 

Acetaldehyde  shows  évidence  of  forming  compounds  with  the 
halogens,  a  small  amount  of  beat  being  evolved  in  the  addition,  which 
is  similar,  apparently,  to  those  reactions  previously  mentioned.  But 
thèse  compounds  are  soon  broken  up,  and  para-  and  meta-acetaldehydes 
are  produced  with  a  very  great  beat  évolution.  This  "  catalytic  " 
change  is  brought  about  with  very  great  rapidity  by  means  of  the 
smallest  quantity  of  iodine  ;  the  reaction  is  slower  with  bromine,  and 
very  much  slower  with  chlorine.  The  chlorine  compound,  which  was 
probably  very  impure,  melted  at  —  11°.  It  was  washed  with  liquid 
chlorine  and  seemed  dry  when  taken  for  analysis.  The  results  were 
31  1  and  30  4  per  cent,  chlorine.  (CH3'CH0)2,C1  and  (CH3-CHO)3C]2 
require  28-7  and  35-0  percent,  of  chlorine  respectively. 

When  left  in  the  filter  tube  for  twenty  minutes,  the  percentage  of 
chlorine  fell  to  27,  and  after  an  hour  to  3.  The  dry  cold  air  had 
removed  nearly  ail  the  chlorine,  and  impure  para-acetaldehyde, 
melting  at  6°,  remained. 

With  a  second  préparation,  three  analyses  gave  32' 1,  30*2,  and  32 '4 
per  cent,  of  chlorine.  The  halogen  was  completely  removed  after 
passing  dry  air  over  the  substance  for  an  hour. 
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Coinpounds  with  Acetic  Acid. 

This  acid,  melting  at  16°,  is  only  slightly  soluble  in  bromine  or 
chlorine.  Solutions  were  made  in  varions  solvents,  such  as  alcohol, 
and  the  halogen  was  added  to  thèse  mixtures.  A  compound  was 
undoubtedly  formed  in  both  cases,  but  was  contaminated  with  acetic 
acid.  The  analyses  indicated,  in  gênerai,  ratios  varying  between  two 
and  three  molécules  o£  the  acid  to  one  atom  of  the  halogen — results 
which  may  be  far  from  the  truth. 

In  the  following  table  are  placed  the  results  of  the  experiments 
described  above,  together  with  the  formula?  of  the  additive  halogen 
compounds  described  by  others,  and  the  approximate  températures  at 
which  thèse  substances  melt.  No  gênerai  rule  can  be  given  for  the 
influence  of  température  on  the  amount  of  the  halogen  added. 
Chlorine  and  bromine  unité  in  the  same  proportion  with  the  organic 
compounds,  and  the  oxygen  atoms  retain  the  power  of  taking  up  the 
same  number  of  halogen  atoms  over  a  wide  range  of  température. 
Hydroxylic  oxygen  unités  with  one  atom  of  a  halogen  ;  ketonic  and 
ethereal  oxygen  with  two.  No  doubt  a  large  number  of  compounds 
belonging  to  thèse  séries  could  be  produced  at  other  températures. 

Collected   Results. 


Compouud. 

*(HaO)8CU    

tCH^OhoBi-a 

CH4OCI  (0 

M.  p. 

8° 

6 

-96 

Compound. 
CgHgOCla            .    ... 

M.  p. 
-53° 

CHcOBro 

-12 

CH3-C02-C2H5,Cl3 

CH3-CO,-C2H5,Br3    ... 
iy(CH3-C02-C2H5),,Br3... 
Il   CH3-C02-CoH5,Bi-o    ... 

(CH3-CHO);C1.3  (?)    ... 

§  (C2H,02Br)2,HBr  

§  (CsH^OBiUHCl    

-64 

CoHfiOCl     

-88 

-39 

CH^OBr  

CgHeOBr 

(CH3).20Br., 

-55 

-61 

-68 

-11 

C.HioOCla  

C^HioOBr,  

îC4HioOBr,  

-51 

-40 

+22 

8 
8 

*  Roozeboom,  Rec.  Trav.  ehim.,  1884,  3,  59  ;  1885,  4,  69, 
t  Ibid.,  1884,  3,  73  ;  1885,  4,  71. 
X  Schlitzenberger,  Annalcn,  1873,  167,  86. 

H  and  II  Distillâtes  of  constant  compositions.     Schiitzenberger,  Bcr.,  1873,  6,  71  ; 
Kraft,  Annalen,  1864,  129,  50. 

§  Hell  and  Miililhausen,  Ber.,  1878,  11,  244  ;  Steiner,  ibid.,  1874,  7,  184. 


Although  the  constitutions  of  compounds  are,  in  gênerai,  only  of 
value  in  so  far  as  they  are  determined  through  chemical  reactions,  it 
seems  worth  while  to  endeavour  to  fix  the  probable  constitutions  of 
some  of  the  typical  compounds  described  above,  and  whilst  it  may  be 
argued  that  thèse  substances  are  "  molecular  compounds  "  and  do  not 
differ  fi-om  salts  with  water  or  alcohol  of  crystallisation,  they  are,  at 
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least,  less  complex.  Some  of  the  liquids  iised  in  forming  the 
compounds  are  highly  associated,  as,  for  example,  the  alcobols,  whilst 
others,  such  as  the  ethers,  consist  of  simple  molécules.  The  additive 
compounds  are  formed  from  members  of  thèse  two  classes  with 
equal  readiness  and  the  association  of  the  constituents  does  not  affecfc 
the  constitutions. 

In  the  classes  of  substances  studied,  oxygen  is,  under  certain 
conditions,  quadrivalent  at  low  températures,  and  the  halogens  are 
probably  tervalent  éléments.  From  the  foregoing  formulée,  it  seems 
impossible  to  give  to  oxygen  a  higher  valency  than  four,  and  in  the 
constitutions  of  the  compounds  described  above  one  may  regard  oxygen 
and  bromine  *  as  having  valencies  of  four  and  three  respectively. 

The  dibromine-ether  compound    may  hâve    the    graphical    formula 

C^H^qO^ti  ,,  but  with  the  tribromine  compound,  in  order  that  ail 

the  linkings  may  be  satisfied,  it  is  necessary  to  double  the  formula. 
If  this  is  done  in  both  cases,  the  constitution  for  the  dibromine- 
ether  will  be  C^H^oO!Br*BrIBr*Br!OO^H,Q,  and  similarly  with  the 
tribromine  compound. 

If  the  second  constitution  is  correct,  it  is  probable  that  the  sub- 
stance will  not  be  ionised,  for  there  is  no  place  where  the  molécule 
can  dissociate  and  yield  ions.  The  molecular  conductivity  in  a 
3/iV-solution  was  only  0"002,  but  perhaps  better  conduction  could 
not  be  expected  in  a  non-ionising  médium  such  as  ether. 

The  alcohol-bromine  compound  probably  has  the  constitution 
CH^OIBr-BrlBr'BrlOCH^,  and  hère,  too,  we  could  not  expect 
ionisation.  Its  solution  gave  a  molecular  conductivity  of  0'006, 
which  might  easily  be  accounted  for  by  the  formation  of  small 
amounts  of  hydrogen  bromide. 

The  formula  of  the  ketone  compound  must  be  doubled  and  we  shall 
hâve  for  the  bromine-ketone  derivative,  CgH^OlBr'BrlBr'BrlOCgHg. 

Liquid  ethyl  acétate  is,  according  to  Eamsay  and  Shields,  an 
unassociated  substance,  and  we  may  regard  it  as  containing  a 
hydroxyl  and  a  ketonic  oxygen  atom.  If  thèse  atoms  are,  as 
regards  their  powers  of  forming  additive  compounds,  independent, 
we  shall  expect  ethyl  acétate  to  take  up  three  atoms  of  bromine 
or  chlorine,  since  the  hydroxylic  oxygen  atom  takes  up  one  halogen 
atom,  and  the  ketonic  oxygen  two.     This  we  lind  to  be  the  case. 

The  constitution  might  then  be  expressed  by  doubling  the 
formula,  and  having  a  single  linking  between  the  two  bromine 
atoms  attached  to  the  hydroxylic  oxygen  atoms. 

Organic  chemistry  has  for  many  years  been  mainly  the  chemistry 

*  Aston  and  Rainsay  (Trans.,  1904,  65,  167)  show  that  lifiuid  bromine  is  Bij, 
but  it  is  impossible  to  say  whether  the  liukiug  iu  tlie  molécule  is  single  ov  triple. 
VOL.    LXXXVII.  3    II 
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of  substitution  brought  about  generally  by  high  températures. 
Another  side  of  organic  chemistry — not  without  interest — is  the 
study  of  additive  products  which  are  formed  at  low  températures. 
A  few  of  thèse  compounds  hâve  been  described,  but  many  more 
may  exist,  the  study  of  which  might  help  to  solve  some  of  the 
problems  of  organic  *  and  inorganic  chemistry. 

In  conclusion,  I  wish  to  express  my  thanks  to  Dr.  B.  J.  Harrington 
and  to  Dr.  J.  W.  Walker  for  advice  and  interest  shown  during  the 
progress  of  this  research. 

Macdonald  Chemistry  Building, 

McGiLL  University,  Montréal. 


LXXX. — The    Constitution    of  Pitocarjyine.      Part     V. 
Conversion  of  i^oPilocarpine  into  Pilocarpine. 
By  HooPER  Albert  Dickinson  Jowett. 
Although  the  constitutional  foi-mula  of  isopilocarpine, 

C,H5-ÇH-ÇH-CÏÏ2-C-N(CH3) 

CO  CH.      HC N^      ' 

\/ 
O 

may  be  considered  to  be  established,  the  relation  between  the  two 
isomeric  alkaloids,  pilocarpine  and  z'sopilocarpine,  cannot  be  regarded 
as  settled.  In  a  préviens  communication  (Trans.,  1903,  83,  438)^  this 
question  xvas  discussed,  and  it  was  shown  that  the  évidence  on  the 
whole  favoured  the  view  that  the  alkaloids  were  stereoisomerides. 
The  chief  arguments  in  faveur  of  this  view  are  (1)  the  great  similarity 
both  in  chemical  properties  and  physiological  action  existing  between 
the  alkaloids  ;  (2)  the  ease  of  conversion  of  pilocarpine  into  î'sopilo- 
carpine  ;  (3)  the  fact  that  the  absorption  spectra  of  the  nitrates  of  the 
two  alkaloids  are  absolutely  identical  ;  and  (4)  that  it  is  difficult  to 
account  for  the  isomerism  on  structural  grounds.  On  the  other  hand, 
the  arguments  against  stereoisomerism  and  in  faveur  of  structural 
isomerism  were  (1)  the  différence  in  behaviour  of  the  alkaloids  towards 
bromine  and  water  at  100°  under  pressure,  when,  in  the  case  of  pilocar- 
pine, bromocarpinic  acid,  CjoH^^O^NoBr,  was  produced,  whilst  with 
tsopilocarpine  dibromoisopilocarpinic  acid,  C^^H^^O^NgBrg,  was  formed  ; 

*  See  Nef,  J.  Amer.  Chcm.  Soc,  1904,  26,  1549 
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and  (2)  the  différence  in  their  beliaviour  towards  chromic  acid,  pilocar- 
pine  yielding  pilocarpoic  acid,  CjiIIjgO^N.^,  whilst  in  the  case  of 
îsopilocarpine  no  definite  product  could  be  isolated. 

With  regard  to  the  first  argument,  it  was  pointed  out  that  the  apparent 
différence  in  the  action  of  bromine  might  be  accounted  for  by  assuming 
that  a  similar  reaction  occurred  in  each  case,  but  that  the  isomeric  pro- 
ducts  differed  in  their  facility  of  crystalHsing  ;  in  each  case  the  yield  of 
crystalline  acid  is  small,  thus  proving  that  the  substance  isolated  does 
not  represent  the  whole  product  of  the  reaction,  and  furthermore  the 
alkaloids  are  known  to  yield  isomeric  substances  differing  in  their 
ability  to  crystallise,  for  example,  pilocarpine  methiodide  is  amorphous, 
whilst  wopilocarpine  methiodide  is  crystalline.  Thus  it  is  possible 
that  bromocarpinic  acid  is  crystalline,  Avhilst  bi-omoisocarpinic  acid  is 
amorphous,  and  dibromopilocarpinic  acid  amorphous,  whilst  the  corre- 
sponding  isomeride  is  crystalline. 

With  respect  to  the  second  argument,  it  was  showu  (loc.  cil.)  that 
the  reaction  of  pilocarpine  with  chromic  acid  had  not  been  sufficiently 
studied  to  admit  of  any  déduction  being  made  in  favour  of  either 
theory.  In  the  meantime,  the  action  of  chromic  acid  on  pilocarpine 
and  the  properties  of  the  two  bromo-acids  above  mentioned  hâve  been 
further  studied  by  Pinner  {Ber.,  1905,  38,  1510).  He,  however,  is  of 
opinion  that  the  isomerism  is  not  due  solely  to  stereochemical  causes, 
but  that  the  alkaloids  are  structural  isomerides,  and  that  this  isomerism 
dépends  on  the  point  of  attachment  of  the  pilopic  complex,  C^Hj^O^, 
to  the  glyoxaline  ring.  But  as  I  havej  previously  pointed  out,  there 
are  several  objections  to  this  explanation. 

The  three  possible  formulœ  are  : 

HC N>^^  •  C,H,,0,-C N>^^  • 

I.  IL 

III. 

If  I  be  accepted  as  the  constitutional  formula  for  /sopilocarpine^ 
then  pilocarpine  must  be  represented  by  formula  II  or  III.  But  II  is 
so  similar  to  I  that  it  would  not  explain  the  apparent  différence  in  the 
behaviour  of  the  alkaloids  towards  bromine  or  chromic  acid,  whilst  III 
is,  as  Pinner  admits,  improbable,  for  it  is  difficult  to  conceive  liow  the 
group  C-H,^02  could  pass  from  the  carbon  atom  to  the  other  as 
required  in  formula  I. 

Furthermore,  if  such  a  change  took  place  in  the  case  of  the  grouping 
such  as  Ç^^jH^^O^,  one  would  expect  it  to  occur  with  greater  facility 

3  H  2 
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when  this  complex  is  replacée!  by  a  simpler  group  such  as  CHg.  But 
the  three  glyoxalines  of  the  following  formulie  are  known  : 

CH3-C-N(CH3)  .        HC-N(CH3)  ,    HC-N(CH3) 

HC K>^^  •  CH3.C N>^^  •    HC N>^  ^^^' 

and  in  the  course  of  their  préparation  hâve  been  distilled  at  a  some- 
what  high  température  (above  200°).  Therefore  no  such  change 
occurs  with  thèse  simple  glyoxalines,  and  it  is  unlikely  that  a  group 
such  as  C^HjjOg  would  migrate  when  the  simple  CH3  group  shows  no 
such  tendency. 

Pinner's  récent  work  also  alïords  an  explanation  of  the  apparent 
différence  in  the  reaction  of  the  alkaloids  with  chromic  acid.  He  has 
shown  that  pilocarpoic  acid  can  be  converted  into  the  isomeric  iso- 
pilocarpoic  acid  by  means  exactly  analogous  to  those  employed  for 
converting  pilocarpine  into  zsopilocarpine,  and  there  is  little  doubt  that 
the  same  relation  exists  between  the  isomeric  acids  as  between  the 
alkaloids.  The  failure  to  isolate  the  îsopilocarpoic  acid  from  the  reaction 
of  «sopilocarpine  Avith  chromic  acid  would  therefore  appear  to  be  due 
solely  to  expérimental  difficulties. 

Pinner's  chief  argument  against  stereoisomerism  is  open  to  serions 
objection.  He  states,  **  The  conversion  of  pilocarpine  and  its  deriv- 
atives  into  the  tso-form  cannot  be  simply  a  stereochemical  reai'range- 
ment,  but  must  consist  in  a  change  in  the  arrangement  of  the  atoms 
to  each  other.     For  stereochemical  isomerism  is  only  possible  in  the 

complex     ^    ■''  r,  ^  Att        ^  •     -^s  a  matter  of  fact,  one  always  obtains 


O 

isomeric  compounds  from  pilocarpine  and  isopilocarpine  so  long  as  the 

glyoxaline  ring  remains  intact.     As  soon  as  compounds  are  formed  in 

which  this  group  no  longer  exists,  it  is  immaterial  whether  pilocarpine 

or  isopilocarpine  is  selected  as  the  initial  material.     Consequently  the 

•  .  •     .1  1      CoHc'ÇH'ÇH'CHo*  ,    ,         ,  , 

isomex'ism  cannot  exist  in  the  complex     ''        1       1  ''j  but  must  be 

CL)       L/Xlq 


in  the  glyoxaline  ring,      M  ^^CH. 

Pinner's  argument,  therefore,  is  that  if  the  isomerism  is  in  the 
C-HjjOg  complex  one  ought  to  obtain  isomeric  homopilopic  and  pilopic 
acids  corresponding  to  pilocarpine  and  isopilocarpine.  Whereas  both 
alkaloids  yield  on  oxidation  the  same  homopilopic  acid.  But  this  fact 
is  readily  explained  when  it  is  considered  that  the  homopilopic  or 
pilopic  acid  is  formed  in  the  présence  of  alkali,  and  is  purified  by  the 
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distillation  of  its  ester,  botli  of  wliich  conditions  would  ensure  con- 
version into  the  ùo-îovm. 

The  only  valid  argument  against  stereoisomerism  and  in  favour  of 
structural  isomerism  seems  to  be  the  apparent  différence  in  the 
behaviour  of  the  alkaloids  towards  bromine  at  100°,  but  the  explana- 
tion  offered  for  this  appears  to  be  satisfactory.  However,  more 
expérimental  évidence  on  this  point  is  désirable,  and  the  investigation 
of  the  action  of  bromine  under  similar  conditions  on  the  différent  di- 
methylglyoxalines  should  throw  some  light  on  the  subject,  and  this 
inquiry  is  already  in  hand, 

There  seemed  to  be  one  experiment  which  would  ahnost  settle  the 
question  of  the  nature  cf  the  isomerism.  If  the  alkaloids  are  stereo- 
isomerides,  then  the  conversion  of  pilocai^pine  into  îsopilocarpine  should 
not  be  complète,  but  a  state  of  equilibrium  should  resuit.  By  acting 
on  isopilocarpine  under  the  conditions  which  couvert  pilocarpine  into 
wopilocarpine,  for  example,  heating  with  alkali,  the  same  state  of 
equilibrium  should  be  formed,  and  it  should  then  be  possible  to  isolate 
some  pilocai'pine  from  this  mixture. 

If,  on  the  other  hand,  the  alkaloids  are  structural  isomerides,  this 
reverse  change  should  not  be  possible.  For  it  must  be  assumed  that 
one  isomeride,  namely,  isopilocarpine,  is  the  more  stable  under  the 
conditions  of  experiment,  and,  as  no  possibility  seems  to  exist  for 
tautomerism,  then  this  more  stable  isomeride  could  not  pass  into  a 
less  stable  one  by  the  reagent  wiiich  bas  already  produced  the  more 
stable  isomeride. 

This  experiment  would  therefore  appear  to  definitely  settle  the 
question,  for  if  î'sopilocarpine  could  not  be  converted  by  alkali  into 
pilocarpine  then  the  isomerism  cannot  be  solely  stereochemical,  but  if 
this  conversion  does  take  place,  then  structural  isomerism  is  extremely 
improbable,  and  the  isomerism  must  be  due  to  the  racemisation  of  the 
asymmetric  carbon  atom  adjacent  to  the  carboxyl  group.  The  relation 
between  the  alkaloids  raight  thus  be  represented  as  follows  : 

I        I                II  ^CH    : 

CO  CH.,       HC N 


Y 


Pilocarpine. 


CoH,-C'H-C'H-CHo-C-N(CH3l 

I                   "I  >CII. 

CO  CH.,      HC N^ 


0 

j'sûPilocarpine, 
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A  quantity  of  pure  tsopilocarpine  nitrate  (m.  p.  159°;  [a]o  +  35  7°) 
was  recrystallised  from  alcohol,  and  tlie  motlier  liquors  evaporated  to 
a  small  bulk,  The  crystals  which  separated  from  the  mother  liquor 
melted  at  159°,  tlius  proving  the  homogeneity  of  the  sait. 

Fifty  grams  of  the  nitrate  first  mentioned  were  converted  into  the 
base,  dissolved  in  alcohol,  30  grams  of  potassivim  hydroxide  in 
alcoholic  sohition  added,  and  the  whole  heated  on  a  water-bath  in  a 
reflux  apparatus  for  3  hours.  The  base  was  regenerated  and  converted 
into  the  nitrate,  which  was  then  fractionally  crystallised.  The  first 
fraction  (40  grams)  melted  at  159°,  and  had  [a]o  +  36-2°.  It  was 
therefore  pure  zsopilocarpine  nitrate. 

From  the  mother  liquors,  two  cropsof  crystals  were  obtained,  both 
of  which  melted  at  144°  and  had  [a]D  +  58-7°.  As  the  melting  point 
of  thèse  two  crops  of  crystals  was  not  altered  by  recrystallisation,  they 
were  converted  into  the  hydrochloride  and  then  crystallised  from 
absolute  alcohol.  After  three  recrystallisations,  a  product  was  obtained 
melting  at  201°,  and  a  détermination  of  its  spécifie  rotation  in  water 
gave  ao  +  1°44' ;  ^  =  2dcm.  ;  c  =  0-9336;  [a]D  +  92-8°. 

Pilocarpine  hydrochloride  melts  at  204°  and  has  [a]D  +  91"7°. 

In  order  to  finally  prove  the  identity  of  this  substance  with  pilocarpine, 
the  hydrochloride  was  converted  into  the  nitx'ate.  The  nitrate  melted 
at  177 — 178°,  and  the  melting  point  was  unchanged  when  mixed  with 
an  equal  quantity  of  pilocarpine  nitrate. 

The  first  fraction  obtained  in  the  experiment  was  recrystallised, 
and  then  treated  in  the  same  manner  with  alcoholic  potash,  and  a 
small  quantity  of  pilocarpine  nitrate  (m.  p.  176°)  isolated  from  the 
resulting  product. 

It  was  therefore  absolutely  proved  that  pure  isopilocarpine  nitrate, 
like  pilocarpine  nitrate,  is  converted  by  the  action  of  alcoholic  potash 
into  an  equilibrium  mixture  consisting  chiefly  of  tsopilocarpine  with  a 
small  percentage  of  pilocarpine.  This  experiment  therefore  affords 
further  évidence  that  pilocarpine  and  îsopilocarpine  are  not  structural 
isomerides  but  stereoisomerides. 

The  Wellcome  Chemical  Research  Laboratokies, 
london,  e.c, 
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LXKKl.—The    Chhrination  of  Methijl   Derivatives    of 
Pyrkline.     Part  I,     2-MethylpyricUiie. 

By  William  James  Sell,  M.A.,  F.R.S. 

Few  changes  among  analogues  show  a  greater  différence  and  exemplify 
better  the  influence  of  the  nitrogen  atom  than  the  direct  action  of 
chlorine  on  benzène  and  tohiene  as  contrasted  with  its  effect  on  pyridine 
and  picoline.  In  the  former  séries,  as  is  well  known,  no  great 
difficultyis  experienced  in  obtaining  fairly  regular  chlorination  and  good 
yields,  whilst  in  the  latter  the  molécule  for  the  most  part  breaks  down 
and  the  products  form  a  tar-like  mass,  from  which  mère  traces  of  a 
mixture  of  chlorinated  derivatives  can  be  isolated.  Moreover,  2-methyl- 
pyridine,  unlike  pyridine,  blackens  at  once  when  heated  with  phosphorus 
pentachloride  either  with  or  without  phosphorus  oxychloride,  and 
further  experiments  with  this  reagent  were  abandoned. 

In  thèse  circumstances,  recourse  was  had  to  the  process  found  success- 
ful  in  the  case  of  pyridine  (Trans.,  1899,  75,  979),  namely,  the  direct 
chlorination  of  2-methylpyridine  hydrochloride  saturated  with  hydro- 
chloric  acid,  the  product  thus  formed  remaining  liquid  at  the  ordinary 
tempera ture  of  the  laboratory.  According  to  Ramsay  [Phil.  Mag., 
1876,  II,  [iv],  2),  "picoline  hydrochloride  is  not  acted  on  by  chlorine 
even  when  heated  with  it,"  but  whilst  this  statement  was  found  to  be 
true  at  the  ordinary  température,  it  ceases  to  be  so  as  the  tempei-ature 
rises,  and  at  105 — 110°  the  hydrogen  is  rapidly  replaced  without 
darkening  and  substitution  derivatives  are  readily  produced.  How  far 
this  différence  is  due  to  the  fact  that  in  the  work  hère  recorded  the 
2-methylpyridine  hydrochloride  was  saturated  with  hydrochloric  acid 
remains  to  be  seen, 

It  is  hoped  that  conditions  may  be  found  under  which  the  hydrogen 
of  the  side-chain  and  nucleus  may  be  separately  replaced,  but  so  far  the 
experiments  hâve  in  the  main  been  confined  to  the  study  of  a  more 
complète  displacement  in  which  both  the  hydrogen  of  the  methyl 
group  and  the  nucleus  has  been  involved.  So  far,  the  only  solid 
substance  isolated  as  the  resuit  of  the  chlorination  is  hexachloropicoline, 
melting  at  102 — 103°,  the  composition  of  which  is  represented  by  the 
formula  CgHClgN.  This  compound  readily  yields  successively  trichloro- 
picolinic  acid  and  trichloropyridine.  The  hexachloropicoline  is  isomeric 
with  the  substance  (m,  p.  60°)  obtained  by  Ost  [J.  pr.  Ch^m.,  1893,  [ii], 
27,  257)  by  the  action  of  phosphorus  pentachloride  on  comenamic  acid. 
In  addition  to  the  foregoing  compound,  there  is  a  liquid  product  consist- 
ing  of  les3  highly  chlorinated  compounds,  the  work  on  which,  although 
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advauced,  is  still  incomplète  and  will  form  the  subject  of  a  further 
communication. 

It  is  worthy  of  remark  that  there  is  a  total  absence  of  the  dipyridyl 
derivative,  of  wliich  such  a  large  quantity  was  produced  in  the  chlorina- 
tion  of  pyridine  hydrochloride  (Trans.,  1899,  75,  979  ;  1901,  79,  899). 
This,  of  course,  was  expected,  seeing  that  the  2-position — to  which  the 
second  pyridine  nucleus  is  attached — is  in  this  instance  occiipied  bythe 
methyl  group.  The  solid  compoiind  (m.  p.  102 — 103°)  already  mentioned, 
when  gently  heated  with  approximately  eighty  per  cent,  sulphuric 
acid,  gives  a  nearly  quantitative  yield  of  trichloropicolinic  acid, 
Cj;HNCl3*C02H,  showing  that  three  of  the  six  atoms  of  chlorine  in  the 
original  compound  belong  to  the  side-chain.  This  trichloropicolinic 
acid,  when  distilled  with  glycerol,  breaks  down  giving  a  quantitative 
yield  of  a  trichloropyridine  (m.  p.  72 — 73°)  identical  with  the  compound 
erroneously  described  by  Keiser  {Ajner.  Chem.  J.,  1886,  8,  310)  as  the 
hydrochloride  of  a  dichloro pyridine  and  subsequently  proved  l)y  Sell 
and  Dootson  (Trans.,  1898,  73,  442)  to  be  a  trichloropyridine.  This 
substance  is  produced,  not  only  by  the  direct  chlorination  of  pyridine, 
but  also  by  the  action  of  phosphorus  pentachloride  on  that  substance 
(Sell  and  Dootson,  Trans.,  1898,  73,  437).  From  the  gênerai  pro- 
perties  and  particularly  the  highly  basic  character  of  this  trichloro- 
pyridine, it  was  suspected  that  the  chlorine  atoms  occupied  the  positions 
3,  4,  and  5,  and  the  expérimental  veriiication  of  this  assumptioii  should 
be  possible  when  based  on  the  following  considérations. 

We  may  take  for  comparison  the  substance  3  :  4  :  5-trichloro-2-amino- 
pyridine,  the  formula  of  which  may  be  thus  depicted  : 

Cl 


CV    ^Cl 

H\/NH,' 

N 

This  compound,  the  préparation  and  orientation  of  which  were  described 
by  Sell  and  Dootson  (Trans.,  1899,  75,  980  ;  1900,77,  771),  should  also 
be  obtainable  from  the  trichloropicolinic  acid  mentioned  above  by  con- 
verting  it  into  its  amide,  and  the  latter  by  the  Hofmann  reaction  into 
the  foregoing  3  : 4  :  5-trichloro-2-aminopyridine.  The  reactions  were 
carried  ont  and  resulted  in  a  substance  indistinguishable  from,  and 
therefore  identical  with,  the  compound  having  the  above  graphie 
formula.  It  may  therefore  be  definitely  concluded  that  in  the  com- 
pounds  hère  described  the  chlorine  atoms  in  the  nucleus  occupy  the 
positions  3,  4,  and  5,  and  that  in  compound  I  the  hydrogen  of  the  methyl 
group  ib  entirely  replaced  by  chlorine  : 
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Cl  Cl  Cl 


cv  \ci  Cl/  \ci  cv  \ci 

H\/CC1,  ~^     H\/CO..H  H\/H 
N        "                      N        "  N 

I.  II.  III. 


Expérimental. 

The  2-metliylpyridiue  used  in  tliis  work  was  in  tlie  main  obtained 
from  Schuchardt,  and  was  subsequently  carefully  purified  by  means  of 
its  mercurichloride,  a  process  involving  much  time  and  labour.  The 
base  was  recovered  from  the  double  sait  (m.  p.  154°)  by  caustic  soda, 
aud  fractionated  after  drying  over  caustic  potash.  Another  spécimen 
of  the  base  was  purchased  from  Kahlbaum. 

The  hydrochloride  was  made  by  saturating  the  2-methylpyridine 
with  hydrogen  chloride,  in  which  process  it  absorbs  nearly  double  the 
theoretical  amount  of  the  gas  and  gives  an  oily  liquid  with  no 
tendency  to  crystallise  at  the  ordinary  température  of  the  laboratory. 

After  preliminary  trials  of  small  quantities  of  the  hydrochloride 
under  various  conditions,  it  was  found  that  chlorine  had  no  action  at 
the  ordinary  température  either  in  the  dark  or  in  bright  sunshine,  or 
even  in  présence  of  such  chlorine  carriers  as  iodine  or  ferrie  chloride. 
When,  however,  the  température  of  the  hydrochloride  was  raised  to 
100°,  fumes  of  hydrogen  chloride  were  abundantly  formed,  and  the 
flask  containing  the  substance  rapidly  increased  in  weight.  In  the 
early  stages  of  the  work,  several  portions  were  chlorinated  at  100°,  but 
it  was  subsequently  found  that  at  105 — 110^  the  absorption  of  chlorine 
was  still  more  rapid,  and  the  later  experiments  were  carried  out  at  this 
température. 

As  the  chlorination  proceeded,  as  in  the  similar  work  with  pyridiue 
hydrochloride,  a  heavy  layer  was  formed  in  the  liquid  which  increased 
in  quantity  until  finally  the  upper  layer  disappeared  and  no  increase 
in  weight  occurred.  During  the  chlorination,  the  tube  conveying  the 
chlorine  was  kept  as  much  as  possible  in  the  upper  layer.  The  product 
was  cooled  by  ice  and  a  slow  current  of  air  aspirated  through  for 
several  hours  to  remove  free  chlorine,  during  which  opération  a  copions 
white,  crystalline  deposit  separated.  This  was  filtered  olî,  and  after 
thorough  draining  from  the  liquid  product  crystallised  from  alcohol. 
The  crystals  are  prismatic  in  form,  and  dissolve  in  alcohol  and  most 
organic  solvents  but  are  insoluble  in  water.  The  substance  melts  at 
102 — 103^  without  décomposition.  The  average  yield  of  the  re- 
crystallised  substance  was  over  52  per  cent,  of  the  2-methylpyridine 
taken. 
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0-2500  gave  0-2195  CO2  and  0-0116  HgO.     0  =  23-94;  H  =  0-51. 
0-2195     „     0-630  AgCl.     Cl  =  71-0. 

OeHNCl^requires  0  =  24003  H  =  0-33;  01  =  71-0  per  cent. 

Conversion  of  Uexachloropicoline  inio  3  :  4  :  5-Trichloro2ncoUmc  Acicl. 

After  pi-eliminary  trials,  fifty  grams  of  tlie  pi^eceding  compound  were 
dissolved  in  150  ce.  of  80  per  cent,  sulphviric  acid  and  heated  at 
120 — 130°  in  a  reflux  apparatus  for  from  li — 2  hours,  the  heating 
being  discontinued  when  fumes  of  hydrogen  chloride  ceased.  If  the 
température  is  allowed  to  rise  much  higlier  than  130°,  a  good  deal  of 
the  trichloropicolinic  acid  is  decomposed  into  trichloropyridine,  which 
remains  in  solution  in  sulphuric  acid.  When  the  température  of  the 
mixture  is  carefully  kept  within  the  above  limit,  a  nearly  theoretical 
yield  of  the  acid  is  obtained  by  pouring  the  mixture  into  water,  collect- 
ing  the  precipitated  acid,  and  recrystallising  from  boiling  water  or 
alcohol.  The  substance  séparâtes  from  thèse  menstrua  in  small,  white, 
anhydrous,  short,  pointed  needles  or  in  filamentous  rosettes  of  needles, 
according  to  the  température  of  déposition;  it  melts  at  164 — 165° 
(uncorr.)  with  effervescence.  The  compound  dissolves  to  a  moderate 
extent  in  boiling,  and  very  sparingly  in  cold,  water  and  in  aceticacid  ; 
it  is  fairly  soluble  in  boiling  alcohol  and  in  most  organic  solvents. 

0-2038  gave  0-388  AgCl.     Cl  =  47-09. 

O^HNCla-COaH  requires  01  =  4702  per  cent. 

A  solution  of  the  acid  gives  the  following  reactions  : 

(1)  AVith  silver  nitrate,  a  white,  gelatinous  silver  sait  which  is 
sparingly  soluble  in  boiling  water,  from  which  it  séparâtes  in 
filamentous  needles. 

(2)  When  a  soluble  copper  sait  is  added  to  a  hot  solution  of  the 
acid,  a  light  blue,  crystalline  (appai-ently  rhombohedral)  precipitate 
of  the  copper  sait  is  produced,  which  is  very  sparingly  soluble  in  either 
hot  or  cold  water. 

(3)  Ferrons  sulphate  produces  at  first  a  yellowish-brown  colour, 
but  after  a  short  time  the  solution  deposits  microscopic  rosettes  of  dark 
red  prisms. 

(4)  The  lead  and  mercuric  salts  separate  in  the  form  of  white 
rosettes  of  very  sparingly  soluble  needles  or  prisms. 

Formation  of  3  -.i  :  5- Trichloropyridine  from  3  :  4  :  ^-Trichloropicolinic 

Acid. 

A  sample  of  the  pure  acid  weighing  five  grams  was  mixed  with 
20  ce,  of  glycerol,  and  the  mixture  rapidly  distilled  from  a  small 
retort  until  nothing  more  in  the  nature  of  an  oil  was  visible  in  the 
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flask  used  as  a  condensex\  The  oily  portion  of  the  distillate  solidified 
in  the  flask  to  a  crystalline  mass  which,  when  washed  and  dried, 
weighed  3 '9  grams,  the  calculated  yield  being  4*02  grams.  The  sub- 
stance séparâtes  from  solution  in  hot  alcohol  in  long,  colourless  needies 
melting  at  72 — 73°  (uncorr.),  Themelting  point  hère  given  is  Phigher 
than  that  recorded  by  Keiser  {Amer.  Chem.  J.,  1886,  8,  310)  and  by 
Sell  and  Dootson  (Trans.,  1898,  73,  438),  and  is  not  materially  alïected 
when  the  compound  is  mixed  with  samples  from  différent  soux'ces. 

0-1736  gave  0-411  AgCl.     01  =  58-5. 

C-HNCI3  requires  Cl  =  58-4  per  cent. 

The  compound  from  other  sources,  as  shown  (loc.  cit.),  gives  a 
platinum  sait  having  the  formula  (CgH2Cl3"N")oPtCl4,  containing  27*66 
per  cent,  of  platinum.  A  spécimen  prepared  from  the  trichloropjandine 
from  trichloropicolinic  acid  furnished  the  following  numbers  : 

0-1 635  gave  0-0445  Pt.     Pt  =  27-21  per  cent. 

As  a  further  confirmation,  samples  of  the  double  sait  with  mer- 
curic  chloride  from  the  différent  sources  were  compared,  and  found  to 
be  practically  identical  in  melting  point  and  gênerai  characters. 

Formation  of  Methyl  3  :  4  :  5-Trichloropicolmate. 

Methyl  3  : 4  :  5-trichloropicolinate  was  prepared  by  saturatiog  a 
mixture  of  the  acid  and  methyl  alcohol  with  hydrogen  chloride.  On 
leading  the  gas  into  the  cold  mixture,  the  acid  gradually  dissolved,  and 
on  passing  in  a  further  quantity  of  this  reagent  a  crystalline  pre- 
cipitate  of  the  ester  separated.  This  was  removed  by  filtration  and 
more  gas  passed  into  the  filtrate  until  complète  saturation  was  effected. 
After  standing  for  twelve  hours,  the  excess  of  hydrogen  chloride  was 
removed  by  a  curi-ent  of  dry  air,  and  the  excess  of  alcohol  by  dis- 
tillation in  a  partial  vacuum.  The  deposited  ester  was  recrystallised 
from  methyl  alcohol,  from  which  it  séparâtes  in  colourless  plates, 
having  a  pearly  lustre  and  melting  at  84 — 85°  (uncorr.).  The  ester  is 
freely  soluble  in  organic  solvents  and  moderately  so  in  boiling 
water,  from  which  it  séparâtes  in  plates,  the  melting  point  being 
unaltered. 

Formation  oj  3  ;  4  :  5-Trichloropicolinamide  from  Methyl  3  : 4  :  5-Tri- 
chloropicolinate. 

When  the  methyl  ester  was  dissolved  in  hot  methyl  alcohol  and  an 
excess  of  strong  aqueous  ammonia  added,  the  amide  rapidly  separated 
as  a  crystalline  magma  of  fine  needies  ;  this  substance,  when  collected 
^n4    yecrystallised   from  spirit,  formed  long,  colourless,  fiât  needies 
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melting  at  184 — 185°  (uncorr.)  ;  it  is  freely  soluble  in  most  organic 
solvents,  and  moderately  so  in  boiling  water,  from  which  it  séparâtes 
on  cooling  (184 — 185°,  uncorr.). 

0-1860  gave  0-3529  AgCl.     01  =  47-02. 
0-2445     „     0-4628       „         01  =  46-86. 


Formation  of  3  :  4  :  5-Tr{chloro-2-aniinopi/rid!.ne  from  3  :  4  ;  5-Trichloro- 
picolinamide. 

The  Hofmann  reaction  was  carried  out  on  4  5  grams  of  the  picolin- 
amide, using  the  theoretical  amounts  of  bromine  and  caustic  potash. 
The  only  déviation  from  the  iisual  procédure  was  the  filtration  of  the 
crystalline  compound  from  the  cooled  alkaline  solution  and  its 
purification  by  distillation  in  a  current  of  steam,  to  avoid  the  risk  of 
any  possible  décomposition  by  distillation  from  the  strongly  alkaline 
liquid.  Ail  but  mère  traces  of  the  crystalline  product  came  over 
during  the  steam-distillation,  and  when  collected  and  i^ecrystallised 
from  alcohol  formed  a  mass  of  fine  needles  melting  at  160 — 161" 
(uncorr.). 

0-2870  gave  35  ce.  nitrogen  at  24°  and  767  mm.     N  =  1378. 
Trichloroaminopyridine,  O-HgN^Olg,  requires  N  =  14-17  per  cent. 
Trichloropicolinamide,  O^HNClgCONHo,  requires  N  =  12-41  per  cent. 

In  conclusion,  the  author  desires  gratefully  to  acknowledge  his 
indebtedness  to  the  Government  Graot  Oommittee  of  the  Royal 
Society  for  providing  the  greater  part  of  the  funds  requisite  for  this 
research, 

University  Chemical  Labokatohy, 
Cambridge. 


LXXXII. — Further  Studies  on  Dihydroxymaleic  Acid. 

By  Henry  John  Horstman  Fenton,  M.A.,  F.R.S. 

The  mode  of  formation,  constitution,  properties  and  relationships 
of  dihydroxymaleic  acid  hâve  been  discussed  in  several  previous 
communications  to  the  Society  and  elsewhere  (Trans.,  1894,  65,  899  ; 
1895,  67,  48  and  774;  1896,  69,  546  ;  1897,  71,  375  ;  1898,  73,  71  ; 
1902,  81,  426  ;  Proc,  1898,  14,  119  ;  Proc.  Camh.  Phil.  Soc,  1901,  11, 
109  ;  1902,  11,  358,  &c.),  and  in  the  présent  paper  an  apcount  is  givea 
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of  some  of  the  principal  investigations  wliich  hâve  since  been  cariied 
out  in  connection  with  the  subject. 

This  acid  proves  to  be  of  importance  not  only  in  conséquence  oE  the 
scientific  interest  attaching  to  its  constitution  and  peculiar  mode  of 
formation,  but  also  because  it  serves  as  the  starting  point  for  the 
préparation,  by  direct  and  simple  transformations,  of  many  compounds 
which  can  otherwise  only  be  obtained  with  considérable  difficulty  or 
not  at  ail. 

In  the  communications  above  referred  to  it  was  shown  that  the  acid 
results  from  the  oxidation  of  tartaric  acid  in  présence  of  ferrous  iron  ; 
it  is  thus  obtained  in  the  form  of  lustrons,  diamond-shaped  plates 
which  hâve  the  formula  C^ïifi^,2îlrp.  It  is  a  dibasic  acid,  as 
evidenced  by  the  composition  of  its  salts  and  esters  ;  the  présence  also 
of  two  alcoholic  hydroxyl  groups  is  shown  by  the  action  of  acetic 
anhydride  and  of  acetyl  and  benzoyl  chlorides.  In  constitution  it 
niust  therefore  be  represented  as  either  dihydroxymaleic  or  dihydroxy- 
fumaric  acid,  C02H*C(0H);C(0H)*C0oH.  The  former  configuration  is 
to  be  preferred  in  conséquence  of  the  readiness  with  which  anhydride 
formation  takes  place,  and  the  action  of  hydrobromic  acid  transforms 
it  into  an  isomeric  modification  which  has  probably  therefore  the 
fumaroid  form  ;  it  cannot  be  said,  however,  that  thèse  respective  con- 
figurations are  finally  established  (compare  Proc,  loc.  cit.). 

Fuming  hydriodic  acid  reduces  it  ultimately  to  succinic  acid, 
racemic  acid  having  been  isolated  as  an  intermediate  stage.  Wheii 
oxidised  by  bromine  under  certain  conditions,  it  is  converted  almost 
quantitatively  to  dihydroxytartaric  acid  ;  this  action  was  shown  to  be 
réversible  and,  under  différent  conditions,  bromine  is  liberated  when 
hydrogen  broniide  acts  on  dihydroxytartaric  acid  with  the  pro- 
duction of  the  lactonic  acid  of  dihydroxyfumaric  acid.  By  heating  an 
aqueous  solution  of  dihydroxytartaric  acid,  tartronic  acid  is  obtained  in 
a  pure  condition. 

Oxidation  by  means  of  ferrie  salts  couverts  dihydroxymaleic  acid 
into  the  semialdehyde  of  mesoxalic  acid,  and  it  was  poiuted  out  that 
the  latter  product  also  results  when  tartaric  acid  is  oxidised  by  chlorine 
in  présence  of  iron. 

An  aqueous  solution  of  dihydroxymaleic  acid,  when  heated  to  about 
50 — 60°,  gives  off  carbon  dioxide  and  yields  glycollic  aldéhyde  ;  by 
distillation  of  the  resulting  solution  under  reduced  pressure,  the  latter 
compound  is  obtained  in  a  crystalline  condition. 

The  methyl  and  ethyl  esters  are  crystalline  solids,  and  it  was  shown 
that  the  former  exists  in  two  modifications  ;  later  investigation 
indicates  that  the  ethyl  ester  behaves  similarly,  but  the  two  forms 
bave  not  yet  been  completely  examined. 

Notwithstanding   the   conclusive   évidence   above   referred    to    in 
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support  o£  the  dihydroxy-formula  for  this  acid,  it  is  not  improbable,  as 
was  previously  suggested  (Trans.,  1896,  69,  547)^  that  the  compound 
may,  under  certain  conditions,  assume  the  tautomeric  keto-form, 

C02H-CO-CH(OH)-C02H, 
and  in  some  of  the  later   ob  sei-vations  it  will  be    noticed   that  the 
latter  constitution  suggests  the  more  rational  interprétation  of  the 
changes  involved. 


Condensation  loith  Ammonia.     Synthesis  of  ryrazinedicarhoxylic  Acid. 

When  the  ammonium  or  the  sodium  sait  of  dihydroxymaleic  acid  is 
mixed  with  an  excess  of  strong  aqueous  ammonia  and  the  mixture  is 
allowed  to  stand  for  some  days  at  the  ordinary  température,  the  sait 
slowly  dissolves,  and  the  solution  acquires  a  bright  yellow  colour. 
This  change  is  greatly  accelerated  if  the  mixture  is  warmed  on  a 
water-bath  at  about  50 — 60%  and  appears  under  thèse  conditions  to 
be  completed  in  about  half  an  hour.  After  removal  of  the  excess  of 
ammonia  by  evaporation  or  by  distillation  under  reduced  pressure, 
the  addition  of  an  acid  causes  the  évolution  of  much  carbon  dioxide 
together  with  the  séparation  of  a  brown,  crystalline  precipitate  con- 
sisting  of  small,  transparent  prisms.  Thèse  are  very  sparingly  soluble 
in  boiling  water,  alcohol,  or  other  solvents,  but  dissolve  easily  in 
alkalis.  They  dissolve  also  in  concentrated  sulphuric  acid,  and  separ- 
ate  out  on  dilution  with  water.  By  repeated  recrystallisation  from 
boiling  aqueous  alcohol  or  by  solution  in  dilute  alkalis  and  reprecipi- 
tation  with  acids,  the  crystals  become  practically  colourless.  The 
yield  of  this  product  is  not  large,  but  it  appears  to  be  increased  if  a 
current  of  air  is  drawn  through  the  mixture  during  the  préparation  ; 
in  this  case  also  the  resulting  crystals  are  less  discoloured. 

The  aqueous  solution  of  this  substance  is  acid  towards  indicators 
and  effervesces  with  sodium  carbonate  ;  with  ferrons  sulphate,  it 
develops  a  beautiful  violet  colour,  which  is  discharged  by  minerai 
acids  or  by  alkalis.  Ferrie  salts,  on  the  other  hand,  produce  no 
colour.  Silver,  lead,  barium,  and  calcium  salts  give  white  précipi- 
tâtes from  which  the  acid  can  be  regenerated  in  the  usual  ways  ;  the 
calcium  sait  sepai'ates  from  hot  solutions  in  prisms.  The  solid  acid, 
when  heated,  begins  to  décompose,  and  partly  vaporises  between  250° 
and  300*^  without  melting. 

Analysis  of  the  purified  crystals  when  dried  in  a  vacuum  desiccator 
gave  the  following  results  : 

0-1529  gave  0  2397  CO^  and  0-0372  H.O.     C  =  42-75;  H -270. 
0-2861     „     40-6  ce.  nitrogen  at  18°  and  748  mm.     N=  16-43. 
C3H2NO.  requires  C  =  42-85  ;  H  =  2-38  ;  N  =  16-66  per  cent. 
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0'1291  of  the  air-dried  crystals,  when  kept  in  a  vacuum    desiccator 
until  the  weight  was  constant,  lost  HoO  =  0-0226  ;  H20=  17-50. 
C3H2N02,H20  requires  11^0=  17 'U  per  cent. 

0-3322  of  the  vacuum-dried  crystals,  when  dissolved  in  standard 
caustic  .soda  and  titrated  with  standard  snlphuric  acid,  required  7-1  ce. 
of  caustic  soda  solution  containing  22-386  NaOH  per  litre.  An  acid 
having  the  formula  (C3H2N"0.i);i,  if  ?i-basic,  would  require  7-06  ce. 

From  the  above  results,  it  is  évident  that  the  composition  and 
properties  of  this  acid  correspond  in  every  respect  with  those  of  the 
jnjrazine-^  :  b-dicarboxylic  acid,  C4H2N2(C02H)2,2H20,  which  was  first 
obtained  by  Stoehr  {Ber.,  1891,  24,  4105)  by  the  oxidation  of  dimethyl- 
pyrazine  with  potassium  permanganate. 

The  same  acid  was  prepared  by  Wolff  {Ber.,  1893,  26,  721)  in  the 
following  way.  /3-Hydroxy-(or  /3-bromo-)lpevulic  acid  condenses 
with  ammonia  to  give  tetramethylpyrazine,  2Çj^^0^  +  2NH3  = 
C4N2(CH3)^  +  2CO2  +  4H2O  +  Hg,  and  by  oxidation  of  the  latter  with 
potassium  permanganate  the  somewhat  unstable  tetracarboxylic  acid, 
C^N2(C0oH)^,  is  obtained.  The  dipotassium  sait  of  this,  when  heated 
with  water  to  about  200'^,  yields  the  dicarboxylic  acid,  together  with 
pyrazine  and  other  products. 

The  identity  of  the  product  obtained  in  the  présent  instance  with 
this  dicarboxylic  acid  is  further  confirmed  by  its  behaviour  when 
heated.  The  vacuum-dried  substance,  when  heated  iu  a  small  dis- 
tilling  flask  to  about  280 — 300°,  gave  a  white,  solid  sublimate,  together 
with  a  volatile  liquid  which  solidified  in  the  neck  of  the  flask  to  a 
crystalline  mass.  Thèse  crystals  melted  at  55°,  had  the  characteristic 
héliotrope  odour  of  pyrazine,  and  their  aqueous  solution  gave,  with 
mercuric  chloride,  a  white  precipitate. 

In  the  condensation  of  hydroxylîevulic  acid  with  ammonia,  as  in  the 
formation  of  dimethylpyrazine  from  aminoacetone  byheat  (Gabriel  and 
Pinkus,  Be7\,  1893,  26,  2205)  and  of  pyrazine  from  aminoacetaldehyde 
or  aminoacetal  (Wolff,  loc.  cit.,  1830),  it  will  be  observed  that  the 
changes  involved  imply  the  loss  of  two  atoms  of  hydrogen  ;  for  this 
reason,  the  addition  of  oxidising  agents,  such  as  mercuric  chloride, 
improves  the  yield.  In  the  présent  case,  the  condensation  is  of  the 
same  type,  2C,H,0g  + 2NH3  =  C4H2N2(C02H)2  + OIoO  +  200.  + H., 
but  it  has  not  so  far  been  found  advantageous  to  employ  oxidising 
agents  other  than  air,  since  the  addition  of  metallic  salts,  such  as  mer- 
curic chloride,  leads  to  undesirable  complications. 

With  regard  to  the  mechanism  of  the  change,  tliere  are,  of  course, 
several  possible  explanations.     If  carbon   dioxide  is  eliminated  in  the 
first  stage,  the  initial  product  may  be  tartronic  semialdehyde, 
CH0-CH(0H)'C02H, 
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hydroxypyruvic  acid,  CH2(OH)'CO'C02H,  or  dihydroxyacrylic  acid, 
CH(0H)IC(0H)'C02H;  condensation  of  any  of  thèse  acids  with 
ammonia  would  evidently  take  place  in  a  manner  similar  to  that  in 
which  Wolff  {loc.  cit.)  represents  the  formation  of  pyrazine  from 
aminoacetaldehyde.  Fi-om  tartronic  semialdehyde,  for  example,  the 
changes  might  be  as  follows 

NH,  NH 


COgH-ÇH         ÇHO  CO2H.ÇH  HÇ'OH 

CHO  HC-CO^ÏÏ  "^      OH'CÏÏ  HC.CO2H 

NH,  NH 


~> 


CO,H-C 

"hc 


CH 


N 


On  the  other  hand,  the  initial  product  may  be  a  tetx'acarboxylic  acid 
which,  by  oxidation  and  loss  of  carbon  dioxide,  gives  the  dicarboxylic 
acid  in  question  : 

NH 

/\ 
CO^H-C-OH  OH-C-CUH  CO2H.C      C.CO2H 

CO,H-C-OH"^^'-'^3  +  ojj.c.cQH  ->    CUH-C      C-C02H' 

\/ 
NH 

A  change  of  an  entirely  différent  character  takes  \A-dce  when  the 
ethyl  or  methyl  ester  of  dihydroxymaleic  acid  is  treated  with  aqueous 
ammonia. 

In  this  case  the  liquid  assumes  a  deep  orange-i-ed  colour,  and  a  white 
precipitate  séparâtes  which  proves  to  be  oxamide.  The  solution  con- 
tains  ammonium  oxamate  together  with  another  substance  which  lias 
not  y  et  been  obtained  sufficiently  pure  for  analysis.  It  is  évident, 
therefore,  that  disruption  occurs,  under  thèse  conditions,  at  the  double 
linkage. 

Action  of  Hydrazines. 

It  was  previously  shown  (Trans.,  1896,  69,  548)  that  dihydroxy- 
maleic acid  reacts  with  phenylhydrazine  only  to  produce  a  sait, 
C^H^Og,2N2H3'CgH5,  a  brilliant  silver-white,  crystalline  substance 
which,  when  heated  for  some  time  with  phenjlhydrazine  acétate 
solution,  becomes  orange-yellow,  loses  carbon  dioxide,  and  is  converted 
into  Nastvogel's  osazone  of  glyoxalcarboxylic  acid  : 
GH:N2HPh-C:N2HPh-CO,H  ; 
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this  crjstallises  in  needles  or  prisms  which  melt  at  222 — 224^ 
(compare  Trans.,  1901,  79,  100,  and  1902,  81,  430). 

When  the  sait  is  boiled  Avith  water  alone,  it  behaves  similarly,  but  in 
this  case  the  osazone  remains  priucipally  dissolved  as  a  colloidal  solu- 
tion, from  which  it  immediately  sepax-ates  on  the  addition  of  a  drop  of 
acetic  acid.* 

Other  hydrazines  are  now  found  to  behave  with  dihydroxymaleic 
acid  in  a  similar  Wày  ;  hydraziue  hydrate,  for  example,  gives  a  white 
precipitate  consisting  of  long  needles  or  prisms,  which  has  the  compo- 
sition C^H40^,2N2H^.  Analysis  gave  N  =  26"o5  per  cent.,  theory 
requiring  2 6  "41  per  cent. 

Phenylbenzylhydrazine  likewise  gives  a  white,  flocculent  precipitate 
which,  when  washed  with  alcohol  and  dried  in  a  vacuum  desiccator, 
melts  at  128 — 130°,  and  gives,  on  analysis,  N  =  10*57  per  cent., 
C4H40^-2N"2H2BzPh  requiring  10-29  per  cent.  When  this  sait  isheated 
with  water  to  boiling  for  about  an  hour,  it  becomes  converted  into  a 
gummy  mass,  which,  when  treated  with  bot  alcohol,  only  partially  dis- 
solves. The  residue,  after  treatment  with  alcohol,  was  recrystallised 
first  fi'om  hot  benzène  and  then  from  a  mixture  of  toluène  and  absolute 
alcohol  ;  in  this  way,  it  was  obtained  in  the  form  of  uearly  colour- 
less  prisms  which  are  aggregated  together,  and  which,  when  exposed  to 
the  air,  gradually  turn  pink  at  the  edges.  Thèse  crystals,  after  drying 
at  100°,  melted  at  197°. 

0-1590  gave  0-4680  COg  and  0-0905  K.p.     C  =  80-27  ;  H  =  6-32. 
0-1445     „     17-27  ce.  nitrogen  at  195°  and  731  mm.     N=  13-46. 


This   product   is   tlierefore    evidently    the   phenylbenzylosazone  of 

glyoxaljt  JL, TT-ix-r^T-,  -r>,  ,  which  was  first  obtained  by  Kuiï  and  Ollendorlï 
*=  -^  CÏÏ.NgBzPh  ■^ 

from  the  products  resulting  wlien  galactonic  and  lactobionic  acids  are 

oxidised  in  présence  of  iron  ;  it  was  also  obtained  by  the  same  authors 

directly  from  glyoxal  {Ber.,  1900,  23,  1806). 

When  glycollic  aldéhyde  is  heated   for  some  time   on   a  water-bath 

with   an  alcoholic  solution  of    phenylbenzylhydrazine,    a  product  is 

obtained  which  is  in  ail  respects  the  same  as  the  osazone  hère  described. 

It  is  évident  that  in  this  case  the  CHg-OH  group  becomes  oxidised,  that 

is  to  say,  that  an  osazone  is  formed  from  a   sugar  of  the  aldose  type 

*  When  the  pheuylhydrazine  sait  is  heated  witli  dry  pyridiue  the  iiroduct  consists 
principally  of  the  pheuylosazoue  of  glyoxal. 

t  Strictly  speaking,  this  is  of  course  a  dihydrazonc  of  glyoxal  or  an  osazone  of 
glycollic  aldéhyde,  but  the  above  name  is  cmployed  in  accordance  with  common 
usage. 
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by  the  action  of  a  secondary  aromatic  hydrazine  (compare  Ofûer,  Ber., 
1904,  37,  3362). 

It  was  previously  stated  that  methyl  and  ethyl  dihydroxymaleates 
give  no  reaction  with  phenylhydrazine  ;  this  is  true  as  regards  the 
initial  resuit,  but  it  is  now  found  tliat  on  prolonged  heating  a  change 
does  slowly  take  place.  When,  for  example,  the  ethyl  ester  is  heated 
on  a  water-bath  with  phenylhydrazine  acétate  in  either  alcoholic  or 
acetic  acid  solution  for  about  an  hour  and  is  then  allowed  to  stand  for 
some  time,  an  orange-coloured  precipitate  slowly  séparâtes.  This,  after 
being  washed  with  cold  alcohol  and  recrystallised  from  bot  alcohol  or 
glacial  acetic  acid,  is  obtained  in  the  form  of  brilliant  orange-coloured 
prisms  which  melt  sharply  at  154°.  On  analysis,  thèse  gave  C  =  63'57, 
H  =  479  per  cent.,  the  formula  C^^Hj^OgN^  requiring  C  =  64'28, 
H  =  4"76.  The  properties  of  this  compound  correspond  in  every  way 
with  those  of  the  product  which  Wislicenus  and  Scheidt  {Ber.,  1891, 
24,  4210)  obtained  by  the  action  of  phenylhydrazine  on  the  ethyl  ester 
of  ethoxyoxaloacetic  acid,  and  which  they  designate  as  the  ethyl  ester 
of  phenylhydrazoneketophenylpyrazolonecarboxylic  acid, 

NPh<^=V^^^^^  . 
^CO-CINgHPh 

The  same  compound  was  obtained  by  Anschiitz  and  Parlato  by  the 
action  of  phenylhydrazine  on  the  ethyl  ester  of  dioxosuccinic  acid 
{Ber.,  1892,  25,  1979),  and  it  results  also  from  either  of  the  three 
isomeric  osazones  of  ethyl  dioxosuccinate  when  they  are  heated  with 
glacial  acetic  acid  (Anschiitz  and  Pauly,  Ber.,  1895,  28,  66). 

When  ethyl  dihydroxymaleate  is  heated  with  an  excess  of  phenyl- 
hydi'azine  in  alcoholic  solution,  there  is  also  formed  after  a  time  a  bright 
ficarlet  substance,  which  is  nearly  insoluble  in  boiling  alcohol  and 
which  melts  at  256 — 259°.  This  is  evidently  the  compound  first 
noticed  by  Peny,  which  arises  from  the  action  of  phenylhydrazine  on 
either  the  ethyl  or  propyl  esters  of  dioxosuccinic  acid  {loc.  cit.,  67). 

It  appears  therefore  that  the  final  products  obtained  by  the  continued 
action  of  phenylhydrazine  on  the  esters  of  dihydroxymaleic  acid  are 
the  same  as  those  which  resuit  from  dioxosuccinic  esters, 

C02R-CO-CO-C02R, 
that  is,  the  esters  obtained  from  dihydroxytartaric  acid. 

The  above  results  are  most  easily  interjjreted  if  it  is  supposed  that 
dihydroxymaleic  acid  assumes  the  tautomeric  form 

C02H-CO'CH(OH)-C02H, 
and  that  the  CHOH  group  is  oxidised  by  phenylhydrazine  in  the  usual 
way. 
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Préparation  of  the  Acid  (compare  Trans.,   1894,  65,  901). 

A  cold,  nearly  satura ted  solution  of  tartaric  acid,  containing  a  small 
proportion  of  iron  in  the  ferrous  condition,  is  surrounded  by  a  freezing 
mixture,  and  a  previously  cooled  solution  of  hydrogen  peroxide  (20 
volume  or  stronger)  is  very  slowly  added,  in  small  portions  at  a  time, 
with  constant  stirring,  until  the  mixture  assumes  a  <nearly  permanent 
black  tint. 

No  séparation  of  the  acid  occurs  from  this  mixture  even  on  long 
standing,  unless  a  dehydrating  agent  is  added.  Nordhausen  sulphuric 
acid  was  found  to  be  the  niost  suitable  agent  for  this  purpose  ;  it  has, 
of  course,  to  be  introduced  with  the  greatest  care  in  order  to  prevent 
rise  of  température,  and  is  best  dropped  from  a  long  f unnel  below  the 
surface  of  the  liquid.  After  pei'sistent  stirring,  the  crystals  of 
dihydroxymaleic  acid  begin  to  separate  in  a  few  minutes  and  continue 
to  deposit  for  several  days  when  the  mixture  is  kept  at  about  0°. 

The  yield  of  the  product  is  always  small  as  compared  with  the 
amount  of  tartaric  acid  employed  :  this  is  partly  due  to  the  unstable 
nature  of  the  acid  and  to  the  fact  that  a  considérable  portion  remains 
in  solution  after  ci-ystallisation  ceases  ;  but  the  principal  cause  is  to  be 
found  in  the  circumstance  that  the  product  itself  is  very  readily 
oxidised  by  hydrogen  peroxide  in  présence  of  iron  (compare 
Fenton  and  Ryft'el,  Trans.,  1902,  81,  434),  and  the  oxidising  agent 
only  preferentially  attacks  the  tartaric  acid  when  the  latter  is  in  large 
excess.  For  this  reason,  it  is  never  advantageous  to  employ  more  thau 
about  one-tenth  of  the  calculated  quantity  of  hydrogen  peroxide. 

Many  experiments  hâve  been  undertaken  with  the  object  of  improv- 
ing  the  yield,  but  so  far  only  with  partial  success.  The  substitution  of 
orthophosphoric  acid  (sp.  gr.  l'7)  for  Nordhausen  sulphuric  acid  as  a 
dehydrating  agent  is  found  to  be  an  advantage  in  many  respects  ;  tlie 
yield  certainly  appears  to  be  better  and  the  reagent  may  be  added  with 
greater  boldness  and  with  less  danger  of  a  rise  in  température,  but  it 
is  important  to  make  sure  of  the  absence  of  impurities,  such  as  sodium 
or  calcium  salts,  which  would  contaminate  the  product. 

When  anhydrous  sodium  sulphate  is  used  in  place  of  the  above- 
named  dehydrating  agents,  the  product  which  sejjarates  proves  to 
be  the  acid  sodium  sait  ;  the  yield  of  this  is  very  much  greater,  in 
proportion  to  theory,  than  that  of  the  free  acid  when  acid  dehydrators 
are  used,  and  for  certain  purposes  the  manufacture  of  this  sait  is 
therefore  to  be  preferred. 
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Âcid  Sodium  Sait. 


If  to  the  mixture  obtained  by  oxidation  of  tartaric  acid  in  the 
manner  above  described  a  strong  solution  of  a  sodium  sait  is  added, 
a  bulky,  crystalline  precipitate  soon  séparâtes,  which  consista  of 
long,  lustrous  needles  or  prisms;  addition  of  the  sodium  sait  in 
the  solid  state  gives  a  similar  i-esult.  This  product  is  less  soluble 
than  sodium  hydrogen  tartrate,  and  it  is  advisable,  if  the  solid  sait 
is  used,  so  to  adjust  the  final  concentration  of  the  mixture  (by 
previous  trial  with  a  small  portion  of  the  original  solution)  that  no 
séparation  of  the  acid  tartrate  is  likely  to  occur. 

This  product,  dried  in  the  air,  was  analysed  with  the  foUowing 
results  : 

I.  0-5086  gave  0-1736  NagSO^.     Na=  11-05. 

II.  0-3107     „     01072  NagSO^.     Na  =  ll-19. 

NaHC^H206,2HoO  requires  Na=  11-16  per  cent. 

The  aqueous  solution  of  this  sait  has  a  strongly  acid  reaction,  and 
when  titrated  with  caustic  soda,  using  phenolphthalein  as  indicator, 
the  following  numbers  were  obtained  : 

III.  1-0953  grams  required  8-7  ce.  soda  solution,  containing  lilo 
grams  ISTa  per  litre,  theory  requiring  8 '6  ce, 

This  sait  is  more  stable  than  the  free  acid  and  may  be  recrystallised 
from  hot  water  with  but  little  loss  ;  when,  however,  the  aqueous 
solution  is  heated  for  some  time,  or  when  it  is  boiled,  carbon  dioxide  is 
evolved  and  a  white  precipitate  séparâtes  ;  the  solution  remaining 
gives  the  reactions  of  glycollic  aldéhyde,  and  the  white  precipitate 
proves  to  be  the  normal  sait  of  dihydroxymaleic  acid.  O'ISÔS  gave 
0-1344  Na2S04.  Na  =  23-47.  Na^C^HgOg  requiring  Na  =  23-95  per 
cent. 

It  is  évident,  therefore,  that  the  acid  sait  breaks  up  into  normal  sait 
and  free  acid,  the  latter  then  yielding  glycollic  aldéhyde  and  carbon 
dioxide. 

When  this  acid  sait  is  covered  with  acetic  acid  and  treated  with 
bromine  in  slight  excess,  it  is,  like  the  free  acid,  oxidised  to  the  state 
of  dihydroxytartrate,  the  change  beiug  approximately  quantitative  : — ■ 

2-9  grams  of  acid  sodium  dihydroxymaleate,  when  oxidised  by 
bromine  and  the  product  neutralised  with  sodium  carbonate,  gave 
3-7  grams  of  sodium  dihydroxytartrate  (air-dried),  the  theoretical 
amount  being  3-81. 
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Oxidation  with  Mercurîc  Oxide.     Préparation  of  Mesoxalic  Acid. 

When  dihydroxymaleic  acid  is  shaken  with  cold  water  and  the 
calculated  quantity  of  freslily  precipitated  mercm^ic  oxide,  it  is  gradu- 
ally  oxidised  to  diliydroxytartaric  acid  with  séparation  of  metallic 
mercury.  Further,  when  an  aqueous  sohition  of  dihydroxytai^taric  acid 
is  heated  at  about  50—60°  with  mei'curic  oxide  in  calculated  quantity, 
Carbon  dioxide  is  evolved  and  the  solution  contains  mesoxalic  acid. 
The  solution  so  obtained  is  free  from  mercury,  but  is  liable  to  contai n 
sorae  oxalic  acid,  especially  if  the  température  is  net  carefully 
regulated.  The  opération  may,  of  course,  be  performed  in  a  single 
stage  from  dihydroxymaleic  acid,  using  two  molécules  of  mercuric 
oxide  for  one  molécule  of  the  acid. 

For  the  purpose  of  obtaining  pure  mesoxalic  acid,  however,  it  is 
found  préférable  to  start  with  dihydroxytartaric  acid,  prepared  in  the 
manner  previously  described  (Trans.,  1898,  73,  72),  and  to  employ  an 
excess  of  mercuric  oxide. 

In  this  case,  mesoxalic  acid  is  converted  into  a  sparingly  soluble 
mercury  sait,  and  by  decomposing  this  with  hydrogen  sulphide, 
avoiding  excess,  the  acid  is  obtained  fi'ee  from  oxalic  acid.  On 
evaporation  of  the  resulting  solution  in  a  vacuum  desiccator  over 
sulphuric  acid,  déliquescent  crystals  of  mesoxalic  acid  remain,  which 
are  practically  pure  without  recrystallisation,  the  prcduct  melting  at 
about  110—115°. 

On  addition  of  phenylhydrazine  hydrochloride  or  acétate  to 
the  aqueous  solution,  the  pale  yellow  needles  of  mesoxalic  acid 
phenylhydrazone  begin,  after  a  few  minutes,  to  separate  in  the  cold. 
Thèse,  after  being  well  washed  and  dried  in  a  vacuum  desiccator, 
melted  at  170—171°  (compare  Trans.,  1902,  81,  433). 

0-U98  gave  17-5  ce.  nitrogen  at  18°  and  759  mm.     N=  13-73. 
CgHgO^Ng  requires  N  =  13-46  per  cent. 

It  would  appear  that  this  reaction  affords  one  of  the  most  simple 
methods  for  the  prepai'ation  of  mesoxalic  acid,  and  the  yield  is  good  ; 
from  one  gram  of  dihydroxytartaric  acid,  1"1  grams  of  mesoxalic  acid 
bydrazone  were  obtained,  the  theoretical  yield  being  about  1-2  grams. 

Formation  of  Mesoxalic  Semialdehyde. 

It  was  shown  in  a  former  communication  (Fenton  and  Ryffel,  Trans., 
1902,  81,  434)  that  when  dihydroxymaleic  acid  reacts  with  ferrie  salts 
in  aqueous  solution  at  about  40°,  carbon  dioxide  is  liberated,  and 
the  resulting  solution  contains  the  semialdehyde  of  mesoxalic  acid, 
CHO'CO'CO^H.     This  product   was  identified   by  (a)  the  immédiate 
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formation  of  Nastvogel's  osazone  wlien  the  solution  is  mixed  with 
phenylhydrazine  acétate,  (b)  the  oxidation  to  mesoxalic  acid  by  means 
of  alkaline  cupric  hydroxide,  and  (c)  the  production  of  Soderbaum's 
ilioximinopropionic  acid  by  the  action  of  hydroxylamine. 

An  objection  to  this  mode  of  préparation  of  the  semialdehyde  is 
the  difficulty  of  removing  the  large  amount  of  ferrons  sait  which  is 
produced  in  the  reaction.  Later  investigation  has  shown  that  mercuric 
chloride  may  advantageously  be  employed  as  oxidising  agent  and  that 
the  mercury  is,  in  this  case,  entirely  separated  as  calomel,  according  to 
the  relation 

C.H^O,  +  2ïïgCl2  -  C3H2O4  +  2HgCl  +  2HC1  +  CO^. 

The  mex'curic  chloride  is  dissolved  in  hot  water  and  the  solution 
kept  at  about  60 — 70°  ;  the  calculated  quantity  of  crystallised  dihy- 
di'oxymaleic  acid  is  added  in  small  portions  at  a  time,  and  the  mixture 
is  then  allowed  to  stand  for  an  hour  or  two.  The  resulting  solution, 
if  the  proportions  hâve  been  accurately  adjusted,  is  now  practically 
free  from  mercury,  any  traces  which  may  remain  being  removed  by 
cautions  addition  of  hydrogen  sulphide.  The  solution  gives  ail  the 
reactions  of  mesoxalic  semialdehyde,  and  it  may  be  obtained  free  from 
the  admixed  hydrochloric  acid  by  careful  addition  of  the  calculated 
quantity  of  silver  carbonate  ;  the  product,  however,  appears  to  be 
much  more  stable  in  présence  of  free  hydrochloric  acid,  and  in  this 
condition  it  may  be  preserved  for  some  time  with  but  little  change.  It 
may  be  evaporated  to  the  consistence  of  a  syrup  in  a  vacuum  desiccator, 
over  solid  caustic  potash  and  sulphuric  acid,  and  even  rapid  evaporation 
on  a  water-l)ath  does  not  altogether  destroy  it  ;  but  when  the  solution 
is  boiled  for  some  time  or  is  repeatedly  evaporated  it  loses  carbon 
dioxide  yielding  glyoxal.  Thèse  changes  can  be  easily  foUowed  by 
examination  of  the  osazones  resulting  from  the  addition  of  phenyl- 
hydrazine. 

Mesoxalic  semialdehyde  is  not  destroyed  by  neutralisation  with 
sodium  carbonate  in  the  cold  ;  boiling  with  sodium  carbonate,  however, 
changes  it  to  tartronic  acid  (see  below). 

Since  the  aldéhyde-hydrate  of  mesoxalic  semialdehyde, 
CH(0H)2-C0-C0oH, 
might  be  tautomeric  with  the  missing  trihydroxyacrylic  acid, 

C(Oïï)2:C(OH)-C02H, 
it  appeared  to  be  possible  that  the  substance  should,  under  certain 
conditions,  condense  with  urea  to  give  uric  acid,  and  several  experi- 
ments  are  being  made  in  this  direction.  When  the  aqueous  solution 
of  the  semialdehyde  is  mixed  with  urea  and  allowed  to  stand  for 
several  hours,  a  crystalline  substance  slowly  séparâtes  ;  the  change  is 
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accelerated  when  hydx'ochloric  acîcl  is  présent,  and  it  takes  place  in  a 
few  minutes  if  tlie  mixture  is  heated  on  a  water-bath. 

This  crystalline  product  is  very  sparingly  soluble  in  boiling  water, 
but  dissolves  easily  in  alkalis  ;  it  dissolves  also  in  cold  concentrated 
minerai  acids,  and  séparâtes  again  in  the  crystalline  form  when  the 
solutions  are  diluted  with  water.  The  crystals  consist  either  of  needles, 
prisms,  or  octahedra  aceording  to  the  conditions  under  which  they  are 
separated  ;  they  are  at  first  somewhat  discoloured,  but  by  repeated 
recrystallisation  become  quite  colourless. 

When  heated,  the  substance  décomposes  without  melting,  giving  oiï 
hydrogen  cjanide,  ammonia,  and  a  white  sublimate.  So  far  many  of 
the  properties  resemble  uric  acid,  but  when  evaporated  with  nitric 
acid  the  white  or  yellow  résidus  obtaiued  gives  onlya  brownish-orange 
colour  on  addition  of  ammonia.  If  strong  nitric  acid  is  used  iu  this 
experiment  and  the  residue,  after  evaporation,  is  treated  with  caustic 
potash  or  soda,  a  faint  bluish-violet  colour  is  produced,  and  this,  on  the 
addition  of  a  drop  of  sodium  hypochlorite,  changes  to  an  intense  purple 
coloration. 

Analysis  of  the  crystals,  dried  at  100°,  furnished  the  following 
results  : 

0-1133  gave  0-1378  CO2  and  0-0435  HoO.     C  =  3317;  H  =  4-26. 

0-0859     „     28-9  ce.  nitrogen  at  19°  and  755  mm.     N  =  39-19. 

(C2H3ON,)  requires  C  =  33-80  ;  H  =  4-22  ;  N  =  39-43  per  cent. 

From  the  above  results  it  is  évident  that  the  product  is  glycoluril, 
H 

H 

or  "  acétylène  urea,"  which  was  first  obtained  by  Reineck  (Annalen, 
1864,  131,  119)  by  the  réduction  of  allantoin  with  sodium  amalgam  ; 
Schiff  obtained  the  same  substance  later  (Annalen,  1877,  189,  157) 
by  the  condensation  of  urea  with  glyoxal,  and  the  products  derived 
from  thèse  two  sources  were  at  first  thought  to  be  différent.  Widniann, 
however  (Ber.,  1886,  19,  2477),  cai-efully  compared  the  properties  of 
the  products  and  showed  that  they  were  identical. 

The  properties  of  glycoluril,  as  described  by  thèse  authors,  coïncide 
entirely  with  those  of  the  substance  at  présent  under  considération, 
but  the  remarkable  colour  reaction  given  by  alkaline  h3'pochlorites 
in  the  manner  above-mentioned  appears  to  hâve  been  entirely  over- 
looked. 

The  formation  of  glycoluril  in  the  présent  case  may,  of  course,  arise 
from  the  action  of  urea  on  glyoxal,  supposing  that  the  latter  is  first 
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formed  by  décomposition  of  the  mesoxalic  semialdehyde.  But 
since  the  product  is  obtained  in  considérable  yield  under  conditions 
in  which  mesoxalic  semialdehyde  is  stable,  it  appears  more  probable 
that  the  initial  product  is  glycolurilcarboxylic  acid,  C^H^N^Oo'COjH 
(isomei"ic  with  pseudo-uric  acid),  which  then  loses  carbon  dioxide  to 
give  glycoluril. 

By  modification  of  the  conditions,  it  is  yet  hoped  that  it  may  be 
possible  to  isolate  this  glycolurilcarboxylic  acid,  or  perhaps,  by  isomeric 
change,  to  obtain  pseudo-uric  or  uric  acids.  If  the  carbamide  sait  of 
dihydroxymaleic  acid  is  oxidised  with  mercuric  chloride  under  similar 
conditions  to  those  above-mentioned,  the  product  is  a  dark  brown,  very 
sparingly  soluble  substance,  which  differs  from  glycoluril  in  that  it 
dissolves  in  strong  nitric  acid  to  an  intense  crimson-red  solution.  This 
product  has  yet  to  be  identified. 

Relation  of  Mesoxalic  Semialdehyde  to  Tartronic  Acid. — It  was 
pointed  out  above  that  a  solution  of  mesoxalic  semialdehyde  is  fairly 
stable  in  acid  solution,  and  that  when  décomposition  does  take  place, 
by  continued  heating  or  evaporatioo,  the  products  are,  mainly  at  any 
rate,  glyoxal  and  carbon  dioxide.  In  présence  of  alkalis,  however, 
the  semialdehyde  is  quickly  changed  on  heating,  the  product  in  this 
case  being  tartronic  acid. 

This  change  was  illustrated  in  the  following  manner.  A  solution 
of  the  semialdehyde  was  divided  into  two  parts,  and  one  part  was 
made  alkaline  with  sodium  carbonate  in  the  cold,  acidified  with  acetic 
acid,  and  precipitated  with  lead  acétate.  The  resulting  white  pre- 
cipitate  was  then  well  washed,  suspended  in  water,  and  decomposed 
with  hydrogen  sulphide,  avoiding  excess  ;  on  adding  phenylhydrazine 
acétate  to  the  solution  so  obtained,  the  bright  orange  precipitate  of 
Nastvogel's  osazone  was  obtained,  the  semialdehyde  having  undergone 
little  if  any  change,  The  other  part  of  the  original  solution  was 
treated  exactly  in  the  same  manner,  except  that  af  ter  addition  of 
sodium  carbonate  the  alkaline  solution  was  heated  on  a  water-bath  at 
90 — 100°  for  about  15  minutes.  In  this  case,  the  solution,  after 
acidification  with  acetic  acid,  no  longer  reacted  with  phenylhydrazine 
acétate,  and  the  acid  solution  resulting  after  décomposition  of  the  lead 
sait  with  hydrogen  sulphide,  when  evaporated  to  small  bulk  and  allowed 
to  stand,  set  to  a  mass  of  transparent  crystals.  Thèse  were  recognised 
by  ail  their  properties  to  be  tartronic  acid,  After  drying  at  100°,  they 
melted  at  158—159°  (compare  Trans.,  1898,  73,  74),  and  without 
recrystallisation  furnished  the  following  resuit  on  analysis  : 

0-1995  gave  02 142  CO^  and  0-0599  H2O.     C  =  29-28;  H  =  3-33. 
C3H4O.,  requires  C  =  30-00  ;   H  =  3-33  per  cent, 

The  yield  of  tartronic  acid,  çalculated  fi'om  the  weight  of  dihydroxy- 
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maleic  acid  originally  taken,  amounted  to  about  60  per  cent,  of  that 
required  by  theory  ;  bearing  in  mind,  however,  the  unavoidable  loss 
involved  in  tlie  several  opérations,  there  is  little  doubt  that  the  actual 
yield  is  much  greater  than  this.  This  change,  like  that  of  glyoxal  to 
glycollic  acid,  is  an  illustration  of  the  great  readiness  with  which 
the    group    -CO'CHO   is    transformed,    in   présence    of    alkalis,    to 

-cïï(oh)-co2h:. 

The  facts  hère  recorded  hâve  an  interesting  bearing  on  the  mode 
of  décomposition  of  dihydroxytartaric  acid  when  its  aqueous  solution 
is  heated  (loc.  cit.,  p.  73).  The  products  are  in  this  case  only  tartronic 
acid  and  carbon  dioxide.  Addition  of  hydrochloric  acid  appears  only 
to  hâve  the  effect  of  making  the  dihydroxytartaric  acid  more  stable  ; 
such  a  mixture  may  be  evaporated  on  a  water-bath  almost  to  dryness 
without  complète  destruction  of  the  dihydroxy-acid,  but  the  décom- 
position products  are  hère  again  only  tartronic  acid  and  carbon 
dioxide. 

No  mesoxalic  semialdehyde  or  glyoxal  bas  been  detected  at  any 
stage  of  this  décomposition,  and  this  fact  would  appear  to  exclude  the 
very  plausible  hypothesis  that  mesoxalic  semialdehyde  is  the  initial 
product,  for  under  exactly  similar  conditions  mesoxalic  semialdehyde 
would  either  remain  undecomposed  or  would  yield  glyoxal.  It  is  évident, 
therefore,  that  the  generally  accepted  forruula  for  dihydroxytartaric 
acid  does  not  convey  a  clear  indication  of  this  décomposition. 

With  the  salts  of  dihydroxytartaric  acid,  however,  the  case  is 
différent,  since,  in  référence  to  the  experiments  hère  mentioned,  the 
formation  of  a  tartronate  would,  according  to  the  above  hypothesis, 
be  expected,  the  mesoxalic  semialdehyde  fîrst  formed  being  changed  to 
tartronic  acid  in  présence  of  the  resulting  alkali. 


Formation  oj  Glycollic  Aldéhyde. 

Dihydroxymaleic  acid,  when^  heated  with  water  to  about  50 — 60°, 
rapidly  loses  carbon  dioxide  and  is  converted  nearly  quantitatively 
to  glycollic  aldéhyde  (Trans.,  1895,  67,  774).  The  dry  acid  undergoes 
no  change  when  heated  to  this  température — or  even  at  90 — 100° — 
nor  does  it  décompose  when  heated  under  boiling  benzène  or  chloro- 
form.  The  addition  of  a  few  drops  of  water,  however,  to  the  hot 
mixture  causes  an  immédiate  évolution  of  carbon  dioxide.  The  hypo- 
thesis previously  suggested  to  account  for  thèse  facts  (loc.  cit.,  777)  was 
that  combination  with  water  first  takes  place  to  produce  trihydroxy- 
succinic  acid,  and  that  this  then  loses  two  molécules  of  cai'bon  dioxide, 
giving  glycollic  aldéhyde  hydrate. 

It  had  recently  been  observed,  however,  that  the  perfectly  dry  acid, 
C^H^Og,  décomposes  completely  and   smoothly  when  heî\tç4  ^YÏth  dry 
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pyridine  to  50 — 60°.  After  distilling  off  the  pyridine  under  reduced 
pressure,  crystals  of  glycollic  aldéhyde  appear  in  tlie  neck  of  the  flask 
and  may  be  puriâed  from  any  adhering  pyridine  by  washing  with  ether. 

This  fact  therefore  appears  to  show  that  the  décomposition  is  rather 
to  be  ascribed  to  the  instability  of  the  négative  ion,  C2(OH)o(C02)2,  and 
is  therefore  conditioned  by  the  ionising  capacity  of  the  solvent  employed. 

When  alcohol  is  used  as  solvent,  décomposition  takes  place  only  very 
slowly  on  long  boiling.  The  product  in  this  case  is  différent  from 
glycollic  aldéhyde,  and  its  nature  has  y  et  to  be  determined. 

Attempts  are  being  made  so  to  arrange  the  conditions  under  which 
décomposition  is  effected  that  only  one  molécule  of  carbon  dioxide  is 
lost  from  one  molécule  of  the  acid — a  change  which  does  occur  when 
simultaneous  oxidation  takes  place — and  if  this  could  be  accomplished 
the  resuît  should  be,  as  before  mentioned,  either  dihydroxyacrylic 
acid,  tartronic  semialdehyde,  or  hydx'oxypyruvic  acid. 

Many  other  interesting  properties  of  dihydroxymaleic  and  dihydroxy- 
tartaric  acids  and  their  derivatives  are  still  under  investigation,  and 
it  is  hoped  that  the  results  will  shortly  be  ready  for  publication. 

From  the  accounts  given  in  this  and  in  former  communications,  it 
will  be  évident  that,  starting  with  dihydroxymaleic  acid,  it  is  easy  to 
prépare,  in  either  one  or  tvvo  simple  opérations,  any  of  the  following 
compounds — dihydroxytartaric  acid,  tartronic  acid,  mesoxalic  acid,  glycol- 
lic aldéhyde,  mesoxalic  semialdehyde  glyoxal,  pyrazinedicarhoxylic  acid. 
In  view  of  thèse  and  many  other  applications,  it  is  hoped  that  chemical 
manufacturers  may  see  their  way  to  prépare  and  supply  dihydroxy- 
maleic acid  as  a  commercial  article. 

In  conclusion,  the  author  desires  to  acknowledge  the  very  valuable 
assistance  which  he  has  received  during  a  considérable  portion  of  thèse 
later  researches  from  the  co-operation  of  Mr.  J,  H.  Ryffel,  M.A.,  of 
Peterhouse,  Cambridge,  and  Guy's  Hospital,  and  to  place  on  l'ecord 
his  high  appréciation  of  Mr.  Ryffel's  scientific  enthusiasm  and  analy- 
tical  skill, 

Most  of  the  materials  employed  in  carrying  out  thèse  researches 
hâve  been  obtained  with  the  assistance  of  f  unds  kindly  supplied  by 
the  Government  Grant  Committee  of  the  Royal  Society. 
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LXXXIII. — Behaviour  oj  Solutions  of  Propyl  Alcohol 
towards  Semi-permeahle  Membranes. 

By  Alexander  Findlay  and  Frederick  Charles  Short. 

The  problem  of  the  nature  of  solution  is  one  which  has  during  the 
past  twenty  years  claimed  the  attention  of  many  chemists  and 
physicists,  and  the  phenomena  of  osmosis  and  the  behaviour  of  semi- 
permeable  membranes  hâve  entered  largely  into  its  discussion.  By 
reason  of  the  importance  of  thèse  phenomena  and  their  bearing  on  tbe 
fundamental  nature  of  solution,  the  crucial  experiment  carried  out  by 
S.  U.  Pickering,  and  described  by  him  in  the  follovving  manner, 
seemed  endowed  with  spécial  interest.  Professer  Pickering  states 
(Ber.,  1891,24,3639):  "  Eine  Lusung  von  Alkohol  in  Wasser  (57 
p.  Ct.)  wurde  in  ein  poroses  Gefiiss  gebracht  und  dièses  in  Wasser 
gestellt  ;  es  zeigte  sich,  dass  das  Wasser  in  die  Losung  eintrat.  Das 
porose  Gefiiss  mit  der  Losung  wurde  darauf  in  Alkohol  getaucht  und 
ich  fand,  dass  der  Alkohol  in  die  Losung  eindx^ang.  Das  porose 
Gefâss  war  also  sowohl  fUr  Wasser  als  auch  fur  Alkohol  durchlassig, 
nicht  aber  f  iir  eine  Mischung  beider  FlUssigkeiten  ;  eine  solehe 
Mischung  muss  daher  aus  grosseren  Moleklilen  besteheu  als  jede 
der  reinen  FlUssigkeiten,  vmd  diesem  Umstande  muss  die  Existenz 
des  osmotiachen  Druckes  zngeschrieben  werden,  nicht  aber  der  Un- 
durchlassigkeit  des  Diaphragmas  fUr  die  geloste  Substanz,  wie  man 
bisher  angenommen  bat.  Ich  habe  bis  jetzt  nur  einige  weaige 
vorliiufige  Versuohe  angestellt,  sie  lassen  aber  keinen  Zweifel  liber 
die  in  Bede  stehende  Thatsache." 

In  the  passage  just  quoted,  it  is  stated  that  alcohol  (by  which  one 
would  understand  ethyl  alcohol)  was  employed  ;  but  Professor  Picker- 
ing has  elsewhere  mentioned  (for  example,  Nature,  1897,  55,  224)  that 
the  alcohol  used  was  propyl  alcohol. 

Althovigh  varions  allusions  to  the  above  experiments  are  to  bo 
found  in  the  literature,  no  further  détails  are  given  as  to  the  way  in 
which  the  experiments  were  carried  out  or  as  to  the  height  to  which 
the  liquid  rose  in  the  manometer  (if  one  was  used),  nor  is  it  stated 
whether  the  rise  was  a  temporary  or  a  permanent  one.  The  différent 
références  made  by  Pickering  to  lus  experiments,  also,  vary  with 
regard  to  whether  a  simple  porous  pot  or  a  semi-permeable  membrane 
was  employed.*  Such  being  the  case,  the  importance  attaching  to 
thèse  results  made  it  désirable  to  repeat  the  experiments,  as  far  as 
possible,   especially   with   the   view   of    discovering  whether   similar 

*  Professor  Pickering  has  expkined  to  me  in  a  letter  that  a  porous  pot  ouly  was 
used,  the  porosity  cl'  which  was,  however,  very  small. — A.  F. 
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results  could  be  obtained  witli  other  alcoliols  or  otlier  substances. 
Although,  in  absence  of  ail  expérimental  détails,  we  cannot  be  sure 
that  the  conditions  under  which  we  worked  were  tbe  same  as  tliose 
under  which  Pickering's  experiments  were  carried  out,  we  can  probably 
assume  that  our  experiments  were  at  least  carried  out  in  a  similar 
manner,  and  might  hâve  been  expected  to  yield  similar  results.  It 
may,  however,  be  at  once  stated  that,  working  as  we  did,  we  entirely 
failed  to  obtain  any  confirmation  of  the  anomalous  behaviour  described 
by  Pickering. 

For  our  first  experiments,  which  were  repeated  at  a  later  date  witli 
a  différent  pot,  we  also  made  use  of  a  porous  pot  without  semi- 
permeable  membrane.  The  pots  used  were  ordinary  cylindrical,  white 
clay  pots,  such  as  are  sold  for  battery  purposes,  and  had  a  capacity  of 
about  100  ce,  The  pots  were  not  specially  prepared,  except  that  they 
were  soaked  in  distilled  water,  and  the  air  removed  from  the  pores  by 
réduction  of  pressure.  After  the  pot  had  been  roughly  dried  by 
means  of  filter  paper,  it  was  filled  with  a  solution  of  propyl  alcohol 
(Kahlbaum's  "  commercial  ")  containing  57  per  cent,  of  alcohol  by 
volume,  It  was  then  furnished  with  a  tightly-fitting  india-rubber  bung 
and  an  open  manometer  tube  having  a  bore  of  about  2  mm.  When  the 
pot  with  the  solution  was  placed  in  pure  water  or  in  the  commercial 
propyl  alcohol,  the  liquid  in  the  manometer  tube,  which  stood  initially 
from  one  to  two  feet  above  the  top  of  the  pot,  fell  in  each  case  ;  no 
indication  even  of  a  temporary  rise  was  obtained,  except,  indeed,  in 
one  case  when  air  had  accidentally  got  inside  the  pot. 

As  the  experiments  with  porous  pots  alone  gave  entirely  négative 
results,  it  was  decided  to  employ  a  semi-permeable  membrane,  espe- 
cially  as  Pickering  has  himself  stated  that  a  better  resuit  might  in 
that  case  be  expected.  As  semi-permeable  membrane  we  used  copper 
ferrocyanide,  which,  as  Tammann's  experiments  would  show  {Wiede- 
mann's  Annalen,  1888,  34,  299),  is  semi-permeable  to  an  aqueous 
solution  of  propyl  alcohol. 

A  séries  of  experiments  was  first  of  ail  carried  out  in  duplicate, 
using  two  pots  of  about  170  ce.  capacity,  furnished  with  a  copper 
ferrocyanide  membrane,  prepared  some  time  previously  according  to 
the  directions  given  by  Pfeffer.  The  air  was  removed  from  the  pores, 
as  described  above,  and  the  pots  then  filled  with  a  solution  of  propyl 
alcohol,  furnished  with  a  manometer  tube  and  placed  in  a  beaker 
containing  distilled  water  and  standing  in  a  thermostat  at  25°. 
Although  solutions  of  propyl  alcohol  of  différent  concentration  were 
employ ed,  namely,  10,  30,  70,  and  90  per  cent,  of  alcohol  by  volume, 
the  resuit  was  the  same  in  each  case  ;  when  the  semi-permeable  mem- 
brane was  surrounded  by  water,  the  liquid  in  the  manometer  rose,  and 
continued  to  do  su  until  it  reached  the  top  of  the  tube — a  rise  of  more 
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than  a  mètre.  The  pot  was  generally  allowed  to  stand  in  water  for 
at  least  twenty-four  hours,  sometimes  for  several  days,  during  whicli  time 
the  liquid  continued  to  overflow  from  the  open  end  of  the  manometer 
tube.  The  rise  of  liquid,  therefore,  did  not  seem  to  be  a  temporary 
one.  The  pot  was  then  removed  from  the  water  and  placed  in  propyl 
alcohol.  When  this  was  done  the  liquid  in  the  manometer  began  to 
fall  almost  immediately,  and  after  several  hours  fell  to  the  bottom  of 
the  manometer,  or  even  retreated  within  the  pot.  This  fall  was  in  no 
way  due  to  any  leak  past  the  cork  or  manometer  tube,  since,  when  the 
pot  was  replaced  in  water,  the  liquid  again  rose  in  the  manometer  ; 
and  the  rise  and  fall  could  be  obtained  repeatedly  by  placing  the  pot 
alternately  in  water  and  propyl  alcohol. 

Although  exactly  the  same  results  were  obtained  in  the  duplicate 
experiments,  a  similar  séries  of  experiments  was  also  carried  out  with 
a  third  smaller  pot  which  had  been  furnished  with  a  freshly-prepared 
copper  ferrocyanide  membrane.  The  same  results  were  obtained  as  in 
the  preceding  experiments.  Spécial  experiments  wei'e  also  carried  out 
with  a  75  per  cent,  solution  of  propyl  alcohol,  but  with  no  différent 
resuit. 

As  will  be  seen,  our  results  are  in  no  way  in  harmony  with  those 
obtained  by  Pickering  ;  nor  can  we,  in  conséquence  of  the  uncertainty 
as  to  the  précise  conditions  under  which  those  results  were  obtained, 
offer  any  definite  explanation  of  the  discrepancy. 

Apart,  however,  from  our  failure  to  reproduce  Pickering's  results, 
it  is  somewhat  difficult  to  find  a  theoretical  basis  for  the  possibility  of 
such  results.  Assuming  that  the  rise  of  liquid  which  was  obtained  by 
Pickering  was  only  a  temporary  one,  an  explanation  of  the  behaviour 
might  be  found  ia  différences  in  the  velocity  of  diffusion  of  the  water 
and  propyl  alcohol.  The  discrepancy  between  the  results  obtained  by 
Pickering  and  by  ourselves  might,  then,  be  due  to  différences  in  the 
poi'osity  of  the  pots.  This  appears  to  us  to  be  much  more  plausible 
than  the  explanation  given  by  Pickering,  which  assumes  the  forma- 
tion of  a  molécule  so  large  as  to  be  incapable  of  passing  through  the 
pores  of  the  pot.  The  comparison  of  a  semi-permeable  membrane  with 
a  sieve  may  be  a  legitimate  one  so  long  as  the  membrane  is  semi- 
permeable  and  its  "pores"  are  of  molecular  dimensions;  but  it  is 
difficult  to  imagine  that  this  can  be  the  case  with  what  one  ordinarily 
terms  a  porous  membrane,  the  pores  of  which  are  not  of  molecular  size. 

Another  direction  in  which  one  might  look  for  an  explanation  of 
Pickering's  results  is  in  the  phenomena  of  capillarity.  If  the  walls 
of  the  porous  pot  are  regarded  as  consisting  of  a  large  number  of  very 
minute  capillary  tubes,  a  rise  of  liquid  in  the  pot  might  be  duo  to 
surface  tension  effects.  If  the  surface  tension  of  the  liquid  inside  the 
pot  is  greater  than  that  oubside,  pasàage  of  liquid  from  the  outside  to 
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the  iaside  will  take  place,  and  a  rise  will  therefore  be  obtained  in  the 
manometer  tube.  This  might  account  for  the  rise  in  the  case  where 
the  pot  was  surrounded  with  propyl  alcohol,  the  surface  tension  of 
which  is  less  than  that  of  the  solution,  but  it  would  not  account  for 
the  rise  in  the  case  when  water  was  outside. 

We  are  forced,  therefore,  to  conclude  that  the  anomalous  behaviour 
of  solutions  of  propyl  alcohol  in  water  described  by  Pickei'iug,  unless 
confirmed  by  other  experiments,  is  to  be  accounted  for  most  probably 
(if  the  possibility  of  expérimental  error  is  excluded)  by  différences  in 
the  velociby  of  diffusion.  If  this  be  so,  the  rise  of  liquid  in  the  pot 
could  only  hâve  been  temporary,  and  the  experiment  would  hence  lose 
ail  its  siguificance  for  the  problem  of  solution  (compare  Proc,  1905, 
21,  170). 

Chemical  Department, 

Univeksity  of  Birmingham. 


LXXXIV. — Oxymercuric  Perchlorates    and   the  Action 
of  Alcohol   on   Mercury  Perchlorates. 

By  Masumi  Chikashigé. 

The  following  statements  hâve  already  been  published,  in  part  by 
Serullas  in  1830  and  in  part  by  the  author  in  1895  (Trans.,  67,  1013). 
Mercuric  perchlorate  crystallises  with  six  mois,  of  water,  is  exceed- 
ingly  soluble  in  water,  and  very  déliquescent  ;  it  partly  décomposes  with 
hot  water,  and  loses  both  acid  and  water  when  left  in  a  desiccator. 
Alcohol  couverts  it  into  a  white  basic  compound  and  gives  with  its 
arjueous  solution  an  orange  precipitate  consisting  mainly  of  mercuric 
oxide.  The  white  basic  compound  also  leaves  a  little  mercuric  oxide 
when  acted  on  by  water.  An  apparently  dehnite,  although  amorphous, 
oxymercuric  perchlorate,  OoHg3(C104)o,  is  obtained  by  heating  the 
normal  sait  slowly  to  150°.  Towards  both  water  and  alcohol, 
mei'curous  perchlorate,  which  crystallises  with  four  mois,  of  water, 
behaves  in  somewhat  the  same  way  as  the  mercuric  sait,  except  that 
alcohol  has  no  immédiate  effect  on  its  aqueous  solution.  A  mixture  of 
mercurous  and  mercuric  perchlorates  is  obtained  when  an  alcohol ic 
solution  of  the  mercuric  sait  is  boiled  and  concentrated  by  eA'aporation. 
The  author  has  since  made  a  fuller  and  a  quantitative  examination 
of  the  subject,  the  results  of  which  are  described  in  the  présent  paper. 
Several  new  salts  hâve  been  prepared. 

HydroAed  Oxymercuric  Perchlorate,  01ilg^{Q\0^^,\1^.f>. — If,  instead 
of  just  neutralising  perchloric  acid  with  mercuric  oxide,  the  solution 
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of  the  acid  is  digestecl  with  excess  of  the  oxide  and  then  filtered 
through  asbestos  and  concentrated  by  evaporation  ou  the  water-bath  to 
a  sufficient  extent,  it  will,  wlien  left  in  a  desiccator  to  cool  and 
evaporate,  deposit  prismatic  crystals  resembling  those  of  the  normal 
sait  except  in  being  somewhat  opaque.  Dried  under  cover  on  a  porous 
tile,  the  sait  has  been  found  to  be  veiy  soluble  in  water,  leaving  only  a 
very  little  yellow  mercuric  oxide  undissolved,  but  when  its  solution 
is  evaporated  the  sialt  gradually  décomposes  into  mercuric  oxide  and 
the  normal  perchlorate.  The  mercury  found  in  it  was  48'80  per  cent., 
the  calculated  amount  being  48-76. 

Action  of  'Alcohol  in  the  Cold  on  Mercur>j  Perchlorates. — When 
either  mercuric  or  mercurous  perchlorate  is  treated  with  cold  alcohol, 
most  of  the  sait  goes  into  solution.  The  author  now  doubts  whether 
the  residue  is  basic  to  any  considérable  extent,  or  much  else  than 
anhydrous  or  at  least  dehydrated  normal  sait.  In  the  case  of  the 
mercuric  sait,  the  white  substance  quickly  dissolves  when  the  alcohol 
is  being  heated  to  boiling,  whiist  in  the  case  of  the  mercurous  sait  it 
almost  completely  dissolves  when  boiled  for  a  few  minutes  with  the 
alcohol.  That  both  residues  are  decomposed  when  washed  with  water 
i.s  no  proof  of  their  being  basic,  because  water  itself  décomposes  the 
hydrated  normal  salts  to  some  extent.  It  has  not  been  possible  to  get 
enough  of  the  mercuric  compound  in  a  sufficiently  pure  state  for 
analysis,  but  the  mercurous  compound  has  given  about  63  per  cent,  of 
mercury,  the  calculation  for  anhydrous  mercurous  perchlorate  requiring 
66-8  and  for  the  hydrated  sait  59-6. 

Action  of  Boiling  Alcohol  on  Mercuric  Perchlorate. — On  boiling  the 
solution  of  mercuric  perchlorate  with  alcohol,  the  insoluble  matter  goes 
quickly  into  solution  in  the  manner  just  indicated,  but  its  dissolution 
is  soon  followed  by  the  production  of  a  scanty  flocculent  precipitate, 
which,  on  continuing  the  boiling,  gradually  gives  place  to  a  very  small 
quantity  of  granular  precipitate  rapidly  settling  at  the  bottom  of  the 
flask.  During  the  boiling,  much  aldéhyde  is  produced  and  most  of  the 
mercury  perchlorate  is  changed  into  mercurous  perchlorate,  and  with- 
out  the  foi-mation  of  any  chloride  whatever.  The  change  of  the 
mercuric  into  mercurous  sait  is  never  complète.  After  filtering  from 
the  generally  insignificant  amount  of  precipitated  mercuric  sait?,  the 
addition  of  hydrochloric  acid  gives  quantities  of  mercurous  chloride 
amounting  to  91  to  92  per  cent,  of  the  total  mercury  taken  as  normal 
mercuric  sait,  namely,  35'9,  35"1,  36*2  per  cent.,  as  against  39'45  per 
cent,  in  the  normal  mercuric  sait.  The  rest  of  the  mercury  which 
remains  in  the  motlier  liquor  and  in  the  small  précipitâtes  tiltered  oô' 
is  entirely  in  the  mercuric  state. 

If  the  alcoholic  solution  is  diluted  with  water  and  evaporated, 
it  deposits,  on  cooling,  principally  the  hydrated  mercurous  perchlorate. 
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When,  without  addition  of  water,  the  alcoholic  solution  is  evaporated 
over  briskly  boiling  watei',  the  mex'curous  sait  is  for  the  most  pax't 
decomposed  into  metallic  mercury  and  oxymercuric  perchlorates,  some 
perchloric  acid  no  doubt  remaining  in  the  solution,  for  the  basic  sait  is 
insoluble  in  acids.  "When,  instead  of  proceeding  in  either  of  thèse 
ways,  the  alcoholic  solution  is  evaporated  at  a  gentle  beat,  it  deposits, 
towards  the  end,  needle-shaped  crystals,  coloured  slightly  grey  through 
contamination  with  a  very  little  metallic  mercury.  Some  of  thèse 
crystals  were  weighed  out  for  analysis,  dissolved  in  water,  and  filtered 
from  metallic  mercury.  From  the  clear  solution,  mercurous  chloride 
was  precipitated  and  weighed.  Af ter  removal  of  ail  the  mercury  from 
another  portion  of  the  sait  the  perchloric  acid  was  precipitated  and 
weighed  with  the  usual  précautions  as  potassium  sait. 

10(HgC104)o,Hg(C10,), 
Found  requirea 

CIO4 34-80       —       34-25 

Hg^  —       62-37      62-62 

ïïg"  —        _        3-13 

The  existence  of  10(HgC10jo,Hg(C10^)2  as  an  individual  substance 
is  open  to  doubt,  but  it  may  be  pointed  out  that  Eây  bas  found  that 
mercurous  nitrite,  when  treated  with  water,  deposits  mercury  and  tends 
to  form  the  compound  (HgN02)2,4IIg(N0.2)2,  not  more  than  78  per 
cent,  of  the  mercurous  nitrite  becoming  converted  into  mercuric  nitrite 
(Trans.,  1897,  71,  340). 

Action  of  Boiling  Alcohol  on  Hydrated  Oxymercuric  Perchlorate. — • 
When  hydrated  oxymercuric  perchlorate  is  boiled  with  alcohol,  there  is 
formed,  at  first,  an  abundant  flocculent  precipitate,  but  as  the  boiling 
continues,  this  gradually  gives  place  to  a  granular  precipitate  quickly 
settling  down,  which  is  not  changed  by  longer  boiling  with  alcohol. 
The  mother  liquor  of  thèse  précipitâtes  contains  mucli  mercurous 
perchloi-ate,  thus  resembling  the  solution  obtained  by  boiling  the 
normal  sait  with  alcohol.  The  flocculent  and  the  granular  précipitâtes 
are  distinct  oxymercuric  perchlorates. 

Anhydrous  l/'è-Basic  Oxymevcuric  Perchlorate,  OH^.J^GIO^^. — When 
the  flocculent,  white  precipitate  produced  on  boiling  the  hydrated 
1/3 -basic  oxymercuric  perchlorate  (p.  822)  with  alcohol  appeared  to 
be  close  to  its  maximum  quantity  and  had  not  begun  to  give  place  to 
the  dense  granular  precipitate,  it  was  filtered  off,  washed  well  with 
water,  and  dried  in  a  steam  oven.  It  is  insoluble  in  either  hydrochloric 
or  nitric  acid,  but  is  decomposed  and  dissolved  by  a  mixture  of  the  two. 
Heated  over  the  Bunsen  flame,  it  remaius  unchanged  until  its  tempéra- 
ture reaches  nearly  to  that  of  dull  redness,  when  it  seems  to  burn 
explosively  with  a  feeble  violet  flame  and  leaves    a   red  residue   of 
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mercuric  oxide.  It  behaves,  theiefore,  when  heated,  much  like  mer- 
cury  fulminate,  but  in  a  far  less  violent  way.  The  percentage  of  mer- 
cury  was  found  to  be  60*35,  whereas  theory  requires  5918. 

13-2I3-Basic  Oxyiiiercitric  Perchlorate,  02Hg3(C10^)2. — The  white, 
granular  precipitate,  which  remains  when  the  alcoholic  solution  of  the 
hydrated  1/3-basic  oxymercuric  sait  is  boiled  until  there  is  no  sign  of 
further  décomposition  being  in  progress,  was  collected  and  prepared 
for  examination  in  the  same  way  as  the  foregoing  sait  ;  it  is  called 
the  /3-salt  in  order  to  distinguish  it  from  the  2/3-basic  oxymer- 
curic perchlorate,  described  by  the  author  in  his  lîrst  paper  as  being 
produced  by  heating  the  normal  sait.  Its  analysis  gave  70"73  and  again 
71*15  per  cent,  of  mercury,  whereas  the  calculated  amount  is  72-21. 

In  solubility  in  water  and  single  acids  it  resembles  the  1/3-basic 
sait,  and  in  this  respect  differs  from  the  a-2/3-basic  sait,  which  is 
decomposed  by  water  and  dissolved  by  acids.  Up  to  nearly  a  red 
beat,  the  ^-2/3-basic  sait,  like  the  a-2/3-bAsic  sait  and  the  1/3-basic  sait, 
is  quite  stable.  But  at  about  a  dull  red  beat  it  détonâtes  with  great 
violence  and  entirely  disappears.  The  violence  of  its  détonation  is 
certainly  much  greater  than  that  of  the  détonation  of  an  equal  weight 
of  mercury  fulminate.  A  milligx-am  of  the  sait  shattered  the  end  of  a 
nickel  spatula  on  which  it  was  exploded.  The  a-salt,  on  the  other 
hand,  décomposes  without  the  least  explosion  at  a  température  nearly 
sufficient  to  décompose  mercuric  oxide.  The  ^-salt  also  détonâtes  by 
percussion.  Ordinary  percussion  caps  hâve  been  found  to  detonate 
satisfactorily  when  charged  in  the  usual  way  with  a  mixture  of  3  7  5 
parts  each  of  the  ^-salt  and  potassium  chjorate  to  25  parts  of  antimony 
sulphide. 

Xature  of  the  Action  of  Alcohol  on  ^[ercury  Fer  chlorates. — From  what 
has  been  stated,  it  seems  fairly  certain  that  alcohol  in  the  tirst  place 
removes  the  water  from  the  three  hydrated  salts  :  the  mercuric  and  the 
1/3-basic  oxymercuric  perchlorates  and  the  mercurous  perchlorate  ; 
then  it  acts,  at  a  boiling  beat,  on  mercuric  peixhlorate  as  a  reducing 
agent,  converting  it  into  mercurous  perchlorate  and  perchloric  acid  : 

2Hg(C104)2  +  C,H,0  =  (HgClO,)^  +  2HCIO4  +  C.,H,0. 

The  aldéhyde  and  the  perchloric  'acid  volatilise,  the  latter  possibly  in 
part  as  its  ester,  but  probably  not,  in  accordance  with  Roscoe's  experi- 
ments  as  to  the  behaviour  of  the  acid  with  alcohol  {Proc.  Roy.  Soc, 
1862,  11,  502  j  J.  Chem.  Soc,  1862,  15,  213). 

The  alcohol  evidently  acts  in  such  a  way  on  the  1/3-basic  oxymer- 
curic sait  as  to  résolve  it  into  normal  mercuric  and  ^-2/3-basic  oxy- 
mercuric perchlorates  ;  then  by  réduction  the  alcohol  converts  most  of 
the  former  into  perchloric  acid  and  mercurous  perchlorate,  in  the 
manner  just   shown.      The   very   slight   production    of    oxymercuric 
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perchlorate  when  the  alcoholic  solution  of  either  mercuric  or  mercurous 
perchlorate  is  boiled  is  certainly  to  be  attributed  to  hydrolysis  ;  at 
the  same  time,  the  mercurous  sait  becomes,  although  to  a  small 
extent  only,  resolved  into  métal  and  mercuric  sait. 

In  conclusion,  the  author  wishes  to  express  his  wai'mest  thanks  to 
Dr.  Edward  Divers  for  undertaking  the  thorough  revision  of  the 
paper, 

Impeki.^l  Ukiveksity  of  Kyoto,  Japaît. 


LXXXV. — Studics  in  the  Camphane  Séries.     Part  XX. 
Camphorylazoimide. 

By  Martin  Onslow  Forster  and  Hans  Eduard  Fierz. 

By  their  investigation  of  semicarbazide,  Thiele  and  Stange  showed 
{Ber.,  1894,  27,  31,  and  Ânnalen,  1894,  283,  1)  that  a  solution  of  the 
hydrochloride,  when  treated  with  sodium  nitrite,  yields  carbaminoazo- 
imide, 

NH2'C0'NH-NH.  +  HNOg  -  NH2'C0-N<y  +  2H,0. 

In  view  of  the  tertiary  character  of  the  nitrogen  atom  to  which  the 
amino-group  in  camphoryl-i//-semicarbazide  is  attached  (compare  this 
vol.,  p.  722),  the  possibility  of  obtaining  camphoi-ylazoimide  by  the 
action  of  nitrous  acid  appeared  somewhat  remote.  Nevertheless,  we 
find  that  sodium  nitrite,  when  added  to  an  aqueous  solution  of  cam- 
phoryl-i/^-semicarbazide  nitrate,  causes  the  immédiate  précipitation  of 
camphorylazoimide,  owing  to  simultaneous  élimination  of  cyanic  acid  : 

^«"i^<C(OH)-NH>^^  +  HNO,  =  C3H,,<V^'^^  +  HNCO  +  2H,0. 

In  seeking  for  the  explanation  of  this  change,  it  is  necessary  to 
recall  the  behaviour  of  diazoguanidine  nitrate,  which  bas  been  shown 
by  Thiele  {Anyialen,  1892,  270,  1)  to  yield  cyanamide  and  azoimide 
under  the  influence  of  alkalis  : 


H-N -C:NHi 

t    M    I 

N-i-NO,     H-i-NH     : 
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It  is  not  unlikely  that  the  action  of  nitrous  acid  on  camphoryl-i/^ -semi- 
car  bazide  nitrate  involves  the  momentary  production  of  a  diazo-deriv- 
ative,  from  which  camphorylazoimide  wovild  arise  by  eliminating  nitric 
and  cyanic  acids  : 

/CH N i-CO    : 

N 

N 


\ 


/ 


OH   NO. 


-NH 


Attempts  to  isolate  this  compound,  which  would  correspond  to  the 
extraordinarily  stable  diazoguanidine  nitrate,  hâve  not  been  successful. 
The  alternative  explanation  which  suggests  itself  is  not  supported 
by  facts.  It  might  be  supposed  that  when  concentrated  nitric  acid 
acts  on  acétone  camphoryl-i^-semicarbazone,  the  sait  produced  is  the 
nitrate  of  normal  camphorylsemicarbazide, 

^,  ^  ^CH-N(NH,)-CO-NH2,HN03, 
^s^i^^CO 

corresponding  to  Rupe's  camphorylcarbamide,  because  we  hâve  already 
shown  that  whilst  alkalis  transform  the  last-named  substance  into 
camphoryl-i/'-carbamide,  the  converse  change  is  brought  about  by  acids. 
If  the  same  relationship  connected  the  semicarbazides,  the  nitrate 
obtained  from  acétone  camphoi'yl-i/'-semicarbazone  should  yield  with 
aldéhydes  a  séries  of  semicarbazones  distinct  from  those  described  in 
our  préviens  communication  (this  vol.,  p.  727),  ail  of  which  were  pre- 
pared  from  the  acetic  acid  solution  of  freshly  reduced  camphorylnitroso- 
i//-carbamide.  This,  however,  is  not  the  case.  A  spécimen  of  benzyl- 
idene  camphoryl-i/^-semicarbazone  has  been  prepared  from  benzaldehyde 
and  camphoryl-i/'-semicarbazide  nitrate,  and  found  to  be  identical  with 
the  substance  already  described  {loc.  cit.). 

Although  i-eadily  fusible,  camphorylazoimide  ci-ystallises  with 
Unusual  ease  ;  its  behaviour  when  superheated  resembles  that  of 
phenylazoimide  and  its  ^^-nitro-derivative,  energetic  décomposition 
taking  place  without  actual  détonation.  An  unusual  feature  is  its 
failure  to  yield  hydrazoic  acid  with  alkalis  or  acids,  but  it  must  be 
remembered  that  whilst  the  acylazoimides  readily  yield  hydrazoic  acid 
on  hydrolysis,  phenylazoimide  resists  the  action  of  acids  and  alkalis, 
yielding  diazoimide  only  when  converted  into  the  ;>nitro-derivative  ; 
with  this  in  mind,  we  hâve  tried  to  prépare  substituted  camphorylazo- 
imides,  hitherto  without  success.  Moreover,  the  substance  under  dis- 
cussion represents  a  type  of  azoimide  distinct  from  that  of  hippuryl- 
azoimide,  phenylazoimide,  benzylazoimide,  and  the  recently  described 
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methylazoimide  (Dimroth  and  Wislicenus,  Ber.,  1905,  38,  1573), 
attachment  of  tho  azoic  nucleus  in  camphorylazoimide  occurring  at  a 
Carbon  atom  which  forms  the  unit  of  a  fully  hydrogenated  cycloid 
instead  of  an  open  chain  or  a  benzène  ring. 

In  other  respects,  however,  the  behaviour  of  camphorylazoimide 
agrées  with  that  of  other  nitrides.  Réduction  with  zinc  and  acetic 
acid  gives  rise  to  aminocamphor,  and  a  solution  of  stannous  chloride 
in  hydrochloric  acid  libérâtes  two-thirds  of  the  azoic  nitrogen,  as  in 
the  case  of  carbaminoazoimide  (Thiele  and  Stange,  Annalen,  1894, 
283,  1)  : 

The  same  proportion  of  nitrogen  is  eliminated  when  alcoholic  alkalis 
act  on  the  substance,  the  product  consisting  of  a  new  compound, 
a-iminocamphor  : 

This  curious  change,  which  takes  place  qitantitatively,  recalls  the 
behaviour  of  benzylazoimide  toAvards  acids,  Curtius  and  Darapsky 
having  shown  (/.  p*.  Chem.,  1901,  ii,  63,  428)  that  among  other 
products  benzaldehyde  and  ammonia  are  formed,  doubtless  arising 
from  the  intermediate  imiuo-compound,  C,-,H5"CH!NH. 

It  will  be  obierved  that  a-iminocamphor  is  the  monoimine  of 
camphorquinone,  and,  as  would  ba  foreseen  from  the  récent  work  of 
Willstàtter,  Eugen  Meyer,  and  Pfannenstiel  {Ber.,  1904,  37,  1494 
and  4605),  the  solid  substance  is  highly  unstable.  A  few  minutes 
after  being  spread  on  porous  earthenware  it  undergoes  spontaneous 
change,  which  takes  place  suddenly  if  the  material  is  pressed  together 
in  a  compact  mass  ;  at  the  same  time,  white  fumes  are  evolved,  and 
considérable  rise  of  température  occurs.  a-Iminocamphor  is  in- 
diffèrent towards  alkalis,  but  is  readily  soluble  in  dilate  acids,  which 
résolve  it  quantitatively  into  camphorquinone  and  ammonia  : 

It  was  expected  that  hydrogen  peroxide  would  transform  imino- 
camphor  into  isonitrosocamphor,  Haase  and  Wolffenstein  having 
shown  {Ber.,  1904,  37,  3228)  that  the  product  from  piperidine  and 
hydrogen  peroxide,  previously  regarded  as  8-aminovaleraldehyde, 
consists  of  piperidine  oxide,  C5H^^JN•0H  or  CsKj^NHiO,  but  although 
the  empirical  resuit  in  both  cases  is  the  same,  namely,  addition  of  an 
oxygen  atom,  a-camphornitrilic  acid  is  produce  1  instead  of  /sonitroso- 
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oamphor.     We   suspect  this  change  to  dépend   on  the  intermediate 
formation  of  the  ^jsewfZo -modification  of  tsonitrosocamphor, 


^,  „  ^C:NH        ^     nxT  ^C=N — -OH 


C(OH)-OH 


Attempts  to  isolate  this  compound  in  the  foi'm  of  its  colourless 
benzoyl  derivative  hâve  been  unsuccessful. 

Although  a-iminocamphor  is  so  extremely  prone  to  change,  it  may 
be  arrested  in  the  form  of  a  stable  carbamide  by  adding  the  calculated 
amount  of  bornylcarbimide  to  a  solution  of  the  freshly-prepared 
substance  in  light  petroleum.  The  derivative  thus  obtained  can  be 
recrystallised  and  heated  considerably  above  100°  without  under- 
going  altération,  but  hot  dilute  acids  résolve  it  into  camphorquinone 
and  bornylcarbamide.  It  is  interesting  to  compare  the  spécifie  rotatory 
power  of  the  new  compound  with  that  of  camphorylboruylcarbamide 
(this  vol.,  p.  120),  from  which  it  differs  only  by  the  possession  of  one 
double  linkage  : 

ÇH-NH-CO-NH-C\oH,,  ÇIN-CO-NH-C^oH,, 

s-Camphorylbornylcarbaniide.  Bovnylearbiminocamphor. 

[a]p  28-6°.  [a]r,  153-8°. 

It  remains  to  be  mentioned  that  although  camphorylazoimide  is 
precipitated  on  adding  sodium  nitrite  to  an  aqueous  solution  of 
camphoryl-i/^-semicarbazide  nitrate,  the  action  takes  a  différent  course 
when  the  acétate  is  the  sait  employed  ;  in  présence  of  a  slight  excess 
of  acetic  acid,  nitrous  oxide  is  liberated  and  crystals  of  camphoryl-i/^- 
carbamide  separate  : 

^^^^*<C(OH).NH>^^' 

Thiele  also  (loc.  cit.)  observed  that  aminoguanidine  nitrate  behaved 
diffei-ently  from  the  acétate  towards  sodium  nitrite,  but  the  libération 
of  nitrous  acid  was  not  recorded. 
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Expérimental. 

,CH-N 


CamphorylazQimide,  C'gH^^<^ 


CO 


Thu'ty-five  graras  of  cavnphQryl-i^-semicarbazide  nitrate  were  dis- 
solved  in  200  ce.  of  water,  and,  the  solution  having  been  cooled  with 
ice,  8  grams  of  sodium  nitrite  crystals  were  added  in  snaall  quantities. 
Tux'bidity  was  developed  immediately,  but  no  évolution  of  gas  occurred 
at  the  outset.  When,  roughly,  one-half  the  niti-ite  had  been  added,  a 
white,  crystalline  precipitate  was  formed,  and  the  transparent,  gummy 
mass  which  had  previously  accumulated  began  to  harden  ;  simul- 
taneously,  the  pungent  odour  of  cyanic  acid  became  perceptible,  and 
towards  the  end  of  the  reaction  disengagement  of  this  gas  became 
quite  brisk.  Af  ter  an  houi-,  the  substance  was  filtered  and  dried,  the 
yield  being  90  per  cent,  of  the  theoretical  amount  ;  the  neutx'alised 
filtrate,  when  concenti-ated  on  the  water-bath,  developed  thevivid  bliie 
coloration  with  cobalt  nitrate  in  acetic  acid  which  is  characteristic  of 
cyanates. 

Camphorylazoimide  crystallises  from  alcohol  in  ti-ansparent,  hexa- 
gonal prisms,  which  usually  become  aggregated  in  lustrons  plates  ;  it 
melts  at  67°,  and  when  heated  in  a  dry  tube  décomposes  suddenly 
without  exploding,  If  protected  from  light,  the  freshly  crystallised 
substance  retains  its  lustre  indefinitely,  but  a  few  minutes'  exposure  to 
sunlight  renders  the  crystals  dull  and  opaque. 

0-1830  gave  0-41 63  CO2  and  0-1 334  H.3O.     C  =  6204;  H  =  8-10. 

01574     „     29-9  ce.  of  nitrogen  at  20°  and  762  mm.     N  =  21-79. 

CjoH^sONg  requires  C  -  62-17  ;  H  =  7*77  ;  N  =  21-76  per  cent. 

The  substauce  is  readily  volatile  in  steam,  the  vapour  having  a 
pleasant  camphor-like  odour  ;  it  does  not  reduce  Fehling's  solution  or 
ammonit^cal  silver  oxide,  and  bromine  appears  to  hâve  no  substituting 
aption.  It  is  moderately  soluble  in  boiling  water  and  in  cold  absolute 
alcohol,  dissolving  fx"eely  in  ethyl  acétate,  acétone,  and  light  petroleum. 
Déterminations  of  rotatory  power  were  carried  out  in  a  2-dcm.  tube, 
25  ce  of  sol  vent  being  employed  in  each  case. 

0-2608  gram  in  benzène  gave  aj,  -  7°20',  whence  [aju  -  351-5°. 
0-2602     „     in  absolute  alcohol  gave  a^  -  5°55',  whence  [ajo  -  284-2°. 
•    0-2610     „     in  acétone  gave  a^  -  5°50',  whence  [aj^  -  279-4°. 
0-2589     „     in  chloroform  gave  a^  -  5°6',  whence  [a]o  -  246-2°. 

Ail  attempts  to  obtain  azoimide  from  the  camphoryl  derivative  bave 
been  fruitless.     The  substance  was  treated  with  boiling   20  per  cent, 
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sulphiiric  acid  under  a  reflux  condenser,  to  the  upper  end  of  which 
were  attached  bulbs  containing  aqueons  sodium  hydroxide  ;  there  was 
no  trace  of  sodium  nitride  after  one  hour,  and  50  par  cent,  sulphurio 
acid  merely  chari'ed  the  material  without  eliminating  hydrazoic  acid. 
In  neither  case  was  there  any  sign  of  camphorquinone,  but  this  sub- 
stance is  quickly  formed  when  camphorylazoimide  is  heated  with 
dihite  aqueous  sodium  hydroxide  ;  hydrazoic  acid  cannot  be  detected 
in  the  alkaline  liquid,  however.  Equally  unsuccessful  were  experi- 
ments  in  which  the  compound  was  heated  in  sealed  tubes  with  aqueous 
and  alcoholic  solutions  of  silver  nitrate;  in  both  cases,  silver  was  de- 
posited,  unaccompanieil  by  silver  nitride. 

Redtiction  with  Zinc  and  Acetic  Acid.—^Thvee  grams  of  the  azoimide 
were  dissolved  in  30  ce.  of  glacial  acetic  acid  and  treated  with 
5  grams  of  zinc  dust  ;  after  12  houi's,  the  liquid  was  heated  on  the 
water-bath,  filtered,  and  treated  with  excess  of  potassium  hydroxide, 
which  precipitated  aminocamphor.  The  base  was  identified  by  con- 
version into  camphorylcarbamide,  which  was  then  transformed  into 
the  characteinstic  carbimide. 

Action  of  Slannoiis  Chloride. — Camphorylazoimide  is  not  much  more 
soluble  in  hydrochloric  acid  than  in  water,  but  on  adding  stannous 
chloride,  minute  bubbles  of  gas  appear,  effervescence  continuing  during 
a  considérable  period  if  the  liquid  remains  at  the  ordinary  température  ; 
ultimately  the  substance  dissolves  completely,  forming  a  colourless 
solution,  Using  weighed  quantities,  it  is  found  that  two  thirds  of  the 
total  niti'ogen  is  libeiuted  in  the  change, 

0-2477  gave  31-9  ce.  of  nitrogen  at  25°  and  773  mm.     N=  14-64. 
Cj^Hj-ONa  requires  2/3N=^  14-51  per  cent. 

In  order  to  identify  the  other  product,  3  grams  of  the  azoimide 
suspended  in  20  ce  of  concentrated  hydrochloric  acid  were  treated 
with  5  gi'ams  of  stannous  chloride.  The  oily  base  liberated  by  excess 
of  potassium  hydroxide  was  extracted  with  ether,  dried  with  solid 
potash,  and  precipitated  in  the  form  of  carbonate,  which  was  then 
transformed  into  Rupe's  camphorylcarbamide,  and  finally  into  the 
carbimide. 

Action  of  Concentrated  Sulphuric  Acid. — When  the  azoimide  is 
dropped  into  concenti^ated  sulphuric  acid,  a  very  violent  change  takes 
place,  nitrogen  being  set  free  suddenly,  with  considérable  rise  of 
temperatui-e,  whilst  the  acid  solution  remains  clear,  but  does  not 
become  yellow.  On  repeating  the  experiment  with  weighed  quantities 
in  a  closed  vessel  communicating  with  a  nitrometer,  the  proportion  of 
nitrogen  evolved  was  found  to  be  the  same  as  when  stannous  chloride 
acts  on  the  substance. 
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0-2328  gave  28-6  ce.  of  nitrogen  at  22°  and  770  mm.     N  =  U-10. 
CjoHijONg  requires  2/3N  =  14-51  per  cent. 

We  hâve  not  identifîed  the  other  products. 

,c:nh 

Wlien  aqueous  potassium  hydi-oxide  is  added  to  an  alcoholic  solution 
of  camphorjlazoimide,  a  vigorous  action  takes  place  accompanied  by 
brisk  effervescence  ;  if  the  colourless  liquid  is  evapoi'ated,  it  becomes 
pale  yellow,  and  dilution  pi^ecipitates  an  oil  which  quickly  solidifies. 
This  product  is  soluble  in  hot  water,  and  dissolves  freely  in  cold 
alcohol  ;  it  does  not  reduce  Fehling's  solution  or  ammoniacal  silver 
oxide,  but  the  aqueous  solution  becomes  yellow  immediately  on  adding 
a  few  drops  of  dilute  sulphuric  acid,  the  development  of  colour  being 
rapidly  folio wed  by  the  formation  of  a  bulky  precipitate  of  camphor- 
quinone,  the  fîltrate  from  which  contains  ammonium  sulphate. 
Complète  removal  of  nitrogen  from  camphorylazoimide  can  be  effected, 
therefore,  in  two  stages,  each  of  which  is  reached  quantitatively,  A 
tube  containing  a  weighed  amount  was  enclosed  in  a  wide-mouthed 
bottle  placed  in  communication  with  a  nitrometer  filled  with  water  ; 
on  tilting  the  bottle,  which  contained  alcoholic  potassium  hydroxide, 
the  volume  of  gas  produced  could  be  measured. 

0-3045  gave  39-6  ce.  of  nitrogen  at  23°  and  762  mm.     N  =  14-62. 

0-3357     „     43-3  ce         „         „       23°    „    762  mm.     N  =  14-50. 

CiQÏljjONg  requires  2/3N  =  14-51  per  cent. 

In  order  to  estimate  the  nitrogen  removed  during  the  second  stage 
of  the  décomposition,  a  weighed  quantity  of  camphorylazoimide  was 
dissolved  in  ether  and  allowed  to  float  on  a  few  ce  of  a  50  per  cent, 
aqueous  solution  of  pure  sodium  hydroxide  in  a  small  separating  f  unnel  ; 
on  adding  a  few  drops  of  absolute  alcohol,  a  vigorous  action  ensued, 
and  when  this  had  subsided  the  alkali  was  removed.  The  ethereal 
solution  of  iminocamphor  was  agitated  with  dilate  hydrochloric  acid, 
becoming  bright  yellow  in  conséquence.  On  evaporating  the  acid 
solution,  a  residue  of  ammonium  chloride  was  obtained,  and  from  this 
the  platinichloride  was  prepared  as  usnal. 

0-5213  gram  azoimide  gave  0-2380  Pt.     N  =  6-58. 
0-3472     „  „  „     0-1689  Pt.     N  =  7-01. 

C'ioHjj^ONg  requires  l/3N  =  7-25  per  cent. 

The  ethereal  solution  deposited  camphorquinone  on  evaporation. 

Although  thèse  experiments  leave  but  little  doubt  regarding  the 
identity  of  the  product  from  camphorylazoimide  and  alcoholic  alkali. 
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a-iminocamphor  is  so  unstable,  and  so  sensitive  to  the  'action  of  acids 
and  of  air,  that  it  is  not  possible  to  obtain  it  in'purifîed  form.  The  com- 
pound  can  be  isolated  by  dissolving  2  or  3  grams  of  camphorylazoimide  in 
pure  ether,  adding  50  per  cent,  aqueous  potassiixm  hydroxide,  and  then 
sufRcient  absolute  alcohol  to  begin  the  action  ;  when  gas  is  no  longer 
evolved,  the  colourless  ethereal  solution  is  decanted  through  a  dry 
filter  and  quickly  evaporated.  On  adding  water  to  the  oily  residue, 
a-iminocamphor  is  obtaioed  as  a  crystalline  paste,  which  quickly  dries 
on  poroua  earthenware  ;  it  is  then  only  very  pale  yellovv,  and  easily 
crumbled,  but  soon  becomes  bright  yellow  and  cohesive.  No  definite 
melting  point  can  be  recorded  ;  a  freshly  prepared  spécimen,  almost 
free  fx-om  colour,  melted  at  50 — 60°,  and  it  bas  been  generally  noticed 
that  the  bright  yellow  substance  into  which  it  changes  melts  at 
120 — 130°.  One  spécimen  was  analysed  immediately  after  isolation, 
and  subsequently  at  intervais  of  one  day  and  two  days,  with  the 
foUowing  results  ; 

0-1804  gave  0-4554  CO^  and  0-1528  H,0.  0  =  68-84;  H  =  9-41. 
0-1553  „  0-3883  OO2  „  0-1295  H2O.  0  =  68-19  ;  H- 9-26. 
0-1782     „     0-4300  00,    „    0-1443  H^O.     0-66-94  ;  H-9-26. 

OjoHj.ON  requires  0  =  72-72  ;  H  =  9-02  per  cent. 

CioHjAN      „        0  =  66-30;  H  =  8-28    „      „ 

The  spontaneous  change,  therefore,  appears  to  involve  addition  of 
oxygen,  and  although  the  bright  yellow  colour  of  the  product  suggests 
the  formation  of  camphorquinone,  an  intensely  yellow  spécimen  which 
had  remained  during  8  days  in  a  desiccator  containing  calcium  chloride 
and  potassium  hydroxide  gave  an  amount  of  nitrogen  corresponding 
to  7-74  per  cent.  (Oj^H^rOgN  requires  N  =  7-73  per  cent.). 

On  adding  ethereal  ferrie  chloride  to  a  fi'eshly  prepared  solution  of 
iminocamphor,  a  brown  coloratioii  is  developed,  followed  ajmost 
immediately  by  a  brown  precipitate  of  ferxùc  hydroxide  mixed  with 
camphorquinone. 

The  spécifie  rotatory  power  of  a-iminocamphor  was  deterrained  by 
dissolving  a  weighed  quantity  of  camphorylazoimide  in  light  petroleum, 
allowing  the  solution  to  float  on  50  per  cent,  potassium  hydroxide, 
and  adding  2  drops  of  absolute  alcohol,  évolution  of  nitrogen  continu - 
ing  during  one  hour;  Avhen  this  had  ceased,  the  alkali  was  removed, 
and  the  filtered  petroleum,  which  was  practically  colourless,  diluted  to 
a  measured  volume.  Thus  iminocamphor  from  0-7984  gi-am  of 
camphorylazoimide,  dissolved  in  50  ce.  of  light  petroleum,  gave  ao  2°30' 
in  a  2-dcm.  tube,  whence  [a]o  91-5°.  One  attempt  to  détermine  the 
spécifie  rotatory  power  of  the  freshly  isolated  a-iminocamphor  failed 
because  the  substance  became  hot  and  emitted  white  fumes  while  on 
th©    balance-pan;    on   another  occasion,    0-4154   gram   dissolved    in 
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25  ce.  of  absolute  alcohol  gave  ap  2°35'  in  a  2-dcm.   tube,   whence 
[aJD  77-8^ 

Action  of  Hydrogen  Peroxide. — A  neutral  solution  of  hydrogen 
peroxide  was  agitated  with  an  ethereal  solution  of  a-iminocamphor  ; 
rise  of  température  took  place,  but  no  development  of  colour  occurred. 
On  removing  the  ethereal  portion  and  evaporating  the  solvent, 
a-camphornitrilic  acid  was  obtained  ;  it  melted  at  1 48°,  and  did  not 
depress  the  melting  point  of  a  spécimen  prepared  from  isonitroao- 
camphor. 

0-1737  gave  0-4221  CO^  and  0-1355  H.O.     C  =  66-26  ;  H  =  S-66. 
CjoH^jOgN  requires  0  =  66-29  ;  H  =  8-28  per  cent. 

It  was  Iwped  that  the  intermediate  stage  in  this  curions  change 
might  be  recognised  by  drawing  air  through  a  suspension  of  imino- 
caniphor  in  water  during  several  days.  On  filtering  the  bright 
yellow  product  at  the  end  of  one  week,  the  liquid  was  found  to  be 
indiffèrent  towards  Fehling's  solution  and  ammoniacal  silver  oxide, 
giving  ammonia  with  alkali  ;  the  yellow  solid  still  contained  4  per 
cent,  of  nitrogen,  but  it  has  not  been  possible  to  obtain  fi^om  it 
the  "  colourless  benzoyl  derivative  of  zsûnitrosocamphor." 

p        ;      ;•    •  ;       r.TT  /CiN-CO-NÏÏ-Ci.Hi, 

Bornylcarbiminocamphor,  Ogidj^*^  ' 

Two  grams  of  oamphorylazoimide  were  dissolved  in  30  ce.  of  light 
petroleum  and  the  solution  allowed  to  float  on  concentrated  aqueous 
potassium  hydroxide  ;  conversion  into  a-iminocamphor  having  been 
effected  in  the  manner  deseribed,  the  filtered  petroleum  solution  was 
treated  with  1-8  grams  of  bornylcarbimide  and  transferred  to  a 
desiccator.  No  altération  in  the  température  or  appoarance  of  the 
solution  was  noticeable,  but  within  one  hour,  minute  white  needles 
appeared,  aeeumulating  during  12  hours  until  3-2  grams  were  obtained. 
After  being  washed  with  petx'oleum,  the  substance  melted  at  205' 
becoming  bright  yellow  at  about  190°. 

0-1319  gave  0-3534  002  and  0-1144  HgO.     0  =  7307;  H  =  9-63. 

0-1868     „     13-8  ce  of  nitrogen  at  24°  iind  765  mm.     N  =  8-34. 

OgiHgoOoN,  requires  0  =  73-25  ;  H  =  9-30  ;  N  =  8-14  per  cent. 

The  following  déterminations  of  rotatory  power  were  carried  ont 
in  a  2-dcm.  tube,  25  ce.  of  the  solvent  being  employed  in  each  case. 

0-3332  gram  in  chloroform  gave  a^  4°6',  whence  [aj^  153-8°. 
0-2988      „         benzène  „      a^  3°9',        „       [ajo  131-8°. 

0-3513      .,         acétone  „     a^,  3°24',      „        [ajo  121-0°. 

0  2318      „         alcohol  „     ud  2=1',        „       [a]^  108-7°. 
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The  substance  dissolves  readily  in  the  foregoing  liquids,  more 
sparingly  in  boiling  light  petvoleum,  from  which  it  erystallises  in 
silky  needles,  whilst  hot  concentrated  alcoholic  solutions  deposit 
lustrons  prisms  which  hâve  a  faint  yellow  colour  ;  it  transmits  yellow 
light,  and  the  solutions  in  oi'ganic  média  are  bright  yellow.  On  adding 
a  few  drops  of  dilute  sulphuric  acid  to  an  alcoholic  soliition,  the  yellow 
colour  disappears,  being  restored  in  a  more  intense  shade  on  boiling 
the  liquid,  from  which  caniphorquinone  séparâtes  on  cooling. 

Action  of  Nitrous  Acid  on  Camphoryl-xp-semicarhazide  in  Acetic  Acid. 

The  slightly  acid  solution  of  camphoryl-i/^-semicai'bazide  obtained  by 
reducing  the  nitroso-i/^-carbamide  with  zinc  and  acetic  acid  effervesced 
slowly  when  treated  with  sodium  nitrite,  and  a  white,  crystalline 
pi'ecipitate  separated  ;  this  was  filtered  and  recrystallised  from  boiling 
water,  which  deposited  lustrons,  white  needles,  melting  and  evolving  gas 
at  194°,  and  yielding  the  nitroso-compound  already  described  (this  vol., 
p.  116).  The  tempei'ature  is  6°  higher  than  that  recorded  as  the 
melting  point  of  the  i/^-carbamide,  doubtless  owing  to  a  ti'ace  of  the 
normal  modification  in  spécimens  previously  obtained.  In  fact,  the 
difficulty  of  completely  ti^an.sforming  the  josetiJo-carbamide  into  the 
isomeride  is  greater  than  we  thought  at  first  ;  so  much  so,  that  the 
apparent  production  of  camphor3dcarbimide  by  the  action  of  hot  water 
on  camphorylnitroso-i/'-carbamide  must  now  be  recognised  as  due  to 
traces  of  the  normal  carbamide  in  the  material  snbmitted  to  the  action 
of  niti'ûus  acid. 

It  has  not  been  difficult  to  identify  the  gaseous  product  as  nitrous 
oxide,  and  in  order  to  ascertain  whether  the  action  proceeds  quantita- 
tively  on  the  lines  indicated  by  the  équation  already  given,  the  gas 
obtainable  from  10  c,c.  of  solution  was  measured,  and  the  pseudo- 
semicarbazide  présent  in  the  same  volume  of  liquid  was  determined  by 
weighing  in  a  Gooch  crucible  the  semicarbazone  preeipitated  by 
benzaldehyde. 

10  ce.  gave  0-3970  gram  of  semicarbazone.  Available  N=r78 
grams  per  litre. 

10  ce.  gave  32*4  ce.  of  niti'ous  oxide  at  24°  and  7G2  mm. 
Available  N  =  l*82  grams  per  litre. 

Thèse  results  are  in  sufficiently  close  agreement  to  show  that  ail  the 
available  nitrogen  is  removed  in  the  form  of  nitrous  oxide. 

RoyAL  Collège  of  Science,  London, 
South  Kensington.  S.W. 
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LXXXVI. — The  Action  of  Magnésium  Metliyl  lodide  on 
Pinene  Nitrosochloride, 

By  William  Augustus  Tilden  and  Joseph  Arthur  Stokes,  B.Sc. 

WiTH  the  object  of  further  studying  pinene  nitrosochloride  and  tbe 
circumstances  in  which  the  nitroso-derivatives  of  pinene  retain  the 
bimolecular  constitution,  it  was  thought  that  some  interest  wonld 
attach  to  the  replacement  of  the  chlorine  of  the  nitrosochloride  by 
an  alkyl  gronp.  For  this  pnrpose,  the  use  of  Grignard's  reagent  at 
once  suggested  itself,  and  the  anticipated  reaction  bas  been  accom- 
plished.  The  resulting  oxime  possesses  well  developed  basic  properties, 
as  it  readily  forms  a  stable  hydrochloride.  The  proportions  of 
materials  employed  and  the  conditions  of  experiment  hâve  been  varied 
in  successive  opei-ations,  but  the  yield  of  the  oxime  remains  very  small, 
amounting  to  less  than  10  per  cent,  of  the  nitrosochloride  used.  The 
by-products  are  chiefly  uncrystallisable  and  become  brown  on  exposure 
to  the  air.  They  include,  however,  a  notable  quantity  of  an  interest- 
ing  saturated  base  produced  by  the  interaction  of  the  magnésium 
alkyl  iodide  with  the  oxygen  of  the  nitroso-group,  the  chlorine  of  the 
nitrosochloride  remaining  undisturbed.  The  products  are  represented 
by  the  foUowing  formulte  : 

Pinene  ^Metliylpinone- 

nitrosochloride.  oxime. 

OH,  ÇH3 

Bimolecular.  Unimolecular. 


The  saturated  base,  ehlorhj'drodi- 
methylpinylamine. 

CCI 

^^'^i2)"<ijj«N(CH3)2 
Unimolecular. 

The  unimolecular  constitution  of  this  base  appears  to  dispose  of  any 
idea  that  the  two  molécules  of  which  the  nitrosochloride  consists  ai^e 
united  by  the  chlorine  as  well  as  by  the  nitroso-group  présent  in  each. 
If  the  chlorine  atoms  formed  a  part  of  the  link  ifc  might  be  expected 
that  the  base,  which  retains  the  chlorine  atom,  would  be  similarly 
bimolecular. 

The  chlorinated  base  readily  parts  with  the  éléments  of  hj'drogen 
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chloride,  yielding  an   uubaturated   base   which   is   identical   with  di- 
methylpinylamiDe, 

It  is  remarkable  that  the  chlorine  of  the  chloriiiated  base  is  not 
exchangeable  for  methyl  by  the  further  action  of  the  magnésium 
methyl  iodide  used  in  excess,  even  at  a  température  exceeding  100^. 
This  is  a  further  example  of  the  mutual  influence  of  the  groups 
occupying  the  ortho-position  in  thèse  compounds,  which  is  indicated 
also  by  the  effect  produced  by  the  chlorine  atom  in  preventiug  the 
conversion  of  the  neighbouring  nitroso-group  into  the  oxime  form 
(compare  Trans.,  1904,  85,  764). 

Expérimental. 

A  solution  of  magnésium  methyl  iodide  in  ether  was  tirst  prepared 
by  mixing  together  35  grams  of  magnésium  powder,  25  grams  of 
methyl  iodide,  and  75  ce.  of  dry  ether.  The  clear  solution  was  then 
added  in  small  quantities  to  15  grams  of  pinene  nitrosochloride  made 
into  a  thin  paste  with  dry  ether.  After  standing  at  the  ordinary  tem- 
pérature some  twelve  hours,  the  mixture  was  heated  to  the  boilihg 
point  of  the  ether  for  about  an  hour.  A  small  quantity  of  alcohol  was 
then  added,  and  the  precipitated  magnésium  hydroxide  dissolved  by 
adding  a  strong  aqueous  solution  of  ammonium  chloride.  After 
evaporating  off  the  ether,  the  residual  viscid  substance  was  washed 
with  cold  water  and  was  then  redissolved  in  ether  and  shakèn  in  a 
separating  funnel  with  a  small  quantity  of  very  dilute  hydrochloric 
acid.  The  ethereal  and  acid  solutions  were  then  separated.  The 
former  on  addition  of  light  petroleum  gave  a  white,  crystalline  precipi- 
tate  which  proved  to  be  the  oxime. 

The  acid  solution,  rendered  slightly  alkaline  by  caustic  potash  and 
extracted  with  ether,  yielded  large,  thick,  rhombic  prisms  melting  at 
122°  and  consisting  of  the  chlorinated  base. 

The  by-products  from  both  ethereal  solutions  were  viscid  and  yellow 
substances,  darkening  on  exjiosure  to  the  air,  from  which  nothing 
definite  could  be  obtained. 

The  Oxime,  CioHi5(CH3):NOH. 

The  oxime  was  readily  soluble  in  cold  alcohol,  ether,  benzène, 
acétone,  ethyl  acétate,  and  chloroform,  but  almost  insoluble  in  petrol- 
eum even  when  hot.  After  recrystallisation  from  a  mixture  of  chloro- 
form and  petroleum,  it  was  obtained  in  prismatic  needles  melting  at 
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0*2026  gave  13-9  ce.  moist  nitrogen  at  21°  and  768  mm.     N  ==  7-94. 

CjjHigON  requires  N  =  7'73  per  cent. 
0-0310  in  13-2  benzène  gave  M  -  0-06°.     M.  W.  =  191. 
0^0858       „  „         „     A«-0-17°.     ]\LW.  =  187. 

The  unimolecular  formula  Cj^ïïjjjON  requires  181. 

This  compound  is  soluble  in  warm  dilute  cailstic  potash,  also  in 
Warm  dilute  hydrochloi-ic  acid,  yielding  a  definite  hydrochloride  which, 
af ter  recrystallisation  from  alcohol,  gave  the  following  results  : 

0-2112  gave  0-1402  AgCl.     Cl  =  16-42. 

CiiH^gONjHCl  requires  Cl  =  16'32  per  cent. 

The  henzoyl  derivative,  prepared  by  the  conjoint  action  of  benzoyl 
chloride  and  caustic  potash  solution,  crystallises  from  petroleum  in 
plates  which  melt  at  118°. 

The  7i«ei%^e^/te?',',CjoHj5(CHg)INO'CH3,  was  obtained  by  boiling  the 
oxime  dissolved  in  methyl  alcohol  with  methyl  iodide  and  caustic 
potash.  On  pouring  the  solution  into  Avater,  the  ether  was  precipitated 
and  was  crystallised  from  methyl  alcohol  \  it  forms  small,  prismatic 
needles  which  melt  at  62°. 

0-2112  gave  13-7  ce.  moist  nitrogen  at  21°  and  769-5  mm.      N  =  7-48. 
Cj2H2iON  requires  N  =  7*18  per  cent; 

Action  oj  Acids  ou  the  Oxime. 

Two  grams,  heated  in  a  sealed  tube  with  excess  of  20  per  cetit. 
hydrochloric  acid  for  about  two  hours,  gave  a  solution  which  reduced 
Fehling's  solution,  and  when  submitted  to  steam  distillation  gave  a 
sweet-scented  oil.  The  quantity  was  insufficient  for  detailed  study, 
but  obviously  consisted  of  the  corresponding  ketone.  This  was  con- 
tirmed  by  mixing  it  with  hydroxylamine  and  caustic  soda,  with  the 
addition  of  a  little  alcohol,  when,  after  some  time,  needles  of  the 
original  oxime  were  deposited. 

The  oxime  dissolves  in  warm  concentrated  sulphuric  acid  with  pro- 
duction of  a  red  colour,  which,  on  admixture  of  watei',  disaj^pears,  and 
a  precipitate  is  formed  of  the  original  oxime. 

Examination  of  the  Chlorinated  Base, 

The  cliloro-base  was  analysed  after  crystallisation  from  ether. 

0-1564  gave  0-3820  CO2  and  0-1460  H.O.     C  =  66-44;  H  =  10-36. 
0-0951  gave  0-0634  AgCl.     Cl  =16-51.' 

0-2340  gave  14-0  ce.  moist  nitrogen  at  22°  and  754-5  mm.  N  =  6-73. 
Ci.HgaNCl  requires  C  =  66-82;  H  =  10-20;  Cl  =  16-47;  N  =  6-50  per  cent. 
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00708  in  12-9  benzène  gave  M-O'W.     M.  W.  =  224-1. 
0-1362     „  „  „       A«-0-23°.     M.  W.  =  224-9. 

The  unimolecular  formula  CjgHggNCl  requires  M.  W,  =  215-6. 

With    the    object    of     obtaining    the    base     ^7^i2^ATTTcr/r^TT     » 

CHIS(CH3)2 

which  would  resuit  from  the  exchange  of  the  chlorine  for  a  methyl 

group,  the  pure  chloro-base,  dissolved  in  ether,  was  mixed  with  an 

excess  of  magnésium  methyl  iodide.     It  was  found,  however,  that  no 

interaction  occurred  either  at  the  ordinary  température  or  at  the  boil- 

ing  point,  or  when  the  température  of  ebuUition  was  raised  to  60^  by 

addition    of    toluène.     A    fresh   ethereal    solution   of    the   base   and 

reagent,  sealed  up  and  heated  to  about  110^,  deposited  a  liquid  and  a 

small  quantity  of  viscid  matter,  but  nothing  could  be  obtained  from 

the  product  except  a  minute   quantity  of   volatile  alkaline  matter, 

which  was  too  small  in  amount  to  permit  of  its  séparation  from  the 

brown,  viscous  substances  chiefly  produced. 

The  hudrochloride^  which  was  prepared  by  dissolving  the  base  in  ether 

and  passing  hydrogen  chloride  into  the  solution,  forms  small  needles. 

0-2887  required  11 -6  ce.  of  standard  silver  nitrate,  of  which 
1  ce.  =  0-003548  Cl.     01  =  14-29  per  cent. 

Ci2H2oNCl,HCl  requires  Cl  (of  HCl)  =  14-14  per  cent. 

Action  of  Alcohûlic  Potash  on  the  Base, 

Five  grams  of  the  chlorinated  base  dissolved  in  alcohol  were 
boiled  with  1-5  grams  of  caustic  potash  until  the  reaction  was 
completed  as  indicated  by  the  précipitation  of  potassium  chloride. 
On  adding  to  the  liquid  a  small  quantity  of  water,  colourless  crystals 
separated  ont,  which,  after  recrystallisation  from  diluted  alcohol, 
melted  at  112°. 

0-2038  gave  14-2  ce.  of  moist  nitrogen  at  25°  and  761  mm.  N  =  7-83. 
CjoHg^N  requires  N  =  7-82  per  cent. 

The  hijdrochloride  of  this  unsaturated  hase  was  obtained  in  the  form 
of  small,  white  needles  by  dissolving  the  base  in  ether  and  passing 
dry  hydrogen  chloride  into  the  solution. 

0-2009  required  9-4  ce  i\^/10  AgNOg.     Cl  =  16-59. 
0-2742        „      12-8  ce  iV/lO  AgNOg.     01=16-56. 

Ci^HoiNjïïCl  requires  01  =  16-47  per  cent. 

As  this  base  was  presumably  identical  with  dimethylpinylamine, 
it  was  thought  probable  that  it  would  yield  a  nitrate  more  or  less 
resembling  the  nitrate  of  pinylamine,  which  is  distinguished    by  its 
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slight  solubility  in  water  ;  this  was  found  to  be  the  case.  The  lln- 
saturatecl  base,  dissolved  in  the  smallest  possible  quantity  of  hydro- 
chloric  acid,  gives,  on  the  addition  of  a  solution  of  sodium  nitrate, 
a  precipitate  of  small  prisms  which  resemble  the  piny lamine  nitrate 
in  solubility. 

In  order  to  compare  the  new  base  with  dimethylpinylamine, 
which  has  not  hitherto  beeli  described,  six  grams  of  pinylamine 
were  dissolved  in  methyl  alcohol  and  heated  with  an  excess  of 
methyl  iodide  at  100'^  for  some  hours.  After  evaporating  off  the 
excess  of  methyl  iodide,  the  liquid  was  poured  into  dry  ether.  A 
white,  crystalline  precipitate  of  the  hydriodide  was  deposited,  whilst 
the  mother  liquor  retained  a  yellow,  viscid  oil. 

The  hydriodide  is  very  soluble  in  water  and  gave  an  immédiate 
precipitate  with  silver  nitrate. 

0-2168  gave  0-1664  AgL     1-41-40. 

Ci2HoiN,HI  requires  1  =  41-43  per  cent. 

The  nitrate  wàs  prepared  by  adding  a  concentrated  solution  of 
sodium  nitrate  to  a  solutioh  of  the  hydriodide. 

0-1485  gave  15-0  ce.  iuoist  hitrogen  at  19°  and  765  mm.     N  =  11-87. 
CijHoiN.HNOg  requires  N  =  11-57  per  cent. 


Dimtthyljnnytamine. 

On  dissolving  the  hydriodide  in  Water  and  adding  caustic  potash,  the 
base  is  precipitated  as  a  white,  crystalline  solid.  Dimethylpinyl- 
amine crystallises  from  ether  in  small  prisms  which  melt  at  112°  and 
which,  when  mixed  with  the  unsaturated  base  described  above,  cause 
iio  dépression  of  the  melting  point.  Hence  the  identity  of  the  two 
substances  toay  be  regarded  as  established. 

Royal  Collège  or  SciENfcE,  London, 
South  Kensingtox,  S.W. 
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LXXXYIL— The  Réduction  of  koPhthcdic  Acid. 

Part  IL 

By  William  Goodavin  and  William  Henry  Perkin,  jun. 

The  first  part  of  this  investigation  (Perkin  and  Pickles,  Trans.,  1905, 
87,  293)  dealt  with  the  behaviour  of  «sophthalic  acid  on  réduction 
with  sodium  amalgam  ;  from  the  product,  the  four  possible  tetrahydro- 
îsophthalic  acids  were  obtained,  their  properties  described,  and  their 
relationship  and  constitutional  formulje  discussed. 

Attention  was  called  to  the  fact  that  it  had  not  been  found  possible 
to  isolate,  from  the  mixture  of  acids  formed,  even  a  trace  of  a  dihydro- 
îsophthalic  acid,  and  it  was  mentioned  that,  in  this  respect,  tsophthalic 
acid  behaves  diiïerently  from  phthalic  and  terephthalic  acids,  both  of 
which,  when  treated  with  sodium  amalgam,  yield  dihydro-derivatives 
as  the  first  products  of  the  réduction.  A  dihydroisophthalic  acid 
(m.  p.  255°)  was,  however,  obtained  indirectly,  namely,  from  3 :  4-di- 
bromohexahydroîsophthalic  acid  by  the  action  of  methyl-alcoholic 
potash,  and  to  this  acid  the  constitution  A^-*, 

CO.,H 

/\ 

1^  JCO.H  ' 

was  provisionally  assigned  (loc.  cit.,  p.  310).* 

In  the  présent  communication  we  describe  a  séries  of  experiments 
having  for  their  starting  point  hexahydroîsophthalic  acid,  which,  as  is 
well  known,  exists  in  cis-  and  ira?is-modifications  : 

H        COoH  COoH        H 


H  /    ^H,  n/    >H, 

h' H-Lco,H  h' hJ-co.,h 


Thèse  acids  were  first  obtained  synthetically  (Perkin,  Trans.,  1891, 
59,  808)  from  the  product  of  the  action  of  méthylène  di-iodide  on  the 
disodium  derivative  of  ethyl  pentanetetracarboxylate  by  hydrolysis  and 
élimination  of  carbon  dioxide.     In  the  préparation  of  the  considérable 

*  The  scheme  of  numberiiig  is  that  employed  in  the  previous  paper,  that  is  : 
CO2H 
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quanti ty  of  material  required  for  the  présent  investigation,  we  pre- 
ferred  to  employ  a  method  of  synthesis  which  was  discovered  shortly 
afterwards  (Perkin  and  Prentice,  Trans.,  1891,  59,  990),  as  this 
appeared  to  be  the  more  convenient. 

In  this   synthesis,   the  disodium  derivative  of   ethyl   propanetetra- 
carboxylate  is  digested  with  trimethylene  dibromide, 

p„  ^CNa(CO.,Et).    ,     Br-CH2\,pTT 
^«■2\cNa(C0:Et);   ^    Br-CH2^^^2      - 


nw  ^C(C0,Et),-CH2\,p„ 
^^^2\c(COoEt)>CH,^'"-^2 


-C(C02Et)/ 

and,  after  hydrolysing,  the  hexamethylene-1  :  1  :  3  :  3-tetracarboxylic 
acid  is  heated  at  180°,  when  it  is  decomposed  with  élimination  of  two 
molécules  of  carbon  dioxide  and  formation  of  a  mixtui'e  of  the  cis-  and 
^?Ytns-modifications  of  hexahydro/sophthalic  acid. 

Thèse  acids  cannot  be  separated  by  crystallisation,  and  séparation 
has,  so  far,  only  been  accomplished  by  taking  advantage  of  the  fact 
that  the  calcium  sait  of  the  cis-acid  is  much  less  soluble  than  that  of 
the  <îYms-acid  (Trans.,  1891,  59,  808).  The  melting  point  of  the  cis- 
acid  was  given  as  161 — 163°  and  that  of  the  ^rans-acid  as  120 — 122°. 
Baeyer  and  Villiger  (Annalen,  1893,  276,  255)  subsequently  prepared 
the  hexahydroisophthalic  acids  by  combining  the  mixture  of  tetra- 
hydrotsophthalic  acids,  produced  when  tsophthalic  acid  is  i-educed  with 
sodium  amalgam,  with  hydi-ogen  bromide  and  then  reducing  the 
resulting  bromohexahydroisophthalic  acids  with  zinc  dust  and  acetic 
acid.  The  two  isomerides  were  separated,  as  before,  by  means  of  their 
calcium  salts  ;  the  less  soluble  calcium  sait  yielded  the  pure  cîs-acid 
(m.  p.  161 — 163°),  whereas  the  ^m?is-acid  was  obtained  from  the  mother 
liquors,  and  after  repeated  crystallisation  melted  at  118 — 120°. 
During  the  course  of  our  experiments,  we  repeatedly  made  observations 
which  led  us  to  suspect  that  the  product  melting  at  120°,  and  which 
had,  so  far,  been  assumed  to  be  pure  «rrt?is-hexahydroisophthaliic  acid, 
was  not  a  single  substance. 

Unlike  the  cjs-modification,  which  crystallises  in  well-defined  needles, 
the  acid  melting  at  120°  always  séparâtes  in  indefinite  nodular  masses, 
and  the  melting  point  is  not  so  sharp  as  that  which  a  pure  substance 
of  this  nature  might  be  expected  to  exhibit.  The  acid  has,  indeed, 
properties  which  are  very  similar  to  those  of  the  curions  mixture  of 
cis-  and  «m?is-aa-dimethylglutaric  acids  (Auwers  and  Thorpe,  Ber., 
1895,  28,  623  ;  Bone  and  Perkin,  Trans.,  1896,  59,  268)  Avhich  melts 
at  105—106°  and  cannot  be  separated  into  its  components  by  crystal- 
lisation. The  latter  mixture  may,  however,  be  resolved  by  taking 
advantage  of  the  fact  that  the  cts-modification  is  converted  into  the 
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anhydride  by  the  action  of  acetyl  chloride  in  the  cold  and  dissolves, 
whereas  the  ^raris-niodification  is  unchanged  by  this  treatment  and 
remains  undissolved.  When  this  method  was  applied  to  the  acid 
melting  at  120°,  no  such  séparation  could  be  accomplished,  because 
the  whole  dissolved  in  the  acetyl  chloride,  and  on  treatment  with  water 
the  acid  melting  at  120"^  was  recovered  unchanged. 

We  subsequently  found  that  tins  acid,  when  dissolved  in  a  considér- 
able excess  of  ammonia  and  heated  for  some  hours  with  calcium 
chloride,  yields  a  quantity  of  the  calcium  sait  of  the  c/s-acid,  and,  after 
repeating  this  treatment  several  times,  the  mother  liquor  deposits,  on 
acidifying,  pure  <ra;is-hexahydroisophthalic  acid,  which  crystallises 
from  water  in  well-defined  prismatic  needles  and  melts  at  HS"^, 

We  were  now  able  to  prépare  the  acid  melting  at  120°  by  mixing 
about  equal  quantities  of  the  pure  cis-  and  irrt?«s-modifîcations  and 
crystallising  the  mixture  from  a  little  water  ;  the  nodular  masses  thus 
obtained  melted  at  120 — 122°  and  had  ail  the  properties  of  the 
substance  which  had  previously  been  assumed  to  be  pure  trans-hexa- 
hydroisophthalic  acid.  In  the  earlier  experiments  by  Perkin  and  by 
Baeyer  and  Yilliger  (loc.  cit.),  the  acid  (m.  p.  120°)  was  naturally 
subjected  to  treatment  with  ammonia  and  calcium  chloride  in  order  to 
show  that  it  did  not  contain  any  of  the  c^s-modification. 

Perkin  {loc.  cit.,  p.  814)  employed  a  strong  neutral  solution  for  this 
purpose,  and  Baeyer  and  Yilliger  (loc.  cit.,  p.  261)  state  that  they 
used  "  moglichst  wenig  Ammoniak,"  but  we  now  find  that  it  is  neces- 
sary  to  hâve  a  considérable  excess  of  ammonia  présent,  otherwise  no 
séparation  of  the  calcium  sait  of  the  cts-acid  takes  place. 

In  possession  of  this  means  of  séparation,  we  hâve  prepared  large 
quantities  of  the  cis-  and  fraîis-modifications  of  hexahydroi'sophthalic 
acid,  and  submitted  thèse  to  a  detailed  investigation,  the  results  of 
which  may  be  brietly  summarised  as  follows  : 

The  iransviàà  (m.  p.  148°)  is  partially  converted  into  the  cjs-acid 
(m.  p,  163°)  by  heating  with  hydrochloric  acid  at  170°,  and  the  reverse 
change  is  aiso  true.  It  is  clear,  therefore,  that  if  eitlier  isomeride  is 
subjected  to  this  treatment  a  condition  of  equilibrium  is  established, 
but  the  mixture,  the  composition  of  which  seems  to  vary  with  the 
température  and  the  concentration  of  the  hydrochloric  acid,  has  not 
been  quantitatively  investigated. 

When  the  ^mns-acid  is  treated  first  with  phosphorus  pentachloride  and 
then  with  bromine  (1  mol.),  and  the  product  decomposed  by  formic 
acid,  it  yields  l-bromo-trsins-hexahi/droisoj)kthalic  acid,  which  melts  at 
210°,  and  the  constitution  of  which  is  proved  by  the  fact  that  on 
réduction  with  zinc  dust  and  acetic  acid  it  is  again  converted  into  the 
trans-sicid.     This  l-brûmo-fra;(s-acid  is  readily  decomposed  by  boiling 

3  L  2 
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caustic  potash  with  élimination  of  hydrogen  bromide  and  formation  of 
A3-tetrahydroisophthalic  acid  (Trans.,  1905,  87,  307), 


n 


but  whether  this  acid  is  the  direct  product  of  the  élimination  of 
hydrogen  bromide,  or  whether  one  of  the  other  tetrahydroz'sophthalic 
acids  is  first  produced  and  then  converted  into  the  A^-aeid  by  the 
action  of  the  caustic  potash,  it  is  impossible  to  say. 

It  is,  however,  interesting  to  note  that  the  l-bromo-<ra?is-acid  yields 
A^-tetrahydroiSophthalic  acid  in  small  quantities  when  it  is  digested 
with  dilute  sodium  carbonate,  and  since  it  is  unlikely  that  this  treat- 
ment  would  couvert  one  modification  of  tetrahydroisophthalic  acid  into 
another,  this  fact  may  be  taken  as  some  évidence  that  the  A^-tetra- 
hydro-acid  is  the  direct  product  of  the  élimination  of  hydrogen  bromide 
from  the  hvomo-trans-a.cid.* 

Very  little  A^^-tetrahydro/sophthalic  acid  is,  however,  produced  from 
the  trans-hromo-àcïd  by  the  action  of  sodium  carbonate,  and  if  the 
reagent  is  very  dilute,  a  mère  trace  only  is  formed.  The  principal 
product  of  the  reaction  is  l-hydroxy-ira?is-hexahydroisophthalic  acid, 

CO,H     OH 


ïïJ-CO.H 


*  By  direct  élimination  of  hydrogen  bromide  (without  molecular  change), 
l-bromo-<ra)is-hexahydroj'sophthalic  acid  might  yield  either  A'--  or  A'-tetrahydroiso- 
jihthalic  acid  : 

COjH  COoH  COoH 

/\  /\  /\ 

I         1  yields  I        II  or  |         | 

^r^CO^H  '     ^CO.H  L     JCO.H 

A^.  A^ 

and,  in  order  to  obtain  évidence  as  to  the  direction  inwhich  this  change  takes  place, 
the  following  experinient  was  made  after  the  présent  paper  had  been  written  and 
vas  in  the  press.  A  very  pure  spécimen  of  A--tetrahydroi'sophthalic  acid  was  pre- 
pared  aud  boiled  for  half  an  hour  with  a  solution  of  sodium  carbonate  (saturated  at 
the  ordinary  tempeiature).  The  product  was  acidified  and  allowed  to  stand  for  24 
hours,  but  no  trace  of  the  very  sparingly  sohible  A^-tetrahydro/sophthalic  acid 
separated,  and,  on  extracting  with  ether,  the  whole  of  tlie  A^-acid  Avas  recovered 
unchanged.  It  is  clear,  therefore,  that  the  latter  acid  does  not  undergo  molecular 
change  when  boiled  with  sodium  carbonate,  and  tiie  obvions  déduction  from  this 
experiment  is,  that  no  molecular  change  takes  place  when  A''-tetrahydroisophthalic 
acid  is  formed  from  l-bromo-<rfls?is-hexahydrowophthalic  acid  by  the  action  of 
alkalis. 
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which  melts  at  about  160^^,  and  when  warmed  with  sulphuric  acid  at 
40"  is  decomposed  with  élimination  of  carbon  monoxide  and  fox'mation 
of  y-ketohexahydrobenzoic  acid  : 

CO 


Y^-2  Y"2 

CH,  CH-CO^H  • 

Both  of  thèse  acids  had  already  been  prepared  by  Baeyer  and  Tutein 
{Ber.,  1889,  22,  2182—2187).  y-Ketohexahydrobenzoic  acid  was 
obtained  from  tetrahydrohydroxyterephthalic  acid  (ketohexahydro- 
terephthalic  acid)  by  the  élimination  of  carbon  dioxide  : 

CO  CO 

/\  /\ 

COgH-ÇH  ÇH2_  _       CO        =       V^^'  V^2 

CHgCH-COoH  ^  CHoCH-COoH. 

\>  \>  ■ 

CH2  CH2 

The  keto-acid  was  found  to  combine  readily  with  hydrogen  cyanide 
with  formation  of  the  nitrile  of  l-hydroxyhexahydroiàophthalic  acid, 
from  which  the  acid  itself  was  obtained  by  hydrolysia  with  hydro- 
chloric  acid.  Baeyer  and  Tutein  do  not  give  the  melting  point  of  the 
hydroxy-acid  which  they  prepared  in  this  way,  but,  from  its  method  of 
formation,  it  seems  probable  that  it  consisted  of  a  mixture  of  the  cis- 
and  frans-modifications. 

A  séries  of  experiments  was  next  made  with  the  object  of  preparing 
1  :  3-dibromo-^rans-hexahydroisophthalic  acid, 

COoïï      Br 


'\Bi;^C02H, 

and  it  was  found  that  this  acid  may  be  very  readily  obtained  by 
treating  ^rrtns-hexahydroisophthalic  acid  tirst  with  phosphorus  penta- 
chloride  and  then  with  bromine  (2  mois.),  and  then  decomposing  the 
product  with  formic  acid.  This  acid  melts  at  about  181°,  and  when 
digested  with  methyl-alcoholic  potash  yields  a  dihydrojsophthalic  acid 
which  is  isomeric  with  that  previously  obtained  from  3  :  4-dibromo- 
hexahydroisophthalic  acid  by  similar  treatment  (compare  p.  841  ;  also 
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Trans.,   1905,  87,   293),  and  the  constitution  of  which  is  probably      " 
represented  by  the  formula 

CO2H 
^\ 

We  hâve  also  investigated  the  action  of  bromine  on  cw-hexahydroiso- 
phthalic  acid  and  find  that,  when  this  acid  is  heated  with  phosphorus 
pentachloride  and  bromine  at  a  température  not  exceeding  100^,  it  is 
converted  into  l-bromo-<ra»s-hexahydroîsophthalic  acid.  This  conver- 
sion of  a  cis-  into  a  fra)is-modification,  under  the  above  conditions,  did 
not  appear  to  hâve  been  observed  until  Buchner  and  Wedemann 
{Be7'.,  1905,  38,  1599)  quite  recently  showed  that  the  cis- modification 

of   trimetbyIene-1  :  2-dicarboxylic  acid,   CÏÏ2<^  1     ^  ^^    ,  after  being 

successively  converted  into  the  acid-chloride  and  then  heated  with 
bromine  at  150 — 160°,  yields  bromo-derivatives  of  the  fraws-acid. 

There  is,  however,  this  différence  in  the  two  séries  of  experiments, 
namely,  that  the  température  employed  by  Buchner  and  Wedemann 
is  much  higher  than  that  which  we  used  in  our  experiments  on  the 
bromination  of  m-hexahydroisophthalic  acid. 


Préparation  of  Hexamethylene-l  :  1  :  3  :  3-tetracarboxyIic  Acid 
and  of  cis-ITexahydroisophthalic  Acid. 

In  the  préparation  of  considérable  quantities  of  thèse  substances, 
the  process  which  was  found  to  give  the  best  results  was  the  following 
modification  of  the  method  previously  employed  by  Perkin  and  Prentice 
(Trans.,  1891,  59,  990).  Sodium  (23  grams)  is  dissolved  in  alcohol 
(350  grams),  the  solution  mixed  with  ethyl  propanetetracarboxylate 
(166  grams)  and  trimethylene  dibromide  (101  grams),  and  heated  in  a 
reflux  apparatus  for  one  hour  on  the  water-bath  ;  and,  as  the  action  is 
a  rather  vigorous  one,  it  is  advisable,  in  order  to  avoid  loss,  to  use 
a  large  flask  and  very  long  condenser  in  this  opération. 

The  product  is  diluted  with  water,  extracted  with  ether,  and, 
after  the  ethereal  solution  has  been  well  washed  and  dried  over 
calcium  chloride,  the  ether  is  evaporated  and  the  residue  fractionated 
under  25  mm.  pressure.     The  fractions  collected  were  : 

(a)  B,  p.  120 — 200°.  This  oil  evidently  contained  much  ethyl 
methylenemalonate,  (CO^Et)2CIOH2,  since  it  deposited  a  quantity  of 
the  horn-like  polymeride  of  this  substance  on  standing  (compare 
Ha worth  and  Perkin,  Trans.,  1898,  73,  342;  Bottomley  and  Perkin, 
Trans.,  1900,  77,  307). 
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(b)  B.  p.  220 — 240°.  This  fraction  was  a  viscid,  pale  yellow  oil 
and  consisted  largely  of  ethyl  hexamethylenetetracarboxylate. 

(c)  B.  p.  240 — 260°,  On  standing,  this  fraction  became  semi-solid 
owing  to  the  séparation  of  crystals  of  ethyl  pentanehexacarboxylate 
(Bottomley  and  Perkin,  loc.  cit.,  p.  298).* 

The  crude  ethyl  hexamethylenetetracarboxylate  (which  is  obtained 
in  a  yield  of  about  35  per  cent,  of  that  theoretically  possible)  is  hydro- 
lysed  by  boiling  with  methyl-alcoholic  potash  (6  mois.)  for  four  hours  ; 
water  is  then  added  and  the  solution  evaporated  on  the  water-bath 
with  the  repeated  addition  of  small  quantities  of  water,  until  the 
methyl  alcohol  has  been  completely  removed.  The  concentrated 
solution  is  then  acidified  with  hydrochloric  acid  and  extracted  at  least 
20  times  with  ether,  the  extracted  liquor  (a)  being  then  treated  as 
described  below.  After  drying  over  calcium  chloride,  the  ethereal 
solution  is  evaporated,  when  a  pale  yellow  oil  is  obtained  which 
gradually  crystallises.  The  mass  is  left  in  contact  with  porous 
porcelain  until  free  from  oil,  washed  with  a  little  ether,  and  recrys- 
tallised  from  warm  water,  when  colourless,  glistening  crystals  of 
hexamethylenetetracarboxylic  acid  separate,  which  melt  at  217 — 219° 
and  are  rather  sparingly  soluble  in  cold  water.  The  liquor  (a)  is 
evaporated  to  dryness,  the  residue  mixed  with  the  broken-up  porous 
porcelain  employed  in  the  above  purification  and  exti^acted  with  ether 
in  a  Soxhlet  apparatus  ;  the  extract  is  mixed  with  the  crude  hexa- 
methylenetetracarboxylic acid,  obtained  by  the  evaporation  of  the 
mother  liquors  from  the  purification  of  this  acid  and  heated  at  180°  until 
carbon  dioxide  ceases  to  be  evolved,  The  brown  syrup  thus  obtained 
is  digested  with  alcohol  and  sulphuric  acid  for  6  hours,  water  is  then 
added,  the  ester  extracted  with  ether  in  the  usual  wayand  fractionated 
under  reduced  pressure,  when  the  greater  portion  distils  a-t  160 — 190° 
(25  mm.).  This  is  hydrolysed  with  methyl-alcoholic  potash  and,  after 
completely  removing  the  alcohol  by  evaporation  with  water,  the 
acidified  product  is  extracted  10  times  with  ether.  The  ethereal 
solution  is  carefully  dried  over  calcium  chloride  and  evaporated,  and 
the  residue  digested  for  6  hours  with  twice  its  volume  of  acetic 
anhydride  and  fractionated,  the  fraction  200 — 210°  (30  mm.)  being 
collected  separately.  The  oil,  which  consists  largely  of  the  anhydride 
of  cis-hexahydroisophthalic  acid  and  solidifies  partially  on  cooling, 
is  boiled  with  water  in  a  reflux  apparatus  until  dissolved,  the  solution 

*  The  formation  of  the  fractions  (a  and  c)  shows  tliat,  iu  the  course  of  tlie  above 
réaction,  mucli  of  the  ethyl  propanetetracarboxylate  employed  must  liave  beeu 
decomposed  iuto  formaldehyde  and  ethyl  malonate,  which  then  condensed  to  forni 
ethyl  methylenemalonate  and  ethyl  pentanehexacarboxylate.  A  similar  behaviour 
has  been  observed  in  other  synthetical  expérimenta  in  which  the  sodium  Jerivative 
of  ethyl  propanetetracarboxylate  has  been  employed. 
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is  then  made  strongly  alkaline  with  ammonia  and  heated  on  the  water- 
bath  with  an  excess  of  strong  calcium  chloride  solution  for  some  hours 
and  until  the  séparation  of  the  crystalline  calcium  sait  of  the  ctVacid 
appears  to  be  complète.  After  collecting  at  the  pump  and  washing 
with  a  little  hot  water,  the  sait  is  dissolved  in  boiling  dilute  hydro- 
chloric  acid,  from  which  solution  the  pure  CîS-acid  séparâtes  as  a 
colourless,  glistening,  crystalline  mass  which  melts  at  162 — 163°. 

Action  of  Heat  on  Hexamethylenetetracarhoxylic  Acid.     Séparation  of 
the  cis-  and  tra,ns-Modifcatio7is  of  Hexahydroisophthalic  Acid. 

During  this  investigation,  about  100  grams  of  pure  hexamethylene- 
tetracarboxylic  acid  were  heated  at  208 — 210°  until  décomposition 
commenced,  the  température  was  then  allowed  to  fall  to  185°,  and  the 
heating  continued  until  the  évolution  of  carbon  dioxide  had  completely 
ceased.  The  residue,  which  crystallised  on  cooling,  was  dissolved  in 
water,  made  strongly  alkaline  with  ammonia,  and  heated  for  some 
hours  on  the  water-bath  with  strong  calcium  chloride  solution.  The 
crystalline  calcium  sait  of  the  cis-acid,  which  separated  in  quantity, 
was  collected  at  the  pump,  washed  with  water,  and  the  mother  liquors 
evaporated  to  a  small  bulk  and  again  iiltered  from  a  further  crop  of 
crystals  of  the  calcium  sait,  this  opération  being  repeated  several  times 
in  order  to  separate  as  much  of  this  sait  as  possible. 

From  the  calcium  sait,  the  cis-Sicid  is  readily  obtained  by  décomposi- 
tion with  hydrochloric  acid  and  recrystallisation  from  water.  The 
mother  liquor  of  the  calcium  sait  of  the  cis-acid  is  acidified,  when 
a  large  quantity  of  a  crystalline  acid  séparâtes,  which  is  collected 
at  the  pump  and  recrystallised  from  water,  and  in  this  way  hard, 
nearly  coloui-less,  crystalline  masses  may  be  obtained  which  consist 
of  pure  ira?<«-hexahydro/fiophthalic  acid. 

0-1479  gave  0-3021  COg  and  0-0951  H^O.     C  =  55-7;  H  =  7-2. 
0-1345     „     0-2751  CO2    „    0-0867  HgO.     C  =  55-8  ;  H  =  7-l. 
C^HjgO^  requires  C  =  55*8  ;  H  =  7*0  per  cent. 

frfms-Hexahydroisophthalic  acid  melts  at  148°,  is  readily  soluble  in 
hot  water  and  séparâtes,  on  slowly  cooling,  in  small,  striated,  prismatic 
needles. 

When  its  solution  in  excess  of  ammonia  is  boiled  with  calcium 
chloride,  no  séparation  of  a  calcium  sait  takes  place  even  after  many 
hours. 

The  mother  liquors  of  the  trans-acid  were  extracted  with  ether  and 
the  ethereal  solution  evaporated,  when  a  considérable  quantity  of  a 
crystalline  substance  was  obtained  which  separated  fi^om  hydrochloric 
acid  in  nodular  masses:  this  melted  at   118 — 121°  and  had  ail  the 
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propei^ties  of  the  substance  previously  obtained  and  described  as  trans- 
hexahydroîsophthalic  acid  (Perkin,  Trans.,  1891,  59,  814.  Compare 
Baeyer  and  Villiger,  Ânnalen,  1893,  276,  262).  It  is  stated  by  the 
first-named  author  that  a  strong  neutral  solution  of  this  acid,  on 
the  addition  of  calcium  chloride,  gives  no  precipitate  even  on  con- 
tinued  boiling,  and  this  is  quite  true.  If,  however,  the  acid  is 
dissolved  in  a  little  water  made  strongly  alkaline  with  ammonia, 
and  heated  for  two  hours  on  the  water-bath  with  an  excess  of 
calcium  chloride,  a  quantity  of  the  calcium  sait  of  the  c«s-acid 
gradually  séparâtes,  and  the  mother-liquor  from  this  deposits,  on 
acidifying,  crystals  which  melt  at  about  145°  and  consist  of  the 
almost  pure  trans-acid. 

Equal  quantities  of  the  cis-  and  trans-acids  were  then  weighed  out, 
mixed,  dissolved  in  a  little  hot  water,  and  then  allowed  to  crystallise 
slowly,  when  nodular  masses  separated  which  melted  at  120 — 122° 
and  had  ail  the  properties  of  the  substance  which  was  formerly 
supposed  to  be  the  pure  trans-a.cid. 

Partial  Conversion  of  the  tra,ns- Acid  into  cis- Ilexahydroisophthalic 
Acid  bij  mecms  of  Hydrochloric  Acid. — ^rans-Hexahydroîsophthalic  acid 
(1  gram)  was  heated  in  a  sealed  tube  with  hydrochloric  acid  (5  ce.)  at 
170°  for  1  hour,  the  product  was  extracted  with  ether,  the  ethereal 
solution  evaporated,  and  the  colourless,  crystalline  residue  dissolved  in 
excess  of  dilute  ammonia  and  digested  with  calcium  chloride.  The 
sparingly  soluble  calcium  sait,  which  soon  separated,  was  collected, 
washed  with  warm  water,  and  dissolved  in  a  small  quantity  of  boiling 
hydrochloric  acid,  from  which  solution  the  pure  cis-acid  separated  in 
colourless  needles  melting  at  161 — 162°. 

0-1205  gave  0-2462  CO,  and  0-0772  ïïgO.     0  =  55-7;  H  =  7-1. 
CgHjjO^  requires  C  =  55-8  ;  H  =  7-0  per  cent. 

From  the  mother  liquors  of  the  calcium  sait,  a  small  quantity  of 
impure  trans-Sicid  was  isolated,  so  that  it  seems  probable  that  the 
conversion  of  this  into  the  cîs-acid  by  heating  with  hydrochloric  acid 
is  only  partial,  a  resuit  which  is  in  harmony  with  previous  observa- 
tions on  the  subject. 

Complète  Conversion  of  trans-Hexahi/di'oisophthalic  Acid  into  the  cis- 
Modification  hy  means  of  Acetyl  Chloride. — iraîis- Hexahydroîsophthalic 
acid  is  sparingly  soluble  in  acetyl  chloride,  but  dissolves  on  warming, 
and,  if  the  solution  is  heated  at  100°  for  one  hour  and  then  at  150°  for 
two  hours  and  evaporated  on  the  water-bath,  a  crystalline  residue  is 
obtained.  This  was  left  in  contact  with  porous  porcelain  until  quite 
dry  and  then  crystallised  from  a  mixture  of  benzène  and  light 
peti-oleum,  when  a  satiny  mass  of  crystals  was  obtained  which  melted 
at  188—189°. 
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0-1255  gave  0-2867  CO2  and  0-0748  H,0.     C  =  62-2;  H  =  6-6. 
CgHio^a  requires  C  =  62-3  ;  H  =  6-5  per  cent. 

That  this  substance  was  the  anhydride  of  cis-hexahi/droisophthalic 
acid  was  proved  by  dissolving  it  in  boiling  water  and  concentrating 
the  solution,  when  the  pure  cis-acid  (m.  p.  162 — 163°)  separated  on 
cooling.  This  transformation  of  the  f?-a«5-modification  into  the  cts-f orm 
is  evidently  a  complète  one,  since  no  trace  of  t7'ans-a,c'\d  could  be 
detected  in  the  mother  liquors  of  the  cj's-anhydride. 


1  -£romo-tra,ns-hexahydroisophthaUc  Acid. 

In  preparing  this  acid,  fra?is-hexahydroisophthalic  acid  (3-5  grams) 
was  heated  in  a  tube  with  phosphorus  pentachloride  (6  gi-ams)  in  the 
water-bath  until  the  décomposition  was  complète,  bromine  (3-3  grams) 
was  then  added  and  the  tube  sealed  and  heated  at  100°  for  two 
hours. 

The  product  was  mixed  with  twice  its  volume  of  formic  acid 
(sp,  gr,  1*22°)  and  allowed  to  remain  for  two  days  ;  the  crystalline 
crust  which  had  formed  was  then  collected  and  recrystallised  from 
formic  acid. 

0-1628  gave  0-2280  CO2  and  0-0633  K.^O.     C  =  38-2;  H  =  4-3. 
0-2192     „     0-1662  AgBr.     Br  =  32-2. 

CsHjjO^Br  requires  C  =  38-2  ;  H  =  4-4  ;  Br  -  31  -9  per  cent. 

l-£romo-trsins-hexahydroisophthalic  acid  melts  at  about  210°  and 
séparâtes  from  formic  acid  as  a  heavy  powder  which,  under  the 
microscope,  is  seentoconsistof  leafy  masses.  Itisrather  sparingly  soluble 
in  dryether  or  cold  formic  acid,  very  sparingly  so  in  hot  benzène,  toluène, 
light  petroleum,  or  chloroform,  but  l'eadily  so  in  alcohol  or  boiling 
formic  acid.  When  boiled  with  water,  it  dissolves  and,  if  the  solution 
is  rapidly  cooled,  a  large  amount  of  the  acid  crystallises  out  unchanged  ; 
if,  however,  the  solution  is  boiled  for  a  few  minutes,  the  acid  is 
completely  decomposed  with  élimination  of  hydrogen  bromide  and 
formation  of  a  solid  acid  which  appears  to  be  1-Iiydroxy'tra.ïis-hexahydro- 
isophthalic  acid  (p.  851). 

Réduction. — In  order  to  be  sure  that  no  molecular  change  had 
taken  place  during  bromination,  the  above  bromo-acid  was  dissolved 
in  glacial  acetic  acid  and  reduced,  first  at  the  ordinary  température 
and  then  at  100°,  with  a  large  excess  of  zinc  dust. 

The  product  was  mixed  with  hydrochloric  acid  and  distilled  in 
steam  until  the  acetic  acid  had  been  removed  ;  the  residue  in  the 
steam  distillation  flask  was  then  extracted  several  times  with  ether, 
when,  on  evaporating  the  ethereal    solution,  a  solid    acid    remained, 
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which,  after  crystallisation    from    water,  melted    at    143 — 145°    and 
consisted  of  almost  pure  ^ra?is-hexahydi*Oisophthalic  acid. 

This  resuit  proves  conclusively  that  the  acid  obtained  by  the 
bromination  of  this  trans-Sbcid  under  the  conditions  described  above 
is  l-bromo-^raws-hexahydroisophthalic  acid. 

Action  of  Alkalis  on  \-Bromo-tva.n^-hexahydrohophthalic  Acid. 
Formation  of  ^^-Tetrahydroi?>02)]it]ialic  Acid,  l-Hydroxy-irsuis- 
ftexahydroisopht/ialic  Acid,  and  y-Ketohexahydrohenzoic  Acid. 

I.  Action  of  Caustic  Potash. — 1-Bromo-fî'ans-hexahydroisophthalic 
acid  dissolves  readily  in  caustic  potash,  and,  if  the  solution  is  boiled 
for  a  few  minutes  and  then  acidified,  a  sandy  crystalline  precipitate 
séparâtes  ;  this  melts,  after  recrystallisation,  at  242 — 244°  and  crys- 
tallises  from  much  water  in  the  stars  with  jagged  edges  which  are  so 
characteristic  of  A^-tetrahydrowophthalic  acid  (Trans.,  1905,  87,  307). 

0-1618  gave  0-3360  COo  and  0-0880  HgO.     C  =  56-6;  H  =  6-0. 
CgHjoO^  requires  C  =  56  4  ;  Il  =  5-9  per  cent. 

II.  Action  of  Sodium  Carbonate. — In  studying  this  action,  the  pure 
bromo-acid  was  dissolved  in  an  excess  of  dilute  sodium  carbonate  and 
heated  on  the  water-bath  for  5  hours,  the  solution  was  then  boiled  in 
a  reflux  apparatus  for  half  an  hour,  cooled,  acidified,  and  allowed  to 
stand  for  a  week.  A  small  quantity  of  a  very  sparingly  soluble  sub- 
stance gradually  separated  in  long,  slender  needles  ;  this  was  collected 
at  the  pump,  recrystallised  from  much  water,  and  found  to  consist 
of  A^-tetrahydroisophthalic  acid. 

The  filtrate  was  saturated  with  ammonium  sulphate,  extracted  five 
times  Avith  ether,  and  the  ethereal  solution  dried  over  calcium  chloride 
and  evaporated,  when  a  syrupy  residue  was  obtained  which  soon  com- 
plet ely  solidified.  In  order  to  separate  any  trace  of  A^-tetrahydroîso- 
phthalic  acid  which  might  still  be  présent,  the  whole  was  dissolved  in 
a  little  water,  boiled  with  animal  charcoal,  and  evaporated  to  a 
small  bulk,  but,  even  after  standing  for  several  days,  only  a  trace  of 
a  crystalline  substance  separated.  The  solution  was  now  allowed  to 
concentrate  over  sulphuric  acid  in  an  exhausted  desiccator,  when  a 
hard,  crystalline  mass  gradually  formed  ;  this  was  collected,  dried  at 
100°,  and  analysed. 

0-2451  gave  0-4623  COo  and  0-1380  H2O.     C  =  51-3;  H  =  6-3. 
CgHjoO-  requires  C  =  51'l  ;  H  =  6-4  per  cent. 

l-IIydroxy-trsiTas-hexahydroisophthalic  acid,  when  purified  in  the 
manner  described  above,  melts  at  about  160°  with  previous  softening, 
but  owing  to  the   difficulty  which  was  experienced  in  satisfactorily 
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recrystallising  the  acid,  this  melting  point  must  be  taken  as  only 
approximately  correct,  The  hydroxy-aeid  is  very  soluble  in  water, 
and  its  solution,  after  neutralising  with  sodium  carbonate,  does  net 
decolorise  permanganate,  The  composition  of  this  acid  was  further 
confirmed  by  titra tion  with  iY/ 10  caustic  soda,  when  it  was  found  that 
0-105  gram  neutralised  0'044  gram  NaOH,  whereas  this  amount  of  a 
dibasic  acid,  CgH^g^-,  should  neuti'alise  0*045  gram  NaOH,  The  silver 
sait,  CgHjoAgoOr,,  was  obtained  by  adding  a  solution  of  silver  nitrate 
to  a  neutral  solution  of  the  ammonium  sait  in  the  form  of  a  sparingly 
soluble  white  precipitate. 

01351  gave  0-0722  Ag.     Ag  =  53-5, 

CgHjoOr^Agj  requires  Ag  =  53-7  per  cent, 

Baeyer  and  Tutein  {Ber.,  1889,  22,  2186),  who  first  obtained  1-hydr- 
oxyhexahydroî'sophthalic  acid,  state  that  it  crystallises  from  alcohol  in 
warty  masses,  but,  as  they  do  not  give  the  melting  point,  it  is  im- 
possible to  décide  whether  the  acid  which  they  prepai^ed  is  identical 
with  that  desci'ibed  above  ;  it  seems  more  probable  from  the  method  of 
formation  that  it  was  a  mixtui'e  of  the  cis-  and  ^raws-modifications. 


y-Ketohexahydrohenzoic  Acid. 

When  finely  powdered  l-hydroxy-fra?is-hexahydroisophthalic  acid  is 
warmed  with  concentrated  sulphuric  acid  at  40°,  it  dissolves  with 
évolution  of  carbon  monoxide  and  without  any  charring.  After  a  few 
minutes,  and  as  soon  as  the  évolution  of  gas  had  ceased,  the  solution 
was  poured  on  to  powdered  ice  and  extracted  several  times  with  ether. 

After  drying  over  calcium  chloride,  the  ethereal  solution  deposited 
an  oily  acid,  which  was  very  soluble  in  water  and  yielded  précipitâtes 
with  phenylhydrazine  and  semicarbazide.  In  order  to  eharacterise 
the  acid,  it  was  dissolved  in  a  little  water  and  mixed  with  a  strong 
solution  of  hydroxylamine  hydrochloride,  when  the  oxime  gradually 
separated  as  a  sparingly  soluble  crystalline  powder. 

0-1817  gave  14-2  ce.  nitrogen  at  17°  and  762  -mm.     N  =  9-l. 
C7HJJO3N  requires  N  =  8-9  per  cent. 

The  oxime  of  yketohexahydrohenzoic  acid  prepared  in  this  way  melted 
at  about  167 — 168°  with  décomposition,  whereas  Baeyer  and  Tutein 
{loc.  cit.,  p.  2183)  give  170°  as  the  melting  point  of  the  spécimen  of 
this  oxime,  which  they  prepared  from  hydroxytetrahydroterephthalic 
acid  by  the  action  of  hydroxylamine  hydrochloride. 


THE   REDUCTION   OF   ISOPHTHALIC   ACID.      PART   II.  853 


1  :  3-Dibromo-tra,ns-hexaht/droisophthalic  Acid  and  Dihydroi&ophthalic 
Acid. 

The  above-mentioned  dibromo-acid  is  readily  prepared  by  heating 
<ra?is-hexahydror'sophthalic  acid  (1"7  grams)  with  phosphorus  penta- 
chloride  (2"5  grams)  and  then  with  bromine  (3"5  grams)  in  a  sealed 
tube  at  100°  for  2  hours.  The  oily  product  is  poured  into  three  times 
its  volume  of  formic  acid  (sp.  gr.  1*22),  warnied  at  50°  until  décom- 
position is  complète,  and  allowed  to  stand  for  several  days,  when  a 
crystalline  crust  will  hâve  separated.  The  mother  liquor  is  decanted 
and  left  exposed  to  the  air  until  no  more  crystals  separate,  tlie  com- 
bined  crops  of  crystals  are  then  purified  by  recrystallisation  from 
formic  acid. 

0-2590  gave  0-2949  AgBr.     Br  =  48-4. 

CgHjgO^Bro  requires  Br  =  48-5  per  cent. 

]  ■.3-Dibro7no-tr&ns-hexahi/droisophthalic  acid  melts  atabout  181°  and 
is  readily  soluble  in  ether,  alcohol,  or  hot  formic  acid,  but  sparingly  so 
in  benzène  or  light  petroleum.  It  is  best  crystallised  from  glacial 
formic  acid,  from  which  it  séparâtes  in  crusts  which,  under  the  micro- 
scope, are  seen  to  be  composed  of  curions  oval  leaflets  ;  the  séparation 
is,  however,  very  slow,  and  sometimes  takes  days  before  it  is  complète. 
The  dibromo-acid  is  sparingly  soluble  in  cold  water,  but  dissolves 
readily  on  warming  with  décomposition  and  élimination  of  hydrogen 
bromide,  and  if  the  solution  is  boiled  for  a  few  minutes  and  then 
evaporated  a  viscid,  syrupy  acid  remains  which  gradually  crystallises. 
This  acid,  which  is  quite  stable  to  permanganate,  is  probably  1  : 3-di- 
hydroxy-^rans-hexahydroisophthalic  acid,  but  it  was  not  obtained  in 
suJBScient  quantity  for  purification  and  analysis. 

Action  of  Caustic  Polash. — When  the  pure  dibromo-acid  is  added 
to  a  large  excess  of  a  strong  solution  of  pure  caustic  potash  in  methyl 
alcohol,  a  vigorous  action  takes  place,  and  potassium  bromide  séparâtes 
at  once  in  quantity.  After  heating  for  10  minutes  on  the  water-bath, 
the  product  was  mixed  with  water  and  boiled,  out  of  contact  with  air,* 
until  quite  free  from  methyl  alcohol  ;  it  was  then  cooled  and  acidified, 
when  a  white,  crystalline  precipitate  separated,  which  closely  resembled 
barium  sulphate.  This  was  collected,  washed  with  water,  dried  at  100°, 
and  analysed. 

0-1309  gave  0-2712  CO.,  and  0-0592  HoO.     0  =  565;  H -5-0. 
0-1441     „     0-3003  00^     „    0-0643  H2O.     C  =  56-8  ;  H  =  4-9. 
CgHgO^  requires  C  =  57*1  ;  H  =  4-8  per  cent. 

*  If  tins  précaution  is  not  takeii,  oxidation  seenis  to  take  place  aud  isophtlialic 
acid  is  formed. 
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This  dih>/droisophthalic  acid  séparâtes  from  acetic  acid,  in  which  it  is 
almost  insoluble  in  the  col  cl  and  not  readily  so  on  boiling,  as  a  crystal- 
line  powder  which,  under  the  microscope,  bas  no  characteristic  appear- 
ance.  It  softens  somewhat  at  255'^,  but  does  not  melt  at  270°  ;  it 
therefore  appears  to  be  différent  from  the  dihydrozsophthalic  acid 
which  was  obtained  from  3  :  4-dibromohexahydroisophthalic  acid  by 
the  action  of  methyl-alcoholic  potash  (Trans.,  1905,87,  310),  since  this 
latter  acid  crystallised  in  stars  and  melted  completely  at  255°. 

A  small  quantity  of  the  dihydroisophthalic  acid  described  in  the 
présent  paper  was  exposed  over  dry  bromine  for  3  days  and  then 
placed  in  an  exhausted  desiccator  over  powdered  potash  for  3  days. 
The  product  contained  bromine,  but,  after  crystallising  from  much 
glacial  formic  acid,  an  acid  was  obtained  which  was  free  from  bromine 
and  exhibited  ail  tbe  properties  of  dihydroisophthalic  acid,  the  identity 
with  which  was  confirmed  by  analysis. 

0-121 2  gave  0-2506  CO^  and  0-055  Hp.     C  =  56-5;  H  =  5-1. 
CgHgO^  requires  C  =  57-1  ;  H  =  4-8  par  cent. 

This  resuit  seems  to  show  that  this  dihydroisophthalic  acid  is  not 
capable  of  yielding  an  additive  product  when  it  is  exposed  to  dry 
bromine  vapour. 

Action  of  Bromine  on  cis- Hexahi/droisophthalic  Acid. 

During  the  course  of  thèse  experiments,  we  experienced  unexpected 
difficulties  in  obtaining  a  deânite  product  of  bromination,  although  we 
employed  the  conditions  which  had  given  such  good  results  in  the  case 
of  the  traus-acid.  When  the  quantities  taken  were  exactly  those 
required  for  the  formation  of  the  monobx'omo-acid  and  the  product  was 
purified  by  repeated  crystallisation  from  formic  acid,  we  obtained 
crystalline  acids  melting  in  différent  experiments  from  197°  to  204°, 
and  which  yielded,  on  analysis,  percentages  of  bromine  varying  from 
33-2  to  35-1,  whereas  the  formula  C^Hj^O^Br  i-equires  31-9  per  cent, 
of  bromine.  A  satisfactory  resuit  was,  however,  at  last  obtained  in 
an  experiment  in  which  we  employed  a  method  exactly  similar  to  that 
recommended  by  Baeyer  {Annalen,  1888,  245, 179)  for  the  préparation 
of  (I)  bromohexahydroterephthalic  acid. 

cis-Hexahydroisophthalic  acid  (6  grams)  was  digested  with  phos- 
phorus  pentachloride  (17  grams)  and  then  heated  with  bromine 
(6  grams)  iu  a  sealed  tube  at  100°  for  4  hours.  The  product  was 
mixed  with  powdered  ice  and  lef t  for  2  days  ;  the  sandy  precipitate 
which  had  separated  was  collected  and  dissolved  in  750  ce.  of  cold, 
very  dilute  sodium  carbonate.  The  solution  was  filtered  and  acidified, 
but,  as  after  standing  for  2  days  nothing  had   separated,  the  whole 
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was  acidified,  saturated  with  ammonium  sulphate,  and  extracted 
several  times  with  ether.  The  ethereal  solution  was  dried  over 
calcium  chloride  and  evaporated,  -when  a  gummy  mass  was  obtained 
which  gradually  became  semi-solid  ;  on  warming  with  a  little  water, 
the  gummy  impurity  was  dissolved,  leaving  a  white,  crystalline  mass. 

This  was  collected  and  rapidly  recrystallised  from  hot  water,  in  which 
it  is  sparingly  soluble,  but  from  which  it  separated  as  a  sandy, 
crystalline  powder  melting  at  210°. 

0-1Ô79  gave  0-2352  COg  and  0-0688  H^O.     C  =  38-2  ;  H  =  4-5. 
0-1257     „     0-0940  AgBr.     Br  =  31-8. 

CgHi^O^Br  requires  C  =  38-2  ;  H  =  4-3  ;  Br  =  31-8  per  cent. 

That  this  substance  is  bromo-tra,ns-hexa/ti/droisopht halle  acid  was 
proved  by  the  fact  that,  when  caref ully  redueed  by  zinc  dust  and  acetic 
acid  under  the  conditions  described  on  p.  850,  it  was  quantitatively 
converted  into  frans-hexahydrofsophthalic  acid. 

It  follows,  therefore,  that,  at  some  stage  during  the  treatment  with 
phosphorus  pentachloride  and  bromine  at  100^,  transformation  of  the 
cis-  into  the  frems-modification  must  hâve  taken  place. 

The  Schunck  Laboratory, 

The  Victoria  University  of  Manchester. 


LXXXVIII. — The  Replacement  of  Hydroxyl  hy  Bromine. 

By  William  Henry  Perkin,  jun.,  and  John  Lionel  Simonsen. 

The  methods  available  for  the  préparation  of  aliphatic  compounds  in 
which  several  atoms  of  bromine  are  combined  Avith  différent  carbon 
atoms  are  few  in  number.  It  is  usually  assumed  that  a  substance 
containing  one  or  more  hydroxyl  groups  may  be  converted  into  the 
corresponding  bromo-derivatives  by  treatment  with  hydrobromic  acid, 
or  phosphorus  tri-  or  penta-bromide,  but  in  attempting  to  use  tbis 
method  in  the  préparation  of  bromo-derivatives  for  the  purpose  of 
ring  synthesis  unexpected  diiîiculties  were  encountered. 

The  hydroxy -groups  in  such  polyhydric  alcohols  as  glycerol, 
erythritol,  mannitol,  tfcc,  are  usually  only  partially  replaceJ  by  bromine 
when  thèse  alcohols  are  treated  with  hydrobromic  acid,  and  if,  l>y 
employing  higher  températures  and  a  large  excess  of  the  halogeu  acid, 
the  attempt  is  made  to  complète  the  substitution,  décomposition 
usually  takes  place  with  much  charring,  and  the  yield  obtained  is  con- 
sequently  very  small.     The  same  remarks  apply   to  the  use  of    the 
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bromides  of  phosphorus  in  such  cases,  the  results  obtained  by  the 
action  of  thèse  reagents  on  the  polyhydric  alcohols  being  frequently  most 
unsatisfactory.*  In  investigating  this  matter,  we  found  that  a  great 
improvement  is  achieved  if  the  alcohol  is  first  converted  into  the 
acétate  and  the  latter  is  then  heated  with  a  sohition  of  hydrogen 
bromide  in  glacial  acetic  acid  (saturated  at  0°)  at  abovit  150°. 

By  this  pi-ocess,  which  may  be  represented  in  a  gênerai  way  thus  : 

R'O-aHgO  +  HBr  =  RBr  +  HO-CjHaO, 

the  whole  of  the  hydroxyl  groups  may  usually  be  substituted  by 
bromine,  and  the  reaction  proceeds  smoothly  withoixt  any  séparation 
of  carbonaceous  matter,  consequently  a  good  yield  is  obtained  and  the 
product  is  easily  purified.  We  hâve  investigated  the  following  cases, 
which  may  serve  to  illustrate  this  process  : 

I.  Glycol  diacetate  is  converted  quantitatively  into  ethylene 
dibromide,  when  it  is  heated  with  acetic-hydrobromic  acid  at  150°. 

II.  Glycerol  triacetate  (triacetin)  is  readily  acted  on  by  acetic- 
hydrobromic  acid  at  150°,  and  an  almost  quantitative  yield  of  s-tribromo- 
p'opane,  CH2Br*CHBr*CH2Br,  is  obtained. 

The  behaviour  of  triacetin,  when  treated  with  a  solution  of  hydrogen 
bromide  in  acetic  acid,  has  lately  also  been  investigated  by  R.  do  la  Acena 
{Compt.  rend.,  1904,  139,  867),  who  found  that  at  0°  and  in  the  dark  a 
monobromodiacetin  is  produced,  whereas  at  100°  two  acetyl  groups  are 
displaced  with  formation  of  a  dibromomonacetin. 

III.  Erythritol  tetracetate  reacts  readily  with  acetic-hydrobromic  acid 
at  150°,  yielding  ^-ix&ns-tetrabromohutane,  CHoBr-CHBr-CHBr-CHoBr 
(m.  p.  118°),  and  two  oily  substances  which  boil  at  122—127° 
(26  mm.)  and  164—165°  (27  mm.),  and  which  appear  to  consist  of 
s-cis-tetrabromobiotane  and  erythritol  tribromohydriue,  G^HgBrg'OH, 
respectively. 

s-Tetrabromobutane  had  previously  been  prepared  from  erythritol 
by  the  action  of  phosphorus  pentabromide  (Colson,  Bull.  Soc.  Chivi., 
1887,  48,  53),   as  well  as  by  the  following  interesting  indirect  process. 

When  erythritol  is  heated  with  formic  acid  (Henninger,  Ann.  Ghim. 

*  The  action  of  hydrobiomic  acid  on  glycerol  does  not  appear  to  hâve  been  in- 
vestigated, but,  when  treated  with  phosphorus  pentabromide,  glycerol  yields  di* 
bromohydrin,  CHoBr'CHiOHj'CHoBr  (Aschan,  Bc,\,  1888,  21,  2890).  When 
erythritol  reacts  with  aijueous  hydrobromic  acid,  it  j'ields  a  dibromohydrin, 
C4H6Br2(0H)2,  and  Colson  (Bull.  Soc.  Chivi.,  1887,  48,  53)  found  that  s.-trans- 
tetrabromobutane,  CHaBr'CHBrj'CHBr'CHoBr,  is  produced  in  very  sraall  quantity 
when  erythritol  is  treated  with  phosphorus  pentabromide.  The  action  of  hydro- 
bromic acid  on  mannitol  has  been  investigated  by  Champion  [Zcitschrift,  1871,  348) 
and  Bouchardat  {Ann.  Chim.  Phijs.,  1876,  [v],  6,  102),  who  showed  that,  when 
heated  with  a  saturated  aqueous  solution  of  hydrogen  bromide  at  100°,  it  is  con- 
verted into  a  mannitoldibromohydriu,  CgHsBr.ioH)^. 
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Phys.,  1886,  [vi],  7,  216),  it  yields  erythreue,  CHJCH'CHiCH^,  a 
hydrocarbon  which  bas  also  been  prepared  Ijy  passing  the  vapour  of 
fusel  oil  througb  a  red-hot  tube  (Caventou,  Annalen,  1863,  127,  93), 
and  by  distilling  trimetbylpynolidylammonium  iodide  with  caustic 
potash  (Ciamician,  Magnaghi,  Ber.,  1886,  19,  570,  and  1887,  20,  3064). 
Erythrene  combines  readily  with  bromine,  yielding  a  mixture  of  two 
isomeric  tetrabromides,  C^HgBr^,  which  melt  respectively  at  118'^  and 
39°.  The  former  is  ideutical  with  the  tetrabromoljutane,  Avhich  we 
obtained  from  erythritol  tetracetate  in  the  manner  just  de.scribed. 
Grimaux  and  Cloëz  {Bull.  Soc.  Chiin.,  1887,  48,  32)  hâve  shown  that 
this  substance  distils  at  about  260 — 270°,  and  is,  at  the  sa;ue  time, 
partially  converted  ioto  the  isomeric  tetrabromide  melting  at  39°,  and 
in  oi'der  to  account  for  this  they  assume  that  change  in  constitution 
had  taken  place  during  distiHation,  and  that  the  s-tetrabromobutane 
had  been  converted  into  a  tetrabromo-compound  of  the  formuhi 
CHg*CBr,*CBro*CHg.  This  view  can  hardly  be  accepted  as  correct, 
and  it  is  much  more  probalile  that  the  two  tetrabromides  are  cis-  and 
^ra?is-niodifications  : 

Br'ÇH-CHgBr  Br'CH,-Ç-Br 


and  the  broniide  melting  at  39°  is  probably  the  c/s-moditication,  since 
it  is  produced  from  the  less  fusible  (frrtns-)moditication  by  the  action 
of  beat.  Ciamician  seems  to  hâve  held  a  similar  view  of  the  isomerism 
of  the&e  tetrabromo-compounds,  since  he  suggested  in  1887  (Ber.,  20, 
3064)  that  their  relationship  may  be  of  the  same  kind  as  that  of  the 
inactive  modifications  of  dibromosuccinic  and  tartaric  acids. 

The  constitution  of  erythrene,  CH^lCH'CHICHo,  is  proved  beyond 
doubt,  not  only  by  its  method  of  formation  from  erythritol,  but  also 
l)y  the  fact  that  it  yields  stetrabromobutane  when  treated  with 
bromine.  This  hydrocarbon  contains  the  grouping  -CIC'CIC-,  and  its 
behaviour  towards  bromine  seems  therefore  to  make  it  an  exception  to 
the  généralisation  of  Thiele  {Annalen,  1898,  306,  87  ;  1901,  319, 
129). 

IV.  The  tetracetate  o/  peuteri/thriiol,  CXCHo'O-CgHgO)^,  yielded 
interesting  results,  since,  when  heated  with  acetic-hydrol)romic  acid  at 
160°,  it  was  converted  into  s-tet7-abroniotetra))iet/ii/l méthane,  G^CHoBr)^, 
Ijut  the  principal  product  of  the  reaction  was  tribromotriine(h>/lcarbi)i)/l 
acétate,  (CHoBr)3C'CH2*0'CoH30,  one  of  the  acetyl  groups  having 
escaped  replacement  by  bromine. 

V.  In  the  case  of  mannltol  hexacetate,  it  was  fouud  impossible  to 
replace  more  than  five  of  the  acetyl  groups  by  bromine,  and  the 
product  of  the  reaction  is  pentabromohexyl  acétate,  CgHjjBr^(0*C2HyO), 
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a  cryslalline  substance  which  melts  aL  139°.  It  is  reinarkable  with 
wliat  tenacity  one  of  the  acetyl  groups  remains,  not  only  in  this  case,  but 
also  in  the  case  just  mentioned  of  the  tetracetate  of  pentaerythritol. 

We  hâve  also  attempted  to  apply  the  method  described  above  to  the 
case  of  aromatic  substances,  but  without  success. 

When  phenyl  acétate,  CgHg'O'C^HgO,  for  exemple,  was  heated  with 
acetic-hydrobromic  acid,  profound  décomposition  set  in  with  much 
charring,  and  no  trace  of  bromobenzene  could  be  isolated  from  the 
product.  Thèse  négative  results  led  us  to  investigate  the  action  of 
phosphorus  pentabromide  at  the  ordinary  température  ou  the  trihydric 
phénols,  pyrogallol  and  phloroglucinol,  but  no  substitution  of  hydroxyl 
by  bromine  could  be  observed.  When  the  reaction  was  carried  out  in 
the  présence  of  an  indiffèrent  solvent,  such  as  benzène,  pyrogallol 
yielded  a  dibromopyrogallol  of  the  probable  formula  : 

OH 


Br/     >0H 

\    /OH 


Br 


which  had  not  previously  been  prepared.     It  melts  at  150'-'  and  yields  a 
triacet>jl  derivative,  G^\\Bi\^{Q'C-^p).^,  raelting  at  143°. 

Phloroglucinol,  under  similar  conditions,  is  converted  into  tribromo- 
phloroglucinol  : 

OH 


Br/     >Br 

oh' ^/'OH  ' 

Br 

whi'ch   had  previously   been  obtaiued   by  bromiuating  phloroglucinol 
in  acetic  acid  solution  (Herzig,  Jlonaiah.,  1885,  6,  885). 

That  phosphorus  pentabromide  should  exert  such  a  pronounced 
brominating  action  at  the  ordinary  température  and  'n  the  présence  of 
an  indiffèrent  solvent  seem:  remarkable. 

s-2Vibromoj)roj)ane  (Tribromohydrin),  CHgBr'CH Br'CHoBr. 

VVh'.n  glycerol  is  digested  with  acetic  anhydride,  it  is  readily  con- 
verted into  diacetin,  but  even  when  a  large  excess  of  the  anhydride  is 
employed  very  little  triacetin  is  produced  (Seelig,  Ber.,  1891,  24, 
3467;  Geitel,  J.  2»:  Cheia.,  1898,  [ii],  57,  117).  We  hâve  found  that 
the  following  method  may  conveniently  be  used  in  preparing  pure 
triacetin  (compare  Erwig  and  Koenigs,  Ber.,  1889,  22,  1464). 

Grlycerol  (20  grams)  is  digested  for  one  hour  with  acetic  anhydride 
(150  grams)  and  zinc  chloride  (1  gram),  the  product  is  mixed  with 
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ether,  rapidly  wasbed  with  water,  dried  over  calcium  chloride,  and 
fractionated.  Alrnosb  the  whole  quantity  distils  at  258 — 2oi)'^  (760  mm.) 
and  consists  of  pure  triacetin,  since  a  second  treatment  with  acetic 
anhydride  and  zinc  chloride  does  not  alter  the  properties  of  the  sub- 
stance. Triacetin  (5  grams)  was  now  mixed  with  the  solution  of 
hydrogen  bromide  in  acetic  acid  (28  grams)  and  heated  in  a  sealed 
tube  for  10  hours  at  150 — 160^^,  the  product  was  then  poured  into 
water  and  distilled  in  steam.  The  volatile  oil  was  extracled  with 
ether,  the  ethereal  solution  dried  over  calcium  chloride  and  evaporated, 
when  almost  the  whole  quantity  distilled  at  217 — -2 19'^  (738  mm.)  as 
a  colourless  oil  which  solidified  in  a  freezing  mixture  and  consisted  of 
pure  s-tribroiaoprojjatie. 

0-2015  gave  0  4071  AgBr.     Br  =  85  7. 

CgHjBrg  requires  Br  =  85'8  per  cent. 

The  method  just  described  yields  a  very  pure  product,  but  it  is,  of 
course,  much  too  laborious  to  serve  as  a  means  of  préparation,  and  as 
vve  required  considérable  quautities  of  tribr^mopropane  for  future 
experiments,  we  worked  out  the  following  convenient  method  for  the 
préparation  of  this  substance.  Allyl  bromide  (100  grams)  is  dissolved 
in  an  equal  volume  of  chloroform  and,  after  cooling  in  a  mixture  of  ice 
and  sait,  a  solution  of  bromine  (44  ce.)  in  an  equal  volume  of  chloroform 
is  slowly  added,  care  being  taken  to  keep  the  température  below  -  5° 
during  the  opération,  The  chloroform  is  then  distilled  oft'  and  the 
tribromopropane  purified  by  distillation  under  i-educed  pressure. 

s-Tetrabromobutane,  CHaBr-OHBr-CHBr-CHaBr. 

Erythritol  is  readily  converted  into  its  tetracetate  when  it  is 
digested  for  a  few  minutes  with  acetic  anhydride  and  a  small  pièce  of 
zinc  chloride  ;  on  pouring  the  product  into  water,  the  tetracetate 
séparâtes  as  a  crystalline  mass  which,  after  crystallisation  from  acetic 
acid,  melts  at  89°,  This  tetracetate  (20  grams)  was  heated  in  sealed 
tubes  with  the  solution  of  hydrogen  bromide  in  acetic  acid  (100  grams) 
for  10  hours  at  160 — 170°,  the  contents  of  the  tubes,  whic'a  contained 
only  very  small  quantibies  of  carbonaceous  matter,  were  diluted  with 
water  and  distilled  in  steam,  when  a  colourless  oil  condensed  which 
rapidly  became  semi-solid,  The  mass  was  collected  at  the  pump, 
washed  with  water,  and  left  in  contact  with  porous  porcelain  until 
quite  free  from  oil  ;  it  was  then  crystallised  from  glacial  acetic  acid. 

The  crystalliae  mass,  which  was  obtained  in  a  yield  of  15  grams, 
melted  at  118 — 119°,  and  consisted  of  s-tva,ns,-telrabromobutaue,  as  the 
following  analy^is  shows  : 

0-1408  gave  0-2815  AgBr.     Br  =  85i. 

C^HgBr^  requires  Br  =  85*5  per  cent. 

3  M   2 
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A  considérable  quantity  of  this  tetrabromo-conipouncl  was  submitted 
to  distillation  under  reduced  pressure,  when  it  was  found  that  almost 
the  wiiole  passed  over  at  130 — 135°  (30  mm.)  with  scarcely  any  décom- 
position. No  transformation  of  the  trans-  into  the  cts-modification 
had  taken  place  during  distillation  (compare  p.  857),  as  was  shown 
by  the  fact  that  the  product,  when  fractionally  crystallised  from 
light  [)etroleum,  yielded  nothing  but  the  tetrabromo-compound  melting 
at  118—119°. 

When  the  aqueous  liquors  from  the  distillation  in  steam  (see  above) 
were  extracted  with  ether,  a  considérable  quantity  of  a  viscid  oil  was 
obtained  ;  this  was  added  to  the  ethereal  ex  tract  of  the  porous  porcelain 
used  in  the  purification  of  the  crude  tetrabromobutane  and  fractionated 
under  reduced  pressure.  It  was  thus  separated  into  a  heavy,  mobile 
oil  boiling  at  122 — 127°  (26  mm.),  and  a  viscid,  syi'u])y  substance  which 
distilled  at  164—165°  (27  mm.). 

The  former  evidently  consisted,  for  the  most  part,  of  the  cis- 
modification  of  tetrabromobutane,  although  the  analytical  numbers 
(Br  =  83'6  instead  of  85'5)  were  not  very  satisfactory.  The  oil 
boiling  at  164 — 165°  (27  mm.)  is  probably  the  ti'ibromohydrin  of 
erythritol;  but  we  were  not  successfui  in  obtaining  it  in  a  state  of 
purity. 

0-1473  gave  0-0784  CO2  and  0-0256  HgO.     0=145;  H  =  2-0. 
0-2445  gave  0-4544  AgBr.     Br  =  79-0. 

C4H70Br3  requires  0  =  15-4;  H  =  2-2  ;  Br  =  77-1  per  cent. 

s-Tet)'abromoletramethi/lniethane,    C(CH2Br)4,    and     Tribromotriinethyl- 
carhinyl  acétate,  (CH2Br)3C-CH,,-0-02H30. 

The  penterythritol  employed  in  thèse  experiments  was  prepared  by 
the  condensation  of  formaldehyde  with  acetaldehyde  in  the  présence  of 
milk  of  lime  exactly  according  to  the  instructions  of  Tollens  and 
Wigand  {Annalen,  1891,  265,  319).*  In  order  to  obtain  the  tetr- 
acetyl  derivative,  the  alcohol  (20  grams)  was  digested  with  acetic 
anhydride  (75  grams)  and  a  small  pièce  of  zinc  chloride,  when  a  vigorous 
reaction  set  in  and,  after  boiling  for  two  hours,  the  product  was  cooled 
and  shaken  with  three  times  its  volume  of  water. 

The  tetracetate,  which  separated  in  voluminous  needles,  is  in  this 
form  sufficiently  pure  for  the  experiments  described  in  this  paper  ;  it 
ci-ystallises  readily  from  alcohol  in  glistening  needles  and  melts  at 
84—86°.  Tollens  and  Wigand  {loc.  cit.,  p.  327),  who  prepared  the 
same  acétate  from  penterythritol  by  the  action  of  sodium  acétate  and 
acétate  anhydride,  give  the  same  melting  point,  and  they  proved  by  a 

*  Wc  are  much  indebted  to  Frof.  "W.  J.  Pope  for  a  large  supiily  of  this  valuablc 
luaterial. 
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direct  détermination  of  the  acetyl  gi'oups  that  the  substance  is  tetr- 
acetylpentei'ythritol.  In  investigating  the  behaviour  of  this  substance 
towards  hjdrogen  bromide,  it  was  heated,  in  quantities  of  5  grams, 
with  the  solution  of  hydrogen  bromide  in  acetic  acid  (50  grams),  in 
which  it  readily  dissolves,  in  a  sealed  tube  at  160^  for  8  hours. 

Very  little  discoloration  had  taken  place  and  the  tube  was  filled 
with  crystals  ;  after  pouring  into  water,  the  raass  was  collected  at  the 
pump,  washed  with  water,  and  ciystallised  from  glacial  acetic  acid, 
from  which  %tetrahromotetramethylmethane  separated  in  glistening,  If^afy 
masses. 

0-2062  gave  0-3998  AgBr.     Br-82-6. 

CgHgBr^  requires  Br  =  82-5  per  cent. 

This  interesting  substance  had  already  been  obtained  by  Rave  and 
ToUens  [Annalen,  1893,  276,  61)  by  the  action  of  phosphorus  tri- 
bromide  on  penterythritol,  and  thèse  authors  state  that  it  melts  at 
1.54 — 156";  but,  after  repeated  recrystallisation  from  acetic  acid,  we 
found  that  the  correct  melting  point  was  158".  One  of  the  most 
characteinstic  properties  of  the  tetrabromide  is  the  fact  that  it  is  very 
sparingly  soliible  in  the  usual  solvents  ;  it  is,  however,  moderately 
soluble  in  boiling  toluène  or  glacial  acetic  acid.* 

The  acetic  acid  mother  liquors  from  the  purification  of  the  tetra- 
bromide  yield,  on  dilution  with  watei-,  an  oil  which  soon  becomes  semi- 
solid,  and  if  this  is  left  in  contact  with  porous  porceîain  until  the  oily 
impurity  is  absorbed,  a  colourless  mass  remains  which,  on  crystallisa- 
tion  from  light  petroleum,  is  readily  sepai'ated  into  small  quantities 
of  tttrabi'omotetramethylmethane  and  into  trihromotrimethylcarbiwjl 
acétate.  After  repeated  crystallisation  from  light  petroleum  (b.  p. 
60 — 70")  this  latter  substance  yielded  the  following  results  on  analysis  : 

01922  gave  0-1568  CO2  and  0-0519  HoO.    C  =  22-3  ;  H  =  3-0. 
0-1748     „     0-2689  AgBr.     Br=65-4.'' 
0-1638     „     0-2522  AgBr.     Br-65-5. 

C.H^^OgBrg  requires  C  =  22-8  ;  H  =  3-0  ;  Br  =  65-4  per  cent. 

Tribromotrhnethylcarhinyl  acétate  séparâtes  in  large,  glistening  prisms 

*  A  uumber  of  experiments  on  the  action  of  s-i!ra«s-tet.rabioinotetianiethyl- 
niPthane  on  the  sodium  derivatives  of  ethyl  malonate,  cyanoacetate,  &c.,  were 
institnted,  as  very  interesting  results  niight  be  expected  from  the  study  of  sucli 
reactions.  The  décomposition  was,  however,  in  each  case  most  incomplète,  and 
definite  products  could  not  be  obtained  in  sufficient  quantity  for  investigation. 
Thèse  négative  results  seem  to  be  due  partly  to  the  fact  that  i'-totrabromotetra- 
methylniethane  is  very  sparingly  soluble  and  partly  to  its  unexpectedly  stable  nature. 

The  leactions  were  carried  out  in  the  présence  of  varions  solvents,  but,  even  when 
a  large  exeess  of  the  sodium  derivative  was  employed,  much  of  the  tetrabromotetra- 
methylmethane  was  always  recovered  from  the  product  of  the  reaction. 
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resembliag  sugar  crystals  when  its  solution  in  light  petroleum  is 
allowed  to  slowly  cvaporate  in  the  air.  Tt  melts  at  44 — 45°,  and, 
unlike  tetrabromotetr.imetliylmethane,  is  readi'y  soluble  in  most 
organic  solvents. 

Pentohromohex^jl  Acétate,  Q^^^^v,{0'Q.^.Jd). 

The  mannitol  hexacetate  required  in  thèse  expérimenta  was  pre- 
pared  by  heating  mannitol  (20  grams)  with  acetic  anhydinde  (100 
grams)  and  zinc  chloride  (1  gram)  in  a  reflux  apparatus  for  one 
hour. 

On  pouring  the  cold  product  into  water,  the  hexacetate  was  pre- 
cipitated  as  a  crystalline  solid  and  purified  by  recrystallisation  from 
acetie  aeid,  from  which  it  separated  in  colouiless  needles  of  melting 
point  121 — 122°.  In  investigating  the  action  of  hydrogen  bromide,  the 
acétate  (4  grams)  was  mixed  with  the  saturated  solution  of  hydrogen 
bromide  in  acetic  acid  (28  grams)  and  heated  in  a  sealed  tube  in  boil- 
ing  water  for  one  day  and  then  for  10  hours  at  130 — 140°. 

The  product,  which  contained  only  a  trace  of  carbonaceous  matter, 
was  poured  into  much  water,  when  a  heavy  oil  sepai'ated  ;  this  was  ex- 
tracted  with  ether,  the  ethereal  solution  washed  with  water  and  then 
with  sodium  carbonate,  dried  over  calcium  chloride,  évaporât ed,  and  the 
l'esidue  repeatedly  extracted  with  boiling  light  petroleum. 

After  filtering  and  evaporating,  a  pale  yellow  oil  was  obtained  which, 
over  sulphuric  acid  in  an  exhausted  desiccator,  gradually  became  semi- 
solid  and,  in  contact  with  porous  porcelain,  the  oily  impurity  was  soon 
l'emoved,  leaving  an  almost  colourless  mass  of  crystals,  From  light 
petroleum,  the  substance  séparâtes  in  stars  and,  aftf^r  twice  recrystallis- 
ing,  the  folio wing  results  were  obtained  on  analysis  : 

0-1829  gave  0-1213  CO.^  and  0-'  328  H^O.     G- 18-0  ;  H- 2  0. 
0-1611     „     0-2806  AgBr.     Br  =  74-1." 
0-1864     „     0-3262  AgBr.     Br  =  74-4. 

CgHi^Br^Oa  requires  0=178;   H  =  2-0  ;  Br  =  74-2  per  cent. 

Pentahromohexijl  acétate  melts  at  138 — 139°. 

Several  attempts  were  made  to  couvert  this  substance  into  hexa- 
bromohexane,  CHoBr(0HBr)^CH2Br,  by  the  removal  of  the  remaining 
acetyl  group,  but  withoi;t  success.  In  one  experiment,  the  pentabromo- 
compound  was  heated  with  a  very  large  excess  of  the  solution  of 
hydrogen  bromide  in  acetic  acid  at  150 — 160°  for  8  hours.  The  clear, 
pale  yellow  solution  was  poured  into  wiiter,  when  a  solid,  crystalline 
substance  sepai^ated,  which  was  found  to  be  unchanged  pentabromo- 
hexyl  acétate. 
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Dihroiuopyrogallol,  C^ïi^r^J^OH)^. 

This  substance  is  produced  when  pyrogallol  (14  gratns)  is  suspended 
in  benzène  (250  ce.)  and  allowed  to  reaet,  at  the  ordinary  température, 
with  phosphorus  pentabromide  (100  grams).  Hydrogen  bromide  is 
evolved  in  quantity  and,  if  after  24  hours  the  whole  is  shaken  with 
water,  a  vvhite  solid  séparâtes.  This  is  collectod  at  the  pump,  mixed 
with  a  small  quantity  of  the  same  substance  which  is  obtained  by 
evaporating  the  benzène  solution,  and  the  whole  purified  by  recrystalliS' 
ation  from  water. 

0-2503  gave  0-2344  CO^  and  0-0359  Hp.     C  =  25-5  ;  H  =  1-6. 
0-1554     „     0-2"57  AgBr.     Br  =  56-3. 

CgH^OaBro  requires  C  =  25-3  ;  H  =  1  -4  ;   Br  =  56  3  per  cent. 

Dihromopyrogallol  does  not  appear  to  hâve  been  previously  pi^epared. 
It  is  a  colourless,  crystalline  substance  which  melts  at  150°  and  is 
re.idily  soluble  in  hot  water  or  alcohol,  but  only  sparingly  so  in  benzène 
or  light  petroleum.  It  dissolves  readily  in  caustic  alkalis,  yielding 
solutions  wliich  rapidly  become  brown  in  contact  witli  the  air. 

Triacetyldihi'omopijrogallol,  C,jHBr2(0'CoH^O)3. — This  acetyl  com- 
pouud  is  readily  obtained  by  digesting  dibromopyrogallol  (3  grams)  for 
one  hour  with  ace'ic  anhydride  (20  grams)  and  a  small  pièce  of  zinc 
chloride,  The  cold  product  is  mixed  with  water,  the  solid  which 
séparâtes  collected  on  the  pump  and  purified  by  recrystallisation  from 
acetic  acid. 

0-1726  gave  0-2226  CO^  and  00401  H^O.     C  =  35-l  ;  H  =  24. 
0-1931    -„     0-1791  AgBr.     Br  =  39-4. 

Ci.HjyOgBr^  requires  C  =  35-1  ;  H  =  2-5  ;  Br  =  390  per  cent. 

Triacetyldibromopyrogallol  separ.ttes  from  acetic  acid  in  glistening 
plates  and  melts  at  143°. 

Trihromophloroglucinol,  CgBr3(OH)3. 

The  phloroglncinol  used  in  thèse  experiments  was  first  dried  at 
110 — 120°,  in  order  to  remove  the  water  of  crystallisation,  and  the 
anhydrous  substance  (14  grams)  suspended  in  benzène  was  mixed  with 
phosphorus  pentabromide  (100  grams)  and  allowed  to  stand  at  the 
ordinary  température  for  24  hours.  The  mixture  was  poured  into 
water,  and  the  solid  which  separated  collected  at  the  pump  and  purified 
by  recrystallisation  from  water.  The  brownish  needles  thus  obtained 
contained  water  of  crystallisation,  which  was  removed  hy  drying  at 
100—110°.  The  anhydrous  substance  melted  at  149—150°,  and  gave 
the  following  res'dts  on  analysis  ; 
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0  1912  gave  0-1396  COg  and  0-0202  H.,0.     0  =  199  ;  H=  M. 
OeHaOgBrg  reqiures  C  =  199  ;'  H  =  0-8  per  cent. 

There  can  be  no  doubt  that  tliis  substance  is  trihromopldoroglucinol , 
since  the  triaoetyl  compound,  prepared  by  means  of  acetic  anhydride 
and  zinc  cliloride,  melted  at  180 — 183°,  whereas  Herzig  {Afonatsh., 
1885,  6,  887)  gives  the  melting  point  of  this  substance  as  181—183°, 

The  Schunck  Laboratory, 
The  Victoria  University  ûf  Manchester, 


LXXXIX. — The  Ethereal  Salts  and  Amide  ofDimethoxy- 
jwopionic  Acid  derived  from  à-Glyceric  Acid. 

By  Percy  Fabaday  Frankland  and  Norman  Leslie  Gebiiard,  M.Sc. 

In  a  numlier  of  pi^evious  communications  by  one  of  us  it  lias  been 
shown  how  the  optical  activity  of  (/-glyceric  acid  is  affected  by  the 
substitution  of  : 

(1)  Its  earboxylic  liydrogen  by  methyl,  ethyl,  propyl,  butyl,  etc. 
(ethereal  salta  of  cZ-glyceric  acid). 

(2)  The  two  hydroxylic  hydrogen  atoms  in  the  above  ethereal  salts 
by  the  acetyl,  propionyl,  l)enzoyl,  toluyl,  phenacetyl,  and  chloro- 
aeetyl  radieles  (ethereal  salts  of  diacidyl  glyceric  acids). 

(3)  The  earboxylic  hydroxyl  l)y  the  amido-,  anilido-,  ko...  gi-oups 
(amide,  anilide,  &c.,  of  (^-glyceric  acid). 

The  présent  communication  deals  with  the  eiïect  on  rotation  of  the 
substitution  by  two  methyl  groups  of  the  two  hydroxylic  liydrogen 
atoms  in  the  ethereal  salts  of  c^-glyceric  acid  (ethereal  salts  of 
dimethoxypropionic  acid),  together  with  an  account  of  the  amide  and 
methylamide  of  dimethoxypropionic  acid. 

Thèse  substitutions  were  effected  bytaking  advantage  of  the  élégant 
method  of  alkylation  diseovered  and  elaborated  by  Purdie  and  his 
pupils  (Trans.,  1899,  75,  153  and  483),  in  which  the  ester  of  the 
hydroxy-acid  is  acted  upon  by  alkyl  iodide  in  the  présence  of  silver 
oxide.  This  reaction  is  of  the  very  gi-eatest  value  in  alkylating 
optically  active  hydroxy-acids,  inasmuch  as  it  bas  been  shown  by  thèse 
investigators  that  no  racemisation  takes  place  in  the  process. 

By  the  alkylation  of  the  ethereal  salts  of  rZ-glyceric  acid,  the  optical 
activity  (lœvorotation)  is  in  ail  cases  greatly  increased  without  change 
of    sign,   and    this   increase    effected    by   alkylation   is   much    more 


AMIDE    OF   DIMETHOXYPROPIONTC    ACTD. 


865 


pronounced  than  that  effectecl  by  the  corresponding  process  of  acetyla- 
tion,  thus  : 

Molecular  Rotation,  [M]]f. 


Methyl 


Ethy 

Propyl 

isoPropyl     

H-Butyl   

ï.wButyl  

f<ec.  - Amy l  (bntylmetliyl), 

w-Heptvl ■       23-05 

//-Octvî    '       22-23 


Glyeerate. 


-5-76° 
12-30 
19-15 
17-49 
21-37 
23-05 
24-85 


Increasein  I  Increa.se  m 

rotation    !  Diacetyl-  ;    '"/'^^'°'^ 
1      ,        Il          ■',  due  to 

due  to      I  glyeerate. 


acetylation. 


18-80° 
23-26 
2602 
24-20 

27-33 
25-69 

24  -84 
25-64 


24-56° 
35-56 
45-17 
41-69 

50-38 
50-54 

47-89 
47-92 


methyl- 
ation. 


98-0° 
102-1 
103-3 


104-8 
103-3 


Di- 

methoxy- 
prnpionate. 


103-8° 
114-4 
122-5 


127-9 
125-6 


From  the  above  it  will  be  seen  that,  both  in  the  case  of  acetylation 
and  of  alkylation,  the  increase  in  molecular  rotation  is  remarkably 
constant  throughout  the  séries  of  esters  from  the  ethyl  term  upwards. 
As  in  the  case  of  pi^actically  ail  the  other  physical  constants  of  horao- 
logous  séries,  the  methyl  term  is  exceptional,  and  both  by  acetylation 
nnd  alkylation  the  incrément  in  the  molecular  rotation  of  the  methyl 
ester  is  distinctly  less  than  in  the  case  of  the  higher  esters, 

Considering  only  the  esters  of  the  normal  alcohol  radicles,  it  will  be 
observed  that  both  in  the  glycerates  and  in  the  dimethoxypropionates 
the  maximum  molecular  rotation  is  reached  in  the  case  of  the  heptyl 
term,*  whilst  in  the  case  of  the  diacetylglycerates  the  heptyl  and 
octyl  esters  are  practically  of  identical  molecular  rotation,  so  that 
there  is  no  évidence  of  a  maximum  having  been  attained  in  tins 
séries. 

It  is  noticeable,  also,  that  in  the  normal  dimethoxypropionates,  as  in 
the  other  normal  séries,  the  further  incréments  in  molecular  rotation, 
after  the  prop}'!  term  bas  been  reached,  are  comparatively  small.  This 
phenomenon  serves  to  emphasise  what  has  already  been  pointed  out  by 
one  of  us,  that  inasmuch  as  on  stereochemical  grounds  it  isbelieved  that 
"  a  continuons  chain  of  five  carbon  atoms  will  ail  but  return  upon 
itself,  and  beyond  this  further  additions  to  the  chain  will  lead  to  such 
interférence  as  must  necessitate  a  readjustment  of  the  exact  positions 
occupied  by  the  carbon  atoms  in  a  shorter  chain  ....  this  stereo- 
chemical change  should  be  betrayed  by  some  irregularity  in  the  rotatory 
manifestations." 

*  Of  course,  the  maximum  may  be  attained  at  the  pt-ntyl  or  hexyl  term.  the 
rotation  of  thèse  esters  being  still  unknown. 
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The  anticipated  "  irregularity  "  is  in  ail  the  three  normal  séries 
referred  to  above  recognisable  in  the  greatly  diminished  rate  of 
increase  in  the  molecular  rotation  which  takes  place  after  the  propyl 
term  has  been  reached. 

The  rotations  hâve  in  ail  cases  been  determined  over  a  wide  l'ange  of 
température  from  15 — 97°,  and  with  rise  of  température  a  diminution 
in  the  rotation  invariably  takes  place,  whilst  in  the  case  of  the 
glycei-ates  and  diacetylglycerates  it  has  been  previously  shown  that  the 
rotation  increases  with  rise  of  temperatui-e. 

In  view  of  the  great  similarity  between  the  structure  of  the  lactates 

and  glycerates,  it  is  interesting  to  compare  the  molecular  rotations  of 

thèse  on  the  012e  hand,  and  of  their  correspondingly  alkylated  deriv- 

atives  on  the  other  ;  thus  the  following  figures  are  given  by  Purdie 

and  Irvine  (Trans.,  1899,  75,  487)  : 

Effect  of  Mono-raethoxy- 

Lactates,                     alk)-]ation  on  propionates, 

[M]-f.                  molecular  rotation.  [M]2o°. 

Methyl  -8-6°  -1041°  -112-7° 

Etliyl -r2-2  -106-7  -118-9 

Mono-ethoxy- 
propionates. 

Methvl  -8-6°  -99-1°  -107-7" 

Ethyi -12-2  -104-2  -116-4 

Effei^t  of  acetylation.       Acetyl-lactates.* 

Etliyl -12-2°  -67-5°  -79-7° 

"  Purdie  and  Williamson,  Trans.,  1896,  69,  830. 

On  comparing  thèse  figures  with  those  in  the  previous  table 
referring  to  the  glycerates  and  their  derivatives,  it  will  be  seen  that 
not  only  hâve  the  lactates  and  glycerates  very  similar  rotations,  but 
the  mono-  and  di-methoxypi'opionates  are  also  very  similar  in  i^otatory 
power,  the  groups  CH3-  and  CHg'O-CH^-  having  apparently  very 
similar  rotatory  effects  when  they  ai-e  directly  united  to  the  asymmetric 
Carbon  atom.  On  the  other  hand,  there  is  a  very  great  différence 
between  the  rotations  of  ethyl  acetyl-lactate  and  ethyl  diacetyl- 
glycerate. 

Tins  différence  between  the  rotatory  effects  of  the  alkyloxy-  and 
the  acyloxy-groups  has  already  been  pointed  out  by  Purdie  and  Irvine 
(Trans.,  1901,  79,  964)  in  respect  of  ethyl  malate,  ethyl  mono- 
methoxysu  cinate,  and  ethyl  acetylmalate,  on  the  one  hand,  and  of 
ethyl  tartrate,  ethyl  dimethoxysuccinate,  and  ethyl  diacetyltai-trate  on 
the  other.  In  fact,  the  relationship  between  the  constitution  of  the 
lactates  and  the  glycei^ates  is  very  similar  to  that  subsisting  between 
the  malates  and  the  tartrates,  and  in  the  following  tables  the  molecular 
rotations  of  the  several  lactic  and  malie  derivatives  are  compared  with 
those  of  the  corresponding  glyceric  and  tartaric  derivatives  : 
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Methyl  Esters. 


Lactates  and  derivatives. 

f. 

[M]„. 

Glycerates  and  derivatives. 

t°. 

[M^u. 

Methyl  lactate    

20= 

-8-6° 

Methyl  glvcerate 

15° 

-5-8' 

.,       acetyl-lactate     16-5 

-70-4* 

,,       diacetylglycerate 

15 

-24-6 

,,       dipropionylglycer- 

ate 

15 

-25-5 

, ,       di-monochloro- 

acet3dglycerate.. 

15 

-35-2 

,,       di-dichloroacetyl- 

glycerate    

15 

-47-7 

,,       di-phenacetyl- 

glycerate   

14-5 

-57-2 

, ,       di-trichloroacetyl- 

glycerate   

12 

-58-2 

,,      melhoxvpropinnate  '  20 

-112-7 

,,       di-niethoxypro- 

1 

pionate  

15 

-103-8 

,,      ethoxypropionate...   20 

-107-7 

di-o-tolnyl- 

glycerate   

20 

+  71-9 

,,       di-benzoyl- 

glyceiate   

20 

+  87-5 

„       di-?n-tolnyl- 

glycerate   

20 

+  94-0 

,,       di-^-toluyl- 

1 

gl3'cerate   

20 

+  146-7 

*  Calcnlated  from  the  value  given  by  P.  Frankland  and  Henderson,  see  footnnfe 
in  next  table. 

Ethyl  Esters. 


Lactates  and  derivatives. 

t°. 

[M]„. 

Glj'cerates  and  derivatives 

f. 

[M]n. 

Ethyl  laotate 

20° 

-12-2° 

Ethvl  glycerate 

15' 

-12-3° 

.,      aretyldactate  

•?n 

-79-7 

.,      diacetylglycerate    .. 

15 

-35-6 

..      di-monochloro- 

acetylglycerate   .. 

15 

-48-2 

j      „      di-dichloroaeetyl- 

1                glycerate 

16-8 

-65-3 

,,      di-trichloroacetyl- 

'                glycerate 

12-5 

-79-3 

.,     methoxv]»ropionate  . 

20 

-118-9 

,,      di-methoxv- 

propiouate  

15 

-n4-4 

jthoxypropionate   ...   20     -110-4 
benzoyl-lactate    15    !    +59-0 


di-o-toluvlglyoer.ate.  20  +80-1 

di-benzoylglycer.ate .  20  +89-2 

di-m-toluylglycerate  20  +99  5 

di-i^-toluvlgXvcerate  20  +156-9 


*  Tliis  figure  i.s  calcnlated  from  t'.e  value  given  by  P.  Frankland  and  Henderson 
(Proc,  1895,  11,  54)  ;  making  allowance  for  the  partial  inactivity  of  their  niatcvial,  a 
similar  calculation  niade  for  ethyl  acetyl-lactate  gave  [M]d  -79-4°,  whilst  Purdie 
and  Williamson  (Trau.s.,  1890,  69,  830),  using  pure  material,  found  -  79-7°. 
Henee,  the  calrulated  values  for  ethyl  henzuyl-laetate  in  this  table  and  for  methyl 
acet3Mactate  in  the  previous  table  are  probably  substantially  correct. 
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Meihyl  Esters. 


Malates  and  devivatives. 

t°. 

[M]„. 

Tart rates  and  devivatives. 

f. 

[M]./2.* 

Methyl  malate   

20° 

-irr 

Methvltartrate 

20° 

+  1-9' 

,,       acetyliTialate 

20 

-4G-8 

,,       dipropionyltartrate 
.,       dibutyryltartrate . . 

15 

-15-5 

,,       propionylmalate  ... 

20 

-r)0-o 

13 

-24-0 

,,       butyrylmalate 

20 

-52-1 

, ,       dimonocliloro- 

acetyltartrate   ... 

20 

-11 

,,      didicliloroacetyl- 

tartrate 

20 

+  23-8 

diphenylacetyl- 

tartrate 

18 

+  30-0 

,,       benzoylmalate 

21 

-ir.-o 

dibenzoyltarti'ate . . 

100 

-140-1 

,,       0  tûluylnialate 

23 

-25  0 

,,      di-o-toluyltaitrate . 

100 
19 

-140-8 
-162-4 

,,      '/H -toluyl malate    ... 

20 

-17-8 

di  -m-  toluyl  tartrate 

100 

-163-6 

,,       j^-toluylnialate 

18-5 

-s-s 

di-^-toluyltartrate. 
di-o-nitrobenzoyl- 

100 

-212-9 

tartrate  

100 

-233-2 

, ,       di-m-nitrobenzoyl- 

tartrate  100 

-164-8 

,.      di-wi-nitrobenzovl- 

tartrate  22 

-188-9 

,,       di-^-nitrobenzoyl- 

tartrate  100 

-256-0 

,,       methoxyi5iiccinate,. 

12 

-92-4 

.,      di-methoxv- 

snccinate  

«0 

+  850t 

,,       ethoxysuccinate   ... 

19 

-115-9 

*  In  the  case  of  tbc  tartrates,  the  molecnlar  rotation  lias  Vieen  halved  in  order  to 
exhibit  that  whieli  is  dne  to  the  single  a.synimetrie  carbon  atom. 

t  At  20°,  the  molecular  rotation  [M]f,/2  wonld  probably  be  about  +90'. 


Ethyl 

EHers. 

Malates  and  derivatives. 

f. 

___ 

20° 
20 

[M]„. 

Tartrates  and  derivatives. 

f. 

[M],,/2. 

Ethyl  malate  

-19-8° 
-52-3 

Ethyl  tartrate  

.,      diacetyltartrate  

20° 
■20 

+  7-9° 

,,     acetylmalate    

+  5-0 

,,     propionylmalate 

20 

-54-6 

.,      dipropionyltartrate. 

16 

+  0-6 

,,     bntyryhnalate  

20 

-57-8 

.,      dibutyryltartrate  .. 
.,      di-monochloro- 

16 

-1-4 

acetyl  tartrate 

15-5 

+  13-3 

,,      di-diehloroacetyl- 

tarlrate    

16 

+  34-9 

di-phenacetyl- 

tartrate    

20 
100 

+  39-6 
+  20-0 

,,     benzoylmalate 

21 

-11-4 

,,      di-benzoyltartrate... 

20 
100 

-123-6 

-1-25-8 

,,     o-toluyhnalate  ,. 

21 

-19-3 

,,      di-o-tolnyltartrate... 

30 
100 

-133-4 
-121-0 

,,     ;/(-toluylmalate    

21 

-14-4 

,,      di-î/t-toluyltartrate. . 

20-5 
100 

-153-2 
-140-9 
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Eiliyl  Esters  (continued). 


Malates  and  derivatives.       f.       [M]u.      Tartiates  aud  derivatives 


Etliyl  /)-toluylinalate 20° 


iiiethoxysuccinate 
ethoxysîiccinale  .. 


18     -102-2 
17     -121-0 


Ethyl  di-;>tohiyltartrate  ..20° 
100 
, ,      di-pvroniucyl- 

tartrate    20 

,,      di-o-uitiobeuzoyl- 

tai'trate    15 

100 
,,      di-m-nitrobeuzoyl- 

tartratc    20 

100 
, .      di-^J-nitrobenzovl- 

tartiate    ". 13 

99 

.,      di-mcthoxysuccinate    20 

di-ethoxvsucciuate..    18 


[MJ„/2. 


-242-2'' 
-198-9 

-1607 

-332-3 
-157-9 

-178-7 
-162-2 

-325-9 
-245-9 
+  105-3 

+  1-22-1 


Dimethoxypropionic  Amkle  and  MetJbylainide. 
We  hâve  atlded  to  tlie  number  of  known  optically  active  amides  by 
the  préparation  of  two  new  représentatives  of  tbis  class — dimethoxy- 
propionamide  and  dimethoxypropionic  methyhimide.  The  amide  bas 
had  its  rotation  determined  in  water  and  in  pyridine,  the  methylamide 
in  methyl  alcobol  solution. 

In  the  following  table,  the  rotations  of  thèse  compounds  are  compared 
with  those  of  some  closely  allied  amides  : 

p,  per  cent. 
Solvent.         soUition.  t°.  [M]t,. 

Glyceiamide  Liquid  —  20'  -46-4" 

Methvl  alcohol     2-4390  20  -66-2 

" ,,  4-7619  20  -64'9 

Diuiethoxyproinouamide    ,,  1-6026  20  -72-4 

„  3-1283  20  -72-6 

L)imetlioxypi-o2»iouic  methylamide..  ,,  l'05-20  20  -87  2 

1-8918  20  -86-3 

Malaniide Water  c^4-32  20  -49-6 

, ,,  c  =  8-65  20  -50-2 

[MJ./2.* 

Taitiamide    ,,  0-077  20  +80  0' 

,,  1-305  20  +79-0 

Taitaric  methylamide ,,  0-994  20  +127-5 

,,  10-35  20  +121-0 

Dimethoxysucciuamide  ,,  c=:  0-72  20  +S3-l°-f- 

,,  (notgiveu)  20  +93-2  f 

*  As  in  the  previous  tables  (p.  868  and  above),  the  raolecular  rotations  of  the 
tartaric  derivatives  hâve  beeu  halved  in  order  to  exhibit  the  rotation  due  to  a  single 
asymmetric  carbon  atom. 

t  Both  thèse  values  are  given  liy  Purdie  and  Irviue  ^Trans. ,  1901,  79,  960),  wlio, 
îiowever,  suggest  that  the  higher  one  is  above  the  trutli  owing  to  the  in-obable 
présence  ofa  small  quantity  of  .some  more  active  product. 
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Froni  the  above  it  will  be  seen  that  tlie  molecular  rotations  exhibit 
the  following  relationships  : 

GlyceiMmide     <     dimethoxypropionamide     <     dimetlioxypropionic 
methylamide  (ail  three  in  methyl  alcoliol  solution)  ;  similarly 

Tartramide  <  dimethoxysuccinamide  (botli  in  water  solution),  and 
ïartramide  <  taitaric  methylamide  (both  in  water  solution),  and 
Malamide  <  tartramide  (both  in  water  solution). 


Expérimental. 

The  dimethoxypropionates  were  in  ail  cases  prepared  by  the 
mtthylation  of  the  corresponding  glyceric  esters,  the  latter  being 
obtained  by  heating  active  glyceric  acid  with  the  alcohol  in  a  sealed 
tube  asdescribed  by  P.  Frankland  and  MacGregor  (Trans.,  1893,  63, 
511,  1410). 

Methyl  Dimethoxypropiunale. 
The  methyl  glycerate  employed  exhibited  a  rotation 
ai, -6-44°,  ^-1,  «  =  20°, 
whilst  Frankland  and  MacGregor  {loc.  cit.)  found 
a„-6-15°,  1=1,  t  =  \b°. 

Twenty-four  grams  of  methyl  glycerate  (1  mol.),  together  with 
methyl  iodide  (6  mois.),  were  dissolved  in  ether,  and  to  tins  sil ver  oxide 
(3  mois.)  was  added,  the  vigorous  reaction  which  ensued  being  moder- 
ated  by  cooling.  Subsequently  the  mixture  was  heated  for  four  hours 
on  the  water-bath,  filtered,  and  the  residue  x-epeatedly  extracted  with 
ether.  The  ethereal  solution  was  dried  over  anhydious  sodium  sul- 
phate,  and,  after  driving  off  the  ether,  distillation  in  a  vacuum  yieldtd 
a  principal  fraction  (13  grams)  between  75'^  and  8U°  under  15  mm. 
pressure  (temp.  of  oil-bath,  90°).     The  rotation  was 

ai, -74-00°,  ^  =  1,  <  =  20°. 

This  product  was  washed  with  water  to  remove  any  unaltered  methyl 
glycerate,  as  well  as  any  of  the  mono-methoxy-derivative  which  might 
hâve  been  formed,  and  after  drying  and  distilling  twice  again,  the 
rotation  and  boiling  point  (77 — 78°  under  15  mm.)  were  practically 
unaltered  : 

ai,- 37*00°,  Z  =  0-4992,  (£  20°/4°=  1-0631. 
[a]r- 69-70°;  [M]r- 103-16°. 

T^he  ester  is  somewhat  soluble  in  cold  water,  from  which  it  séparâtes 
on  warming. 
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U-1536  gave  0-2749  CO^  and  UlllU  H,0.     C  =  48-81  ;  H  =  8-03, 

0-1613     „     0-2875  CO,    „    0-1185  H^O.     C  =  48  61  ;  H-3-16. 

Calculated  for  CgH^.^O^,  C  =  48-65  ;  H  =  8-1 1  per  cent. 

Ethijl  Dimetho.ci/projjionate. 

The  ethyl  glyceiate  u.^ed  for  this  préparation  exliibited  a  rotation 

ai, -10-94°,  1^1,  t  =  '2(r, 

whilst  Frankland  and  MacGregor  {loc.  cit.)  give 

a^- 10-85^,  ^=1,  «=15^. 

237  granis  of  this  ester  were  methylated  as  above  ;  th'3  reaction, 
being  extremely  vigorous,  had  to  be  repeatedly  moderated  by  cooling. 
The  crude  product  distilled  from  the  ether  extract  amounted  to  12 
grams,  and  passed  over  at  85  -90°  (17  mm.;  oil-bath,  110°); 
ai,  -36-05°,  ^  =  0-4992,  <  =  20°.  The  rotation  was  not  afi'ected  by  two 
subséquent  redistillations;  the  boiling  point  of  the  final  product 
(7-5  grams)  was  92°  (17  mm.  ;  oil-bath,  115°). 

I.  01000  gave  0-1890  CO,  and  0-0782  H.O.     C  =  51-55  ;  H  -  869. 
IL  0-1283     „     0-2436  CO^    „    00997  H^O.     C  =  51-78  ;  H  =  8  63. 
Calculated  for  C^Hj^O^,  0  =  5185;  H  =  8-64  per  cent. 

a,,-36-00°,  ?  =  0-4992,  «  =  20°,  c^  20°/4°=  1-0309. 
[ajë'  -  69-95°  ;  [M]î,"'  -  113-32°. 

Propyl  Dimethoxypropiouate. 

The  propyl  glycerate  employed  was  found  to  hâve  a  rotition  a^ 
-14-5°,  ^=1,  f  =  20°,  as  compared  with  that  observed  by  Frankland 
and  MacGregor  {loc.  cit.),  ajj- 14-7°,  ^=1,  i=17°.  The  reaction  in 
methylating  was  again  vigorous. 

From  20  grams  of  propyl  glycerate,  10-5  grams  of  a  faintly  yellow 
liquid  distilliug  at  90 — 100°  (15  mm.;  oil-bath  at  110 — 115)  were 
obtained.  It  had  a  rotation  a^- 34-70°,  ^  =  0-4992,  «  =  20°.  The 
latter  was  practically  unalïected  by  two  further  redistillations,  the 
boiling  point  of  the  final  product  (7-3  grams)  being  93 — 95°  (15  mm.  ; 
oil-bath  at  115°). 

I.  0-1558  gave  03125  COo  and  0-1285  H^O.     C  =  54-70;  H  =  9-16. 
IL  0-1428     „     0-2855  CO!,    „    0-1158  H2O.     C  =  54-53;  H  =  901. 
CAlculated  for  CsH^gÔ^,  C  =  54-54  ;  H  =  9-09  per  cent. 

ai,  -  34-76°,  l  =  0-4992,  t  =  20°,  d  20°^  4°  =  1  -0090. 
[ a  ]r    -  69 -0 1°  ;  [  M  ]i?'    -  1 2 1  -46  \ 
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hutijl  Dimethoxyprojrionate. 

The  butyl  glycerate  used  exhibited  a  rotation  a^  -  7-03°,  ?  =  0-4:992, 
«  =  20°,  as  compared  with  Frankland  and  MacGregor's  value  of  a^, 
-  14-50°,  ?  =  0-992,  i  =  17°.  The  reaction,  on  methylating,  appeared  to 
be  more  violent  than  in  the  previous  cases,  doubtless  owing  to  the 
butyl  glycerate  being  more  soluble  in  methyl  iodide,  whilst  in  the  case 
of  methyl  and  ethyl  glycerate,  complète  solution  in  the  methyl  iodide 
could  only  be  brought  about  by  the  addition  of  ether,  and  it  has  been 
shown  by  Lander  (Trans.,  1900,  77,  729)  that  the  Purdie  reaction  is 
only  applicable  to  substances  soluble  in  the  alkyl  iodide  or  soluble  with 
the  latter  in  a  common  solvent.  After  the  reaction  had  abated,  the 
mixture  was  heated  for  one  hour  on  the  water-bath,  the  products 
separating  into  two  layers.  After  extracting  with  ether  and  drying, 
there  were  obtained  from  28  grams  of  butyl  glycerate  17  grams  of  a 
colourless  liquid  distilling  at  109—114°  (15  mm.  ;  oil-bath,  135"),  and 
of  rotation  a^  -32-11°,  ?  =  0-4992,  f  =  20". 

Washing  with  water  and  redistilling  twice  did  not  affect  the  rotation. 
The  final  product  (12  grams)  distilled  at  114—115°  (15  mm.  ;  oil-bath, 
135°). 

I.  0-1353  gave  02833  CO.  and  0-1154  H.,0.     C  =  57-11  ;  H  =  9-48. 
11.01451     „     0-3040  CO2    „    0-1238  hJo.     C  =  57-14  ;  H  =  9-48. 
Calculated  for  OçiHigO^,  C  =  56-84;  H -9-47  per  cent. 

ai,-32-13^  ^- 0-4992,  i  =  20°,  cZ  20°/4°  =  0-9921. 
[aji!''  -64-88°;  [M]ï;'    -123-27°. 

Heptyl  Dimethoxypropionate. 

The  heptyl  glycerate*  employed  had  a  rotation  of  a  -5-03°, 
^  =  0-4992,  «  =  20°,  whilst  Frankland  andMacGregor  found  a^^-  11-65°, 
^--=  0-992,  «  =  18°.  As  in  ail  the  previous  cases  it  had  been 
found  possible  to  confirm  Frankland  and  MacGregor's  figures  by  the 
repeated  fractionation  of  our  products,  we  deemed  it  unnecessary  on 
this  occasion  to  i-esort  to  the  complète  purification  of  the  ester,  as  much 
loss  is,  of  course,  thereby  entailed,  and  it  is  therefore  more  advanta- 
geous  to  rely  on  the  purification  after  methylation. 

The  violence  of  the  reaction  in  methylating  was  moderated  by  mixiog 
a  large  volume  of  pure  ether  with  the  heptyl  glycerate  and  silver  oxide, 
the  methyl  iodide  being  then  gradually  added  drop  by  drop.  After 
the  visible  action  had  ceased,  the  whole  was  heated  for  one  hour  on  the 
water-bath. 

*  Prepaied  from  a  heptyl  alcohol  boiUiig  at  176 — 178°  aud  pioved  to  be  iuactive. 
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From  20  grams  of  heptyl  glycerate,  13  grams  of  a  colourless 
liquid  distilled  over  at  142—148°  (15  mm.  ;  oil-bath,  170°).  This  was 
found  to  hâve  a  rotation  of  a^  -  26-33°,  ^=  0'4992,  t  =  20°. 

After  washing  with  water,  drying,  and  again  twice  distilling,  the 
final  product  (9  grams)  passed  over  at  144 — 146°  (15  mm.  ;  oil-bath, 
170'^). 

I.  0-1497  gave  0-3397  CO.,  and  01370  HgO.  C-61-89  ;  H- 10-17. 
II.  0-1464     „     0  3318  CO2    „    0-1360  H^O.  C  =  61-81  ;  H=  10-32. 
Calculated  for  Q^^^^f>^,  C  =  62-07  ;  H  =  10-34  per  cent. 

a^  -  26-20°,  ^- 0-4992,  «  =  20°,  cZ  20'Y4°  =  0-9571. 
[aji;^- 54-84°;  [MJï;^  -127-23°. 

Octyl  Dimethoxyprojnonate. 

The  octyl  glycerate  exhibited  the  rotation  an  -  5-05°,  ^  =  0-4992, 
i  =  20°,  closely  corresponding  to  Frankland  and  MacGregor's  value  of 
tti,- 10-40°,  ^  =  0-992,  f  =  19°.  The  methylation  was  carried  ont  in 
exactly  the  same  manner  as  with  the  heptyl  ester.  From  20  grams  of 
octyl  glycerate  there  were  obtained  1 1  grams  of  crude  product  ;  this 
was  very  yellow,  distilled  at  154^157°  (15  mm.  ;  oil-bath,  175°),  and 
had  a  rotation  a^  -  24°,  l  -  0-4992,  t  =  20°. 

After  purification,  which,  in  conséquence  of  the  yellow  colour, 
necessitated  one  more  distillation  than  usual,  6  grams  of  practically 
colourless  liquid  distilling  at  157 — 158°  (15  mm.  ;  oil-bath,  180^)  were 
obtained. 

I.   0-1413  gave  0-3290  CO2  and  0-1343  ÏÏ2O.  C  =  63-50  ;  H=  10-56. 
IL   0-1373     „     0-3194  CO.,    „    0-1290  H,0.  C  =  63-44  ;  H=  10-44. 
Calculated  for  Q^^B..,f)^,  C  =  63-41  ;  H=  1057  per  cent. 

ai,-24-00°,  ^  =  0-4992,  «-20°,  f^  20°/ 4° -0-9527. 
[a]r  -  50-46°;  [Mjr  -  124-13°. 

Dimethoxyproinonamide. 

Dry  ammonia  was  passed  into  a  solution  of  ethyl  dimethoxypropion- 
ate  in  metbyl  alcohol  kept  at  0°.  The  saturated  liquid  was  then  placed 
in  a  sealed  tvibe  and  heated  to  120°  for  six  hours.  On  removing  the 
liquid  from  the  tube,  the  alcohol  and  ammonia  were  allowed  to 
evaporate  at  the  ordinary  température,  and  a  crystalline  residue  was 
left.  The  latter  was  recrystallised  Jrom  methyl  alcohol,  long,  slender 
needles  melting  at  77 — 77-5°  being  obtained.  The  same  substance  was 
also  similarly  prepared  from  propyl  dimethoxypropionate.  The  two 
préparations  were  consequently  mixed  and  recrystallised  until  of 
constant  rotation. 

VOL.   LXXXVll.  3   N 
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0*1419  gave  13'3  ce.  of  moist  nitrogen  ;it  734  mm.  and  14-5°. 
N  =  10-62. 

CgHjjOgN  requires  N  =  10-53  per  cent. 

The  amide  is  very  soluble  in  ether,  alcohol,  and  pyridine  ;  it  crys- 
tallises  well  from  ligroin. 

The  rotation  was  determined  in  inethyl  alcohol  and  in  pyridine  solu- 
tion respectively. 

Rotation  of  Dimethoxi/propionamide. 
Methyl  Alcohol  Solution. 


p- 

d  2074°. 

Z  =  296 -2  mm. 

[«]f- 

[M]f. 

3-1283 
1-6026 

0-8012 
0-7970 

-4-05° 
-2-06 

Pyridine  Solution. 

-54-55° 
-54-45 

-72-55° 
-72-42 

1-6956 
1-0404 

0-9788 
0-9784 

-3-52° 
-2-15 

-71-60° 
-71-31 

-95-23° 
-94-84 

Diviethoxy])ropionic  Methylamide. 

This  was  separately  prepared  from  the  butyl  and  the  heptyl  dimethoxy- 
propionate  respectively  by  passing  dry  methylamine  gas  into  each  of 
thèse  esters  in  alcoholic  solution.  The  saturated  solutions  were  further 
treated  in  exactly  the  same  way  as  described  above  in  the  préparation 
of  the  amide. 

The  residue  left  after  the  removal  of  alcohol  and  excess  of  methyl- 
amine was  a  liquid  which  only  solidified  after  standing  for  three  weeks 
in  an  exsiccator.  The  solid  thvis  obtained  was  very  déliquescent  and 
was  with  much  difficulty  recrystallised  from  ligroin  kept  at  — 10°;  it 
then  exhibited  a  white,  feathery  appearance. 

The  spécimens  thus  obtained  from  the  two  différent  esters  gave  the 
same  rotation  and  were,  therefore,  united  and  recrystallised. 

0*1128  gave  9-7  ce.  moist  nitrogen  at  741  mm.  and  18-5°.    N  =  9-65. 
CgHjgOgN  i-equires  N  =  9"52  per  cent, 

The  rotation  was  determined  in  methyl  alcohol  solution. 

Rotation  of  Dimelhoxyjyropionic   Methylamide. 
Methyl  Alcohol  Solution. 

«r- 

p.  (i20°/4°.         /  =  296-2  mm.  [a]f.  [M]2o'. 

1-8918  0-7962  -2-62°  -58-72°  -86-32° 

1-0520  0-7956  -1-47  -59-30  -87-17 
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Préparation  of  Calcium  Glycerate  from  Ethyl  Dimethoxi/propionate. 

In  order  to  ascertain  whether  tlie  configuration  of  the  asymmetric 
carbon  atom  had  remained  unchanged  during  the  transformation 

glycerate  — >  dimethoxy})ropionate, 

calcium  glycerate  was  prepared  from  some  of  the  ethyl  dimethoxypro- 
pionate  above  described. 

Ethyl  dimethoxypropionate  (4'4  grams)  was  heated  with  ten  times 
the  weightof  fuining  hydriodic  acid  in  asealed  tube  at  100'^  for  8  hours. 
The  production  of  an  oily  layer  smelling  of  methyl  iodide  showed  thafc 
the  desired  action  had  taken  place,  The  aqueous  layer,  after  most  of 
the  hydriodic  acid  had  been  driven  olï  by  heating  in  vacuo,  was 
extracted  with  ether  and  benzène  to  remove  free  iodine,  and  then 
neutralised  with  calcium  carbonate.  After  filtering  off  the  excess  of 
calcium  carbonate,  and  concentrating  on  the  water-bath,  the  calcium 
glycerate  was  obtained  as  a  semi-crystalline  residue.  The  latter  was 
dissolved  in  water,  made  up  to  25  ce,  the  rotation  determined,  and  the 
strength  of  the  solution  ascertained  by  nieans  of  a  calcium  estimation, 
Thus  : 


Strength  of  sohition  as 

o2«°  iu  198  mm.  tube. 

deteniiiuecl  by  analysis, 
Ca(C3H50^)2,2H20, 

Recovered  calcium 
glycerate. 

Pure  calciirm  glycerate 
for  comparison. 

0-8412  giam 
0-5216     ,, 

-1-20° 
-0-75 

-1-03° 
-0-63 

The  above  concordance  between  the  activity  of  the  original  calcium 
glycerate  and  that  obtained  by  dimethylation  and  hydrolysis  of  the 
dimethoxypropionic  ester  shows  that  the  asymmetry  of  the  carbon  atom 
was  preserved  throughout  the  whole  séries  of  transformations  : 

Ca-glycerate  — >-  Glyceric  ester  — >-  Dimethoxypropionic  ester  — >- 
Ca-glycerate. 


Iiijlueîice  of  Température  on  the   Rotation   of  the    D imethoxypropionic 
Esters. 

In  the  following  tables  aie  recorded  the  déterminations  of  rotatory 
power  for  each  ester  at  températures  between  15°  and  100'^.  In  each 
case,  after  the  rotation  had  been  ascertained  at  100°,  it  was  redetermined 
at  15°  in  order  to  see  whether  the  activity  had  sulïered  any  permanent 
change  through  the  compound  being  heated. 

3  N  2 
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D  imethoxi/propionate. 


<• 

Deusity 

reiiiperatuve. 

Z  =  49'92  mm. 

e/i\ 

[<■ 

[M]'; 

15-0" 

-37-41° 

1-0680 

-70-17' 

-103-85 

•20-0 

37-00 

1-0634 

69-70 

103-16 

30-5 

35-93 

1-0484 

68-65 

101-60 

51-5 

33-87 

1-0304 

65  85 

97-46 

71-0 

32-06 

1-0110 

63-52 

94-01 

97-3 

29-88 

0-9827 

60-86 

90-07 

37-35 


JJeiisUies  determined , 


Température... 
Deusity  <74°... 


15-4° 
1-0683 


20° 
1-0634 


30° 
1-0489 


60° 
1-0230 


1-0012 


2.  Ethyl  himeiliojcypropionate. 


«D- 

Deusity 

Température. 

Z  =  49-92  mm. 

i°/4°. 

\.<' 

[^1]'.'. 

15-0° 

-36-45° 

1-0340 

-70-62° 

-114-40= 

20-0 

36-00 

1-0309 

69-95 

113-32 

30-5 

34-96 

1-0213 

68-57 

111-08 

50-5 

33-08 

0-9986 

66-36 

107-50 

60-5 

32-11 

0-9873 

65-15 

105-54 

97  0 

29-18 

0-9523 

61-38 

99-44 

Densilies  determined. 


Température.. 
Density  r/4°.. 


15-4° 
1-0344 


20° 
1-0309 


30° 
10217 


0-9878 


0-9686 


3.  Propyl  Uhnethoxi/propionate. 


Température. 

<• 
;  =  49 -92  mm. 

Deusity 

r/4°. 

[<■ 

m:- 

15-0° 

-35-23° 

1-013S 

-69-61° 

-122-51 

20-0 

34-76 

1-0090 

69-01 

121-46 

31  0 

33-76 

0-9973 

67-81 

119-35 

ÔG-5 

31-93 

0-9768 

65-48 

115-24 

60-0 

31-01 

0-9668 

64-25 

113-08 

97  0 

27-96 

0-9313 

60-14 

105-85 

15-0 


35-25 


Densities  determined. 


Température.. 

15-4° 

20° 

30° 

60° 

80° 

Deusity  r/4°... 

1-0141 

1-0090 

0-9983 

0-9668 

0-9476 
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4.  n-Butyl  Dimethoxyi)ropionate. 


"il" 

Density 

Température. 

Z  =  49-92  mm. 

f/4°. 

i<- 

\>^]':- 

lô-O" 

-32-51* 

0-9962 

-65-37' 

-124-20 

20  0 

32-13 

0-9921 

64-88 

123-27 

:i3-5 

30-85 

0-9775 

63-22 

120-12 

57-0 

28-86 

0-9554 

60-51 

114-97 

97-0 

25-85 

0-9188 

56-36 

107-08 

150 


32-35 


Densilies  deterrinned . 


Température 

15' 

20' 

30" 

CO' 

80' 

Density  r/4° 

.      0-9962 

0-9921 

0-9813 

0-9525 

0-934 

5.  n-JIeptyl  Dimethoxi/propionate. 


o^'. 

Density 

perature. 

Z  =  49-92  mm. 

<74'. 

[«]':• 

[^^nr- 

15-r/ 

-26-48' 

0-9624 

-55-12' 

-127-88 

20-0 

26-20 

0-9571 

54-84 

127-23 

35-0 

25-08 

0-9443 

53-20 

123-42 

54-0 

23-68 

0-9273 

51-15 

118-67 

96-0 

2111 

0-8961 

47-19 

109-48 

26-39 


Densities  determined  : 


Température 

15' 

20' 

30' 

60' 

80' 

Density  <'/4' 

.      0-9624 

0-9571 

0-9487 

0  -9220 

0-907 

6,  n-Octyl  Dimethoxyp'opionate, 


<• 

Density 

Température. 

7  =  49-92  mm. 

^'/4'. 

v<- 

[M]':- 

15-0' 

-24-35' 

0-9552 

-51-07° 

-125-63 

•20-0 

24-00 

0-9527 

50-46 

1-24-13 

39-0 

22-66 

0-9368 

48-45 

119-19 

55  0 

21-71 

0-9-221 

4716 

11601 

96-5 

19-45 

0-8869 

43-93 

108-07 

Densities  determined , 


Température 

15' 

20' 

30' 

60' 

80' 

Density  <°/4° 

.      0-9552 

0-9527 

0-9450 

0-9176 

0-9008 

From  the  above  tables  it  will  be  seen  that  in  ail  cases  the  rotation 
diminishes  with  rise  of  température.  Taking  the  molecular  rotation, 
the  diminution  between  15°  and  97°  is  as  follows: 
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Percentage 

Diminution  in  [M]d  diminution  in  [M]u 

betweeu  15°  and  97°.  per  1°  lise  in  temp. 

Methyl  diniotlioxypropionate    13"8  0'16 

Ethvl  .,  ,,  15-0  0-16 

Propyl  „  ,,  16-6  0-16 

Butjl  ,.  ,.  17-1  0-17 

Heptyl  „  ,,  18-4  O'IS 

Octyl  ,,  ,,  17-0  0-17 

Thus,  wliilst  there  are  considérable  différences  in  the  absolnte  amount 
of  the  diminution,  the  percentage  diminution  is  practically  the  same 
for  ail  the  esters. 

It  has  been  previously  shown  that  the  glycerates  and  diacetylglycer- 
ates  hâve  their  rotations  increased  by  rise  of  température  (P.  Frankland 
and  MacGregor,  Trans.,  1894,  65,  769;,  and  the  percentage  increase  in 
their  case  is  markedly  greater  than  the  percentage  diminution  in  the 
case  of  the  dimethoxypropionates.  On  the  other  hand,  the  actnal 
diminution  in  rotation  in  the  case  of  the  dimethoxypropionates  is 
greater  than  the  actual  increase  in  rotation  in  the  case  of  the  diacetyl- 
glycerates  and  glycerates. 

The  Universitï, 

Birmingham. 


XC. — The  Constitution  of  Barhaloin.     Part  I. 

By  HooPER  Albert  Diokinson  Jowett  and  Charles  Etty  Potter. 

Barbaloin,  a  crystalline  substance  obtained  from  Birbadoes  aloes, 
was  first  isolated  by  Smith  in  1850  and  examined  by  Stenhouse  {Phil. 
Mag.,  1850,  [iii],  37,  481),  who  assigned  to  it  the  formula  Cj^Hj^O-. 
With  bromine  water,  it  yielded  a  crystalline  tribromo-derivative. 

It  was  further  examined  by  Tilden  (Trans.,  1872,  25,  204;  1875, 
28,  1270),  who  adopted  the  formula  Q^Jl-^^O-j,  whiih  was  conflrmed 
by  Schmidt  {Ber.,  1875,  8,  1275).  Tilden  obtained  a  crystalline 
trichloro-derivative,  CjgHj.O-Clg,  an  amorphous  acetyl  derivative 
(C  =  58"6  ;  H  =  5"4  per  cent.),  and  found  that,  by  distillation  with  zinc 
dust,  barbaloin  yielded  methylanthracene.  When  oxidised  with  nitric 
acid,  oxalic,  picric,  and  chrysammic  (tetranitro-l  1  :  6-dihydroxy- 
anthraquinone)  acids  were  formed,  whilst  with  chromic  acid  aloexan- 
thin,  Oj^Hj^Og  C?  tetrahydroxymethylanthraquinone)  (Trans.,  1877, 
32,  2G7),  was  produced.  The  latter  when  distilled  with  zinc  dust 
yielded    methylanthracene.      Although  Tilden   did   not   propose   any 
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constitutional  formula  for  barbaloin,  it  would  appear  that  lie  regai'ded 
it  as  an  anthraquinone  derivative. 

Groenewald  (Ârch.  Pharm.,  1890,  228,  115)  next  examined  barb- 
aloin and  proposed  the  slightly  différent  formula  CigH^gO^..  He  ob- 
tained  two  crystalline  acetyl  compounds,  which  were  regarded  as  tri- 
and  hexa-acetylbarbaloins  respectively  ;  his  analytical  data,  however, 
are  net  sufficient  to  décide  between  thèse  two  derivatives,  as  the 
différence  in  the  composition  of  the  various  acetyl  derivatives  is  within 
the  limits  of  expérimental  error.  Groenewald  also  obtained  a  well- 
defined  crystalline  tribromobarbaloin,  from  which  he  did  not  succeed 
in  preparing  a  crystalline  acetyl  derivative,  but  the  amorphous  com- 
pounds obtained  gave  results  lying  between  those  calculated  for  a  tri- 
and  a  tetra-acetyl  derivative.  He  f ound  that  barbaloin  contaiued  no 
methoxyl  groups.  Léger  (Compt.  rend.,  1897,  125,  185)  confirmed  the 
formula  (J^qK^^X)^,  and  prepared  two  amorphous  derivatives  which  he 
regarded  as  dibenzoyl-  and  diacetyl-barbaloins.  From  the  mother 
liquors  resulting  from  the  recrystallisation  of  barbaloin,  he  isolated  a 
substance  differing  slightly  in  its  properties  from  the  latter,  which  he 
named  isobarbaloin. 

Tschirch  and  Pedersen  {Arch.  Pharm.,  1898,  236,  200)  hâve  stated 
that  a  trihydroxymethylanthraquinone  (aloe-emodin)  was  produced  by 
the  aërial  oxidation  of  barbaloin. 

Léger  (Compt.  rend.,  1898,  127,  234)  prepared  a  crystalline  triacetyl- 
trichlorobarbaloin  and  an  amorphous  tribenzoyl  derivative.  He  stated 
that  Groenewald's  tribromobarbaloin  was  in  reality  tribromo«50- 
barbaloin,  and  showed  that  the  behaviour  of  îsobarbaloin  towards 
acylating  agents  was  similar  to  that  of  barbaloin, 

He  next  (Compt.  rend.,  1900,  131,  55)  prepared  tribromobarbaloin 
and  stated  that  it  differed  from  the  tribromoisobarbaloin  (Groenewald's 
tribromobarbaloin)  in  appearance,  solubility,  and  water  of  crystallisa- 
tion.  No  melting  points  of  the  isomerides  ai^e  given,  and  the  différ- 
ence in  water  of  crystallisation  lies  almost  within  the  limits  of 
expérimental  error,  Groenewald  having  found  4H2O,  whilst  Léger 
found  3HoO,  and  the  latter  does  not  give  the  expérimental  détails. 

Oesterle  (Arch.  Pharm.,  1899,  237,  81)  showed  that  pure  barbaloin, 
when  treated  with  an  alcoholic  solution  of  hydrogen  chloride  for  24 
hours,  yielded  a  trihydroxymethylanthraquinone  identical  with 
Tschirch' s  aloe-emodin  and  isomeric  with  the  emodin  from  rhubarb  and 
frangula  bark.  The  aloe-emodin  yielded  an  acetyl  compound  which 
Oesterle  considered  was  the  diacetyl  derivative,  but  the  possibility 
that  it  was  the  tiiacetyl  compound  was  not  excluded.  The  yield  of 
the  emodin  from  barbaloin  was  not  stated,  but  no  formation  of  a  sugar 
was  observed.  He  questioned  Tilden's  conclusions  as  to  the  constitu- 
tion of  aloexantbin,  but  in  a  later  paper  (Arch.  Pharm.,   1903,  241, 
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604)  he  has  shown  tliat  by  the  action  of  chromic  acid  on  aloe-emodin 
a  substance  was  formed  identical  with  Hesse's  rhein,  a  tetrahydroxy- 
methylanthraquinone  isolated  from  rhubarb.  He  f urther  showed  that 
aloexantbin  was  really  an  impure  rhein,  and  that  Tilden's  views  as  to 
its  constitution  were  correct. 

Seel  {Ber.,  1900,  33,  3212)  gave  the  results  of  the  oxidation  of 
barbaloin  with  varions  reagents,  but  he  was  unable  to  isolate  any 
definite  product.  With  Caro's  acid,  he  obtained  tetrahydroxymethyl- 
anthraquinone. 

Léger  {Compt.  rend,  1902,  134,  1111,  1584)  stated  that  by  the 
action  of  sodium  peroxide  on  barbaloin,  formic  acid  and  an  aldopentose 
were  formed,  in  addition  to  aloe-emodin.  He  therefore  proposed  to 
alter  the  empirical  formula  of  barbaloin  from  Cjr,Hj,.0-  to  CoiHgQOg, 
and  suggested  the  following  constitutional  formula  : — ■ 
OH 

H0\/  ^^  X/CHg 

0-ÇH-[CH-0H]3-CH0 
CH3 
Barbaloin  was  thus  regarded  by  Léger  as  a  new  type  of  glucoside  which 
is  not  hydrolysed  bj^  dilute  acids. 

The  évidence  adduced  in  support  of  this  radical  change  in  the  formula 
of  barbaloin  is  by  no  means  conclusive.  No  analytical  proof  is  given 
in  support  of  this  change,  and  the  analytical  data  given  in  Léger's 
first  paper  (loc.  cit.)  agrée  much  better  with  the  old  than  with  the  new 
formula.  The  most  important  évidence,  namely,  the  molecular  weight 
of  the  substance  or  a  closely  related  derivative,  is  lacking,  but  the 
molecular  weight  of  a  crystalline  substance  formerly  described  as 
triacetyltrichlorobarbaloin  and  now  regarded  as  penta-acetyltetrachloro- 
barbaloin,  is  given,  Unfortunately,  the  détails  of  the  experiment  are 
not  recorded.  No  detailed  évidence  is  furnished  of  the  identification 
of  the  sugar  formed,  and  it  is  merely  stated  that  a  lœvorotatory  syrup 
was  obtained  giving  ail  the  reactions  of  an  aldopentose. 

In  a  later  paper  {J.  Pharm.  Chhn.,  1904,  [vi],  20,  145),  Léger 
attempted  to  obtain  f  urther  proof  of  the  présence  of  the  sugar,  which 
he  has  named  alohiose,  and  indicated  that  he  obtained  a  crystalline 
osazone  which,  however,  does  not  appear  to  hâve  been  actually  isolated 
or  examined. 

Aschan  {Arch.  Pharm.,  1903,  241,  341)  made  a  number  of  analyses 
of  carefully  purified  barbaloin,  free  from  isobarbaloin,  and  also  some 
molecular  weight  détermination  of  barbaloin  by  the  boiling  point 
method,  using  acétone  as  the  solvent  ;  his  results  confirm  the  old 
formula,  either  CigH^gO-  or  C^^jH^gO-.. 
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In  view  of  the  conflicting  statements  made  regarding  barbaloin,  and 
especially  in  view  of  Léger' s  results,  we  commenced  an  inquiry  into 
this  subject.  As  our  coopération  in  this  work  bas  been  interrupted, 
it  bas  seemed  désirable  to  piiblish  tbe  results  thus  far  obtained,  and 
the  work  will  be  continued  by  one  of  us. 

The  results  of  numerous  analyses  and  of  two  molecular  weight 
déterminations  ofcarefully  purified  barbaloin  hâve  confirmed  the  formula, 
Cj,,HjgO-,  lirst  proposed  by  Tilden,  although  the  analytieal  results  are 
not  very  différent  from  those  required  for  Groenewald's  formixla.  As 
our  results  agrée  best  on  the  whole  for  the  formula  Cj,.HjgO-,  we  shall 
for  the  présent  adopt  it.  This  formula  is  also  supported  by  the 
analysis  and  molecular  weight  détermination  of  tribromobarbaloin. 
Léger's  conclusions,  with  regard  to  the  formula  C^HgQOg  recently  pro- 
posed by  him  and  as  to  the  constitution  of  barbaloin,  must  therefore  be 
abandoned. 

We  hâve  carefully  repeated  Léger's  experiments  on  the  formation  of 
aloe-emodin  by  the  action  of  sodium  peroxide  on  barbaloin,  but 
although  the  conditions  were  varied,  no  aloe-emodin  could  be  isolât  éd. 
On  the  other  hand,  Oesterle's  experiments  on  the  action  of  hydrogen 
chloride  in  alcohol  on  barbaloin  and  the  formation  of  aloe-emodin  were 
confirmed,  but  the  yield  of  the  latter  was  very  small  and  this  line  of 
inquiry  was  abandoned. 

Our  next  experiments  were  made  with  tribromobarbaloin  from 
which  a  well-defined,  crystalline  tetra-acetyl  derivative  was  obtained. 
Tribromobarbaloin,  and  probably  barbaloin,  therefore  contains  four 
hydroxyl  groups.  Both  thèse  substances  yield  methylanthracene  by 
distillation  with  zinc  dust. 

Whilst  we  are  unable  at  this  stage  of  the  inquiry  to  offer  any 
suggestions  as  to  the  constitutional  formula  of  barbaloin,  we  wish  to 
point  out  that  the  generally  accepted  view  that  it  contains  an  emodin 
(trihydroxymethylanthraquinone)  complex  is  open  to  serions  objection. 
If  it  contains  this  complex,  the  formula  may  be  written 

{[C,,HA(CH3)(OH)3]CH,0(OH)l, 
and  it  is  difficult  to  see  how  so  many  hydrogen  atoms  as  are  contained 
in  the  complex  CH-0  can  be  introduced  into  any  possible  formula.  On 
the  other  hand,  the  formation  of  small  amounts  of  emodin  and  other 
anthracene  derivatives  renders  it  probable  that  it  bears  some  relation 
to  this  parent  substance.  It  is  possible  that  it  is  not  a  derivative  of 
methylanthracene,  but  of  a  reduced  anthracene,  thus  accounting  for 
the  large  amount  of  hydrogen  contained  in  the  substance. 
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Expérimental. 

Barbaloin  was  first  recrystallised  several  times  from  alcohol,  but  as 
the  melting  point  (145 — 150°)  of  the  dried  substance  was  not  very 
sharp,  the  purified  material  was  again  recrystallised  from  varions 
solvents  and  the  resulting  products  analysed.  The  solvents  employed 
were  (1)  alcohol,  (2)  ethyl  acétate,  (3)  methyl  alcohol,  (4)  water,  and 
(5)  chloroform. 

The  substance  was  in  each  case  dried  at  105 — 11 0''  until  of  constant 
weight. 


(1)  0-0782  gave  0-171    CO, 

and  0-0402  HgO. 

C  =  59-6; 

H  =  57. 

(2)  00976     „     0-213    COo 

„    0-0476  H2O. 

0  =  59-5; 

H  =  5-4. 

(3)  0-133       „     0-2906  CO", 

„    00675  H2O. 

0  =  59-6; 

H  =  5-6. 

(4)  0-133       „     0-290    CO2 

„    0-0668  HgO. 

0  =  59-5; 

H  =  5-6. 

(5)  0-1512     „     0-3312  COg 

„    0072    H2O. 

0  =  59-7; 

H  =  5-3. 

0-855  in  40  phénol  gave  At  - 

-  0-51°.       M.  W. 

=  310. 

0-394         „           „            At- 

-  0-235°.     M.  W. 

=  310. 

Of  the  three  formulse  previously  proposed 

OjpJIiA  (Tilden)     requires  0  =  59-6  ;  H  =  5-6  per  cent.  M.  W.  =  322. 
OjeHieO^  (Groenewald)  „       0  =  60-0;  H  =  5-0       „  M.W.  =320. 

O21H20O9  (Léger)  „       0  =  60-6;  H  =  4-8       „  M.W.  =416. 

Thèse  results,  in  conjunction  with  those  of  Aschan  (loc.  cit.),  dis- 
prove  Léger's  formula,  and,  whilst  not  excluding  the  formula  OjgHjj.0^, 
point  to  the  correctness  of  the  formula  Oj^tT^gO;  originally  pi^oposcd 
by  Tilden.  A  détermination  of  the  spécifie  rotation  in  90  per  cent. 
alcohol  solution  gave  the  following  resuit  : 

ao   -11';  ?  =  0-5dcm.  ;  c=4-4;  [a]^  -8-3°. 

Léger  found  in  ethyl  acétate  solution  [ajo  -  10-4°. 

Attempts  to  obtain  a  well-defined  crystalline  acetyl  derivative  with 
acetic  anliydride  were  unsuccessful,  and  we  were  unable  to  confirm 
Groenewald's  results  (loc.  cit.)  with  regard  to  the  two  substances 
described  as  triacetyl-  and  hexa-acetyl-barbaloins,  A  satisfactory 
derivative  was,  however,  obtained  by  acetylating  barbaloin  with  acet)  1 
chloride  and  crystalh'sing  the  crude  product  from  light  petroleum.  As 
thus  obtained,  it  formed  a  light  yellow,  microcrystalline  powder, 
insoluble  in  water,  but  soluble  in  alcohol  ;  it  melted  at  95 — 96°,  was 
apparently  identical  with  Groenewald's  triacetyl  barbaloin  (m.  p.  92°), 
and  gave,  on  analysis,  results  agreeing  with  those  obtained  by  Tilden 
and  by  Groenewald. 

0-1471  gave  0-319  OO2  and  0-070  HoO.     0  =  59-1;  H  =  5-3. 
Tetra-acetylbarbaloin,  C24Ho60„,  requires  0  =  58-8;  H  =  5-3  per  cent. 
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Althoiigh  the  analytical  i-esults  do  not  enable  one  to  differentiate 
between  the  différent  acetyl  derivatives,  and  we  were  unable  to  find  a 
satisfactory  method  for  determining  the  acetyl  gvoups  présent,  yet  the 
results,  taken  in  conjunction  with  those  obtained  with  tribromo- 
barbaloin,  point  to  the  déduction  that  the  substance  examined  was  a 
tetra-acetyl  derivative.  Attempts  to  prépare  crystalline  chloroacetyl, 
benzoyl,  and  methyl  derivatives  wei'e  unsuccessful.  The  absence  of 
methoxyl  groups  was  confirmed. 

When  distilled  with  zinc  dust,  a  small  quantity  (0'6  per  cent.)  of  a 
hydrocarbon  was  obtained  which,  after  recrystallisation  from  alcohol, 
melted  at  199—200°. 

0-0644  gave  0-2212  CO.,  and  00384  H^O.     C  =  93-7;  H  =  6-6. 
CjgHjo  requires  C  =  93-7;  H  =  6-3  per  cent. 

The  substance  was,  thei*efore,  methylanthracene. 

Sodium  peroxide  was  added  to  an  aqueous  solution  of  barbaloin 
according  to  the  détails  given  by  Léger  {loc.  cit.),  and  also  under  vary- 
ing  conditions,  but  in  no  case  could  a  substance  corresponding  to  aloe- 
emodin  be  isolated.  The  only  évidence  of  the  formation  of  an 
anthraquinone  derivative  was  a  slight  coloration  produced  by  shaking 
the  benzène  extract  with  ammonia. 

"VVhen  barbaloin  was  treated  with  hydrogen  chloride  in  alcoholic 
solution  on  a  water-bath  in  a  reflux  apparatus,  a  very  small  quantity 
of  a  substance  having  the  properties  of  aloe-emodin  was  obtained  in 
addition  to  much  unchanged  barbaloin.  The  crystalline  substance, 
after  successive  crystallisations  from  glacial  acetic  acid  and  toluène, 
melted  at  216 — 218°,  and  would  thus  appear  to  l)e  identical  with  the 
aloe-emodin  described  by  Oesterle  (loc.  cit.).  The  yield  of  product 
was  extremely  small  and  ail  attempts  to  improve  it  were  unsuccessful. 

Trihromobarbaloin,  Cj^Hj.O-Brg. 

As  the  experiments  with  barbaloin  did  not  give  very  promising 
results,  the  tribromo-derivativo  was  prepared  and  examined.  It  melted 
at  191 — 192°  and  agreed  in  ail  respects  with  the  compound  described 
by  Groenewald  {loc.  cit.). 

0-0932  gave  0-1 165  COg  and  0-024  H.p.     C  =  34-1  ;  H  =  29. 
0-1732     „     0-1744  AgBr.     Br  =  42-9. 
0-318  in  40  phénol  gave  A<  -  0-1 1°.     M.  W.  =  535. 
CiôHisO-Bra  requires  C  =  343  ;  H  =  27;  Br  =  42-9  per  cent.  M.  ^V.  =  559. 

Tetra-acetyltrihromoharhaloiny  (^^QH.^.fi~^v^{G.^.p)^,v!OiS  prepared  by 
boiling  barbaloin  with  five  to  six  times  its  weight  of  acetyl  chloride  in 
a  reflux  apparatus  for  half  an  hour. 
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The  crude  product,  obtained  by  distilling  off  the  acetyl  chloride  and 
treating  the  residue  with  water,  was  recrystallised  from  70  per  cent, 
alcohol  ;  it  formed  small,  yellow  needles  melting  at  135°,  and  soluble 
in  alcohol  but  insoluble  in  watei*. 

0-1332  gave  0-1906  COg  and  0-0368  H,0.     C  =  39-0  ;  H  =  3-1 . 
0-211       „     0-1656  AgBr.     Br  =  33-4." 
0-2044     „     0-1602  AgBr.     Br  =  33-3. 

Cj^HggOi^Brg  requires  C  =  39-6;  H  =  3-1  ;  Br  =  33-0  per  cent. 

The  différence  in  the  amount  of  bromine  contained  in  the  several 
acetyl  derivatives  which  are  possible,  and  the  well-defined  crystalline 
character  of  the  compound,  enable  the  composition  of  this  substance 
to  be  determined  with  certainty. 

Tribromobarbaloin  must  therefore  contain  four  hydroxyl  groups, 
and  barbaloin  in  ail  probability  also  contains  this  number. 

Attempts  to  methylate  tribromobarbaloin  with  sodium  and  methyl 
iodide  were  unsuccessful.  Treatment  with  alcoholic  hydrogen  chloride 
also  gave  a  négative  resuit,  and  in  both  thèse  cases  the  greater  part 
of  the  original  substance  was  recovered  unchanged.  When  distilled 
with  zinc  dust,  methylanthracene  (m.  p.  199 — 200°)  was  obtained. 

Numerous  experiments  hâve  been  made  with  both  barbaloin  and  its 
tribromo-derivative  with  various  oxidising  agents  and  by  fusion  with 
potassium  hydroxide,  in  order  to  obtain  a  reasonable  amount  of  definite 
dégradation  products,  but  hitherto  without  success. 

The  Wellcome  Chemical  Research  Laboratories, 
london,  e.c. 


XCI. — The  Constituents  of  the  Seeds  of  Hydnocarpus 
Wightiana  and  of  Hydnocarpus  anfhelmintica. 
Isolation  of  a  Homologue  of  Chaulmoogric  Acid. 

By  Frederick  Belding  Power  and  Marmaduke  Barrowcliff. 

In  a  previous  paper  (Trans.,  1904,  85,  838),  one  of  us,  in  conjunction 
with  Mr.  F.  H.  Gornall,  gave  an  account  of  an  investigation  of 
chaulmoogra  seeds  (from  Taraktogenos  Kurzii,  King),  which  afford 
the  chaulmoogra  oil  of  commerce.  The  fatty  oil  from  the  seeds  was 
shown  to  consist  chiefly  of  the  glyceryl  esters  of  members  of  a 
homologous  séries  of  acids  of  an  entirely  new  type.  The  acids  of  this 
séries  bave  the  gênerai  formula  CiJiin-iOo,  but  contain  only  one 
ethylenic  linking,  and  therefore  must  necessarily  possess  an  alicyclic 
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grouping  ;  they  are  also  characterised  by  their  optical  activity.  One  of 
thèse  acids  was  isolated  in  a  pure  state,  was  shown  to  hâve  the  formula 
CigHg^Og,  and  was  designated  chaulmoogric  acid  (compare  Power  and 
Gornail,  Traos.,  1904,  85,  851). 

The  fatty  oils  from  the  seeds  of  two  species  of  Hydnocarpus,  namely, 
H.  Wightiana  (Blume)  and  H.  anthelmintica  (Pierre),  which  belong 
to  the  same  natural  order  as  Taraktogenos,  hâve  long  been  used  in 
Western  India  and  in  China  respectively  for  the  same  médicinal 
purposes  for  which  chaulmoogra  oil  is  employed. 

Hydnocarims  Wightiana  (Blume)  is  the  désignation  of  a  tree 
indigenous  to  the  Western  Peninsula  of  India,  from  South  Concan  to 
Travancore.  The  oil  from  the  seeds  has  been  brought  to  the  notice  of 
Europeans  as  a  subsbitute  for  chaulmoogra  oil,  and  has  been  used  in 
the  Bombay  Presidency  with  satisfactory  results.  The  seeds  are  not 
an  article  of  commerce. 

Hydnocarpus  anthelmintica  (Pierre)  is  a  tree  indigenous  to  Siam,  the 
seeds  of  which  are  exported  to  China  under  the  name  of  "Lukrabo," 
and  are  known  in  the  latter  country  as  "  Ta-fung-tsze  "  (compare 
rharinacographia  Indica,  Vol.  I,  pp.  146,  148,  and  Pliarm.  J.,  1900, 
64,  522). 

In  view  of  the  interesting  facts  elicited  by  the  investigation  of 
chaulmoogra  seeds  {loc.  cit.)  and  the  considérations  referred  to,  it 
seemed  désirable  that  the  seeds  of  the  above-mentioned  two  species  of 
Hydnocarpus  should  also  be  chemically  examined,  n)ore  especially  with 
regard  to  the  constituents  of  their  fatty  oils,  and  the  présent  com- 
munication embodies  the  results  which  hâve  been  obtained. 

It  may  be  briefly  stated  that  the  fatty  oils  from  the  seeds  of 
H.  Wightiana  (Blume)  and  of  H.  anthelmintica  (Pierre)  very  closely 
resemble  chaulmoogra  oil  both  in  their  physicalcharacters  and  in  their 
chemical  composition.  The  acids  obtained  from  the  respective 
Hydnocarpus  oils  consist  chiefly  of  chaulmoogric  acid  and  a  lower 
homologue  of  the  same  séries,  the  latter  having  been  isolated  from  both 
oils  and  now  also  from  chaulmoogra  oil.  Tliis  new  acid  has  tho 
formula  Cjj^HggOg,  and  is  designated  hydnocarpic  acid. 

Hydnocarpic  acid  crystallises  from  alcohol  in  glistening  leaflots, 
melts  at  60°,  and  has  [aju  +  68°  in  chloroform  solution.  Like 
chaulmoogric  acid,  it  contains  only  one  ethylenic  linkiog,  and  there- 
fore,  in  considération  of  its  formula  C^gHo802(C,tHort_40^,),  mustpossess 
an  alicyclic  grouping. 

The  seeds  of  the  two  species  of  Hydnocar2ms,  like  chaulmoogra 
seeds,  contain  smaller  amounts  of  other  substances,  but  thèse  ai"e 
of  minor  interest  as  compared  with  that  attaching  to  chaulmoogric 
and  hydnocarpic  acids,  and  the  record  of  their  identification  will  be 
found  in  the  expeiimental  section  of  the  paper. 
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Expérimental. 

I.     The  Constituenls  of  the  Seeds  of  Hydnocarpus  Wightiana 
{Blumé). 

The  seeds  of  Hydnocarpus  Wightiana  not  being  an  article  of  com- 
merce, a  quautity  of  them  was  obtained  for  us  in  India,  and  we  hâve 
further  assured  ourselves  of  their  genuineness. 

Immediately  on  their  arrivai,  several  of  the  seeds  were  crushed, 
brought  into  contact  with  water,  and  the  mixture  allowed  to  remain 
in  a  corked  flask  for  some  hours.  As  no  hydrogen  cyanide  was 
developed,  it  was  évident  that  they  contained  no  cyanogenetic 
glucoside  at  the  time  of  their  examination  by  us,  although  such  a 
substance  may  hâve  existed  in  them  at  an  earlier  period  (compare 
Power  and  Gornall,  Trans.,  1904,  85,  840). 

In  orJer  to  obtain  the  fatty  oil,  the  kernels,  which  repre^ented  75 
per  cent,  of  the  weight  of  the  seeds,  were  subjected  to  powerful 
hydraulic  pressure.  ïhis  treatment  afforded  an  amount  of  a  fatty  oil 
and  of  a  "press-cake"  équivalent,  respectively,  to  32'4  and  354  per 
cent,  of  the  weight  of  the  entire  seeds.  By  completely  extracting  the 
total  powdered  seed  with  ether,  41*2  per  cent,  of  oil  was  obtained. 


The  Fatty  OU. 

The  oil  from  the  seeds  of  Hydnocarpus  Wightiana,  like  true 
chaulmoogra  oil  (from  Tarakloyenos  Kurzii,  King),  is,  at  the  ordinary 
température,  a  soft  solid,  having  a  faintly  yellow  colour  and  a 
characteristic  odour.     It  gave  the  following  values  : 

Expressed  oil.  Oil  extracted  by  ether. 

Melting  point 22—23°  22—23° 

Spécifie  gravity  0958  at  25°  0-959  at  25° 

[ajoinchlorofoim     +57-7°  +56-2° 

Acid  value 3-8  7'4 

Saponification  value  207-0  2070 

Icdine  value   101-3  1025 


Hydrolysis  of  the  Fatty  Oil. 

One  hundred  grams  of  the  oil  were  hydrolysed  with  alcoholic 
potassium  hydroxide,  the  alcohol  removed,  and  the  residue  mixed  with 
sand,  dried,  and  extracted  with  light  petroleum.  The  latter  yielded  a 
small  amount  of  an  oily  residue  ;  this  was  dissolved  in  warui  alcohol, 
and  on  cooling  the  solution  a  substance  separated,  which,  on  recrys- 
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tallisation  from  ethyl  alcohol,  formée!  glistening  needles  melting  at 
132—133°. 

00266  gave  0-0812  00.  and  00292  H2O.     C  =  83-3  3  H  =  12-2. 
C06H44O  requires  0  =  839;  H  =  11-8  per  cent. 

The  colour  reactions  of  this  substance  confirmed  its  identity  as 
phytosterol. 

The  Fattij  Acids. 

The  potassium  salts  obtained  by  the  abovc  hydrolysis  were  dissolved 
in  water,  the  liquid  acidified  with  sulphuric  acid,  and  the  liberated 
fatty  acids  taken  up  by  ether.  The  ethereal  solution  was  then  washed, 
dried,  and  the  ether  removed,  the  last  traces  of  the  latter  being 
eliminated  by  heating  the  residual  oil  at  100°  for  some  time.  On 
cooling,  a  hard,  white  cake  was  obtained,  representing  the  total  fatty 
acids.  Thèse  gave  the  following  values:  melting  point,  41  —  44°; 
[ajc  in  chloroform  +  60-4°;  acid  value,  214-0  ;  iodine  value,  106-3, 

For  the  investigation  of  the  mixture  of  fatty  acids,  1000  grams  of 
the  fat  were  hydrolysed,  the  aqueous  solution  of  the  potassium  salts 
acidified,  and  the  solid  cake  of  acids  collected,  washed  with  water, 
drained  at  the  pump,  and  then  dried  between  filter  paper.  The  aqueous 
filtrate  from  the  fatty  acids  was  distilled  in  steam,  and  from  the  acid 
distillate  a  barium  sait  was  prepared.  The  latter  was  very  small  in 
amount  and  consisted  of  the  salts  of  acetic  and  butyric  acids. 

The  solid  mixture  of  acids  was  fractionally  crystallised  from  alcohol. 
The  first  crystalline  crop  Avhich  separated  from  the  alcoholic  solution 
of  the  whole  of  the  acids  from  the  1000  grams  of  fat  weighed  200  grams 
and  melted  at  46 — 48°.  On  further  crystallisation,  however,  from 
alcohol  and  from  ethyl  acétate,  it  was  obtained  in  the  form  of  glisten- 
ing  leaflets  having  the  constant  melting  point  of  67 — 68°  and  giving 
the  following  results  on  analysis  : 

0-0792  gave  0-2230  COo  and  0-0810  B..p.     0  =  76-8  ;  H  =  1 1-4. 
0-1030     „     0-2904  CO'l    „    0-1056  H,0.     0  =  76-9  ;  H  =  11-4. 

Cjj^HgoOo  requires  0  =  77-1  ;  H  =  11-4  per  cent, 
0-1412  absorbed  o"-1270  iodine.     1  =  90-0. 

^18-^32^2'  "^vith  one  ethylenic  linking,  requires  1  =  90-6  per  cent. 
1-2032,  in  alcohol,  required  NaOH  équivalent  to  42*7  ce.  of  a  deci- 
normal  solution,  Avhich  is  the  calculated  amount  for  CjsHgoOo. 

A  solution  of  1-8127  in  chloroform,  made  up  to  25  ce,  gave  in  a 
1-dcm.  tube  a,,  +4°15',  whence  [a\,  +58-6°. 

Jt  was  thus  shown  that  this  acid  melting  at  67 — 68°  was  in  ail 
respects  idéntical  with  chaulmoogric  acid,  first  obtained  by  Power  and 
Gornall  {loc.  cit.)  from  chaulmoogra  oil  (from  the  seeds  of  Taraktogenos 
Kurzii,  King). 
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The  alcoholic  mother  liquor  from  the  above-mentioned  first  crystal- 
line  crop  afl:orded,by  successive  concentrations,  several  furthev  crops  of 
crystals,  and  then  a  final  mother  liquor.  The  latter,  although  still 
containing  a  considérable  amount  of  substance  in  solution,  deposited 
notbing  further  of  a  crystalline  character.  The  treatment  of  this 
mother  liquor  is  subsequently  described. 

The  further  crops  of  crystalline  acids  were  then  subjected  to  a 
systematic  and  extended  process  of  fractional  crystallisation,  AU  the 
fractions  so  obtained  were  found  to  melt  approximately  at  48 — 50°, 
but  when  separating  from  solution  they  presented  an  appearance 
which,  although  identical  for  ail  the  fractions,  did  not  satisfy  us  that 
we  were  dealing  with  an  individual  acid.  Moreover,  évidence  of  a 
quantitative  nature  indicated  that  the  above  fractions  consisted  of  a 
molecular  mixture  of  chaulmoogric  acid,  Cj^Hg^Oo,  and  a  homologous 
acid  having  the  formula  CjijH^gOg.  This  supposition  was  subsequently 
veritied,  for  it  has  been  possible  to  separate  thèse  acids  by  resorting  to 
a  process  of  fractional  preci[>itation  and  crystallisation  of  their  barium 
salts. 


Isolation  of  a  Homologue  of  Chaulmoogric  Acid — Hydnocarjj'ic  Acid, 

Two  hundred  and  fifty  grams  of  the  above  fractions  melting  at 
48 — 50°  were  dissolved  in  1  litre  of  alcohol.  To  this  solution  there 
was  added  a  solution  of  25  grams  of  barium  acétate  in  the  smallest 
possible  quantity  of  water,  the  amount  of  barium  acétate  thus  employed 
being  suflBcient  to  couvert  one-fifth  of  the  total  weight  of  the  fatty 
acids  into  barium  salts.  The  fraction  of  barium  salts,  which  Avas  at 
once  precipitated  as  a  sticky  niass,  was  then  dissolved  by  heating  the 
liquid.  On  cooling,  it  again  separated,  but  in  a  crystalline  form  ;  it 
was  collected  at  the  pump  and  washed  with  alcohol.  The  mother 
liquor  from  this  first  fraction  of  barium  salts  was  then  treated  with 
another  25  grams  of  barium  acétate,  and  a  second  fraction  of  barium 
salts  obtained  in  precisely  the  same  mauner  as  was  the  first.  The  whole 
process  was  then  twice  repeated,  and  the  remaining  one-fifth  of  the 
acids,  nob  being  converted  into  barium  salts,  was  obtained  by  removing 
the  solvant. 

The  four  fractions  of  barium  salts  and  the  acids  from  the  mother 
liquor  from  the  fourth  fraction  of  thèse  salts  were  respectively  digcsted 
with  dilute  hydrochloric  acid.  The  regenerated  acids  were  then  dis- 
solved in  ether,  the  ethereal  solutions  washed,  dried,  the  ether  removed, 
and  the  residues  recrystallised  from  alcohol.  The  melting  points  of 
the  several  fractions  of  acids,  placed  in  the  order  in  which  the  latter 
were   obtained,    were   as   f ollows  :    (1)    53 — 55°;    (2)    60 — 62°;    (3) 
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46—47°  3  (4)53—55°;  (5)56—58°.  Fraction  (2),  on  recrystallisa- 
tion  from  alcohol,  gave  chaulmoogric  acid  melting  at  67 — 68°. 
Fractions  (4)  and  (5)  were  combined  and  recrystallised  from  alcohol. 
The  recrystallised  acid  then  melted  at  59 — 60°,  was  in  the  form  of 
histrous  leaflets,  and,  on  further  crystallisation  from  alcohol  or  ethyl 
acétate,  its  melting  point  remained  unchanged. 

01018  gave  0-2833  COg  and  0-1022  HgO.     0  =  75-9  ;  H  =  11-2. 
0-1056     „     0-2945  CO2    „     0-1052  HgO.     0  =  761  ;H  =  11-1. 
CigHgsO.  re-iuires  0  =  76-2;  H  =  ll-1  per  cent. 

0-3749  required  NaOH  équivalent  to  14-8  ce.  of  a  decinormal  solu- 
tion, which  is  the  calculated  amount  for  CjijHosO.^. 
0-2608  absorbed  0-2612  iodine.     1  =  100-2.  ' 

^10^28^2»  ^^^^^  °^^  ethylenic  linkiog,  requires  1  =  100-7  per  cent. 
The  silver  sait  w..s  prtpared  and  analysed  : 

0-2724  gave  0-0815  Ag.     Ag  =  29-9. 
0-1700     „      0-3296  COg,  0-1138  H^O,  and  0-0510  Ag. 
0  =  52-9;  H  =  7-4;  Ag  =  30-0. 
O^^H^-OoAg  requires  0  =  53-5  ;  H  =  7-5  ;  Ag  =  30-1  per  cent. 

It  was  thus  shown  that  this  acid,  melting  at  59 — 60°,  lias  the  formula 
OjiiHggOj,  contains  only  olb  eth}  lenic  liuking,  and  therefore  must 
possess  a  closed  carbcn  ring.  In  otber  words,  it  is  a  lower  homologue 
of  chaulmoogric  ;>cid,  and  belongs  to  the  same  type  as  the  latter.  We 
bave  designated  this  new  acid  hydnocarjnc  acid. 

Hydnocarpic  acid,  like  chaulmoogric  acid,  is  optically  active. 

A  solution  of  1-3063  in  chloroform,  made  up  to  25  ce,  gave  in  a 
1-dcm.  tube  a^  +  3°34',  whence  [a]^,  +68-1°. 

Hydnocarpic  acid  is  only  sparingly  soluble  in  the  cold  in  the  usual 
organic  solvents,  with  the  exception  of  chloroform, in  which  it  is  casily 
soluble.  An  aqueous  solution  of  its  sodium  sait  at  once  dccolorises 
permanganate  in  the  cold.  Like  chaulmoogric  acid,  it  remains  un- 
attacked  by  fused  potassium  hydroxide,  evtn  at  250°.  The  following 
derivatives  of  the  acid  were  prepared  and  characterised. 

Metltyl  Uydnocarpale,  Q^^.^.j'Q0.2^e. 

Five  grams  of  hydnocarpic  acid  were  dissolved  in  25  ce.  of  methyl 
alcohol  and  5  grams  of  sulphuric  acid  slowly  added,  when  the  ester 
soon  separated  as  an  oil.  After  the  mixture  had  been  allowed  to 
stand  for  some  hours,  water  was  added,  the  oil  tak(.  n  up  with  etlier, 
the  etbereal  solution  washei  with  sodium  carbonate,  thtn  with  water, 
dried,  the  ether  removed,  and  the  ester  distilled  under  dimini.-hed 
pressure. 
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Metliyl  hydnocarpate  boils  at  200—203°  (corr.)  under  19  mm. 
presstire,  and  is  a  colourless  oil,  which,  liovvever,  solidifies  when  cooled, 
foniiing  a  mass  of  colourless  crystals.  melting  agairi  at  8°. 

00973  gave  0-2739  COg  and  0-0988  H^O.     0  =  768  ;  H=  11  3. 
Cji^HgoOa  requires  C  =  76*7  ;  H  =  11  '3  per  cent. 

A  solution  of  0-9818  in  cbloroform,  made  up  to  25  ce,  gave  in  a 
1-dcm.  tube  ao  +  2°2T,  wbence  [a]o  +  62-4°. 

Ethyl  IJi/dnocaiyate,  C^jHg^'COgEt. 

Tbis  substance  was  prepaied  in  the  same  manner  as  the  metbyl 
ester  ;  it  boils  at  211°  (corr.)  under  19  mm.  pressure,  aud  is  a  colour- 
less oil. 

00955  gave  0-2689  CO2  and  0-0976  H2O.     0  =  768;  H  =  11-4. 
Ojj^HggO.,  requires  0  =  77-1  ;  H  =  11-4  per  cent. 

A  solution  of  0-5087  in  cbloroform,  made  up  to  25  ce,  gave  in  a 
1  dcm.  tube  au  +  l°3',  wbence  [a]o  +  51-6°. 

Hydnocarpamide,  Q^^^-j'QO'^TcL^. 

Five  grams  of  tbe  acid  were  warmed  with  a  sligbt  excess  of  pbos- 
phorus  tricbloride.  Tbe  acid  chloride  was  tben  dissolved  in  etber  and 
tbis  solution  slowly  added  to  50  ce.  of  conceutrated  ammonia  solu- 
tion, cooled  to  0°.  Tbe  solid  amide,  which  was  at  once  formed,  was 
collected,  washed  with  water,  witb  dilute  sodium  hydroxide,  again 
with  water,  and  tben  recrystallised  from  etbyl  alcobol. 

Hydnocarpamide  séparâtes  from  alcobol  in  clustei's  of  fine,  colour- 
less needles  which  melt  at  112 — 113°, 

00995  gave  0-2787  CO2  and  0  1054  HgO.     0  =  76-4;  H  =  ll-8. 
Oj.-H^gON  requires  0  =  76-5  ;  H  =  11-6  per  cent. 

A  solution  of  06947  in  cbloroform,  made  up  to  25  ce,  gave  in  a 
1-dcm.  tube  ai,-l-l°57'  at  30°,  wbence  |  a]S'' +  70-2°. 

The  AlcohoUc  Mother  Liquor  from  Chaulmoogric  and  Hydnocarpic 
Acide. 

It  was  stated  on  p.  888  that  after  separating  from  tbe  alcobolic 
solution  of  tbe  fatty  acids  several  crystalline  crops,  whicb  subse- 
quently  afforded  chaulmoogric  and  hydnocarpic  acids,  there  remained 
a  final  mother  liquor  which  deposited  nothing  further  in  a  crystalline 
form,  although  slill  containing  an  appréciable  quantity  of  acids  in 
solution.     On  tbe  addition  of  water,  thèse  acids  separated  in  an  oily 


f 


HOMOLOGUE   OF   CHAULMOOGRIC    ACID.  891 

condition.  They  were  dissolved  in  ether,  the  etheieal  solution  wasbed, 
dried,  aud  the  ether  removed.  The  residual  oil,  on  standing,  deposited 
a  small  amount  of  solid  acids.  The  latter  were  collected  at  the  pump, 
drained  on  porous  earthenware,  and  distilled,  when  the  whole  passed 
over  at  220 — 225°  under  20  mm.  pressure. 

01327  gave  0-3690  COo  and  0-1302  HgO.     C  =  75-9;  H  =10-9. 
C'igHg^Oo  requires  C  =  77-l  ;  H  =  11-4  per  cent. 
CigHoA        „        C  =  76-2;  H  =  ll-1       „ 
CiXÂ        ..        0  =  75-0;  H  =  10-7       „ 

0-2456  absorbed  0-2638  iodine.     I  =  107-4. 

CjgHggOg,  with  one  ethylenic  linking,  requires  I  =    90-6  per  cent. 
Ci.H^gOg,     „       „  „  „  „        1  =  100-7       „ 

Ci.Ho.Og,     „       „  „  „  „        1=- 113-4       „ 

A  solution  of  0-8902  in  chloroform,  made  up  to  25  ce,  gave  in  a 
1-dcm.  tube  aD  +  2°,  whence  [a]D  +  56-l°. 

The  solid  fraction,  which  was  obviously  a  mixture,  since  it  could 
not  be  crystallised,  would  appear  to  consist  of  chaulmoogric  and 
hydnocarpic  acids,  together  with  a  still  lower  homologue  of  the  same 
séries  having  the  formula  C^^H2402. 

The  filtrate  from  the  above  solid  fraction  amounted  to  38  grams. 
It  was  distilled  under  20  mm.  pressure,  aud  the  following  fractions 
were  collected. 

Fraction  hoiling  at  220 — 225^/20  mm. — This  was  at  first  wholly  an 
oil,  but  after  a  time  an  amount  of  solid  acids  separated. 

0-2408  absorbed  0-3109  iodine.     1=  129-1  per  cent. 

Its  spécifie  rotatory  power  in  chloroform  was  [ajo  +  ll^^ 
Fraction  hoiling  at  225 — 230°/20  mm. — This  was  similar  to  the  pre- 
ceding  fraction. 

0-3673  absorbed  0-4815  iodine.     1=  13M  per  cent. 

Its  spécifie  rotatory  power  in  chloroform  was  [a]D  +  46  ô''. 
Fraction  hoiling  at  230—235720  mm. — This  was  the  largest  of  thèse 
fractions,  and  on  standing  it  also  partly  solidified. 

0-1193  gave  0-3401  COg  and  0-1212  HgO.     C  =  76-6;  H=110. 
0-2330  absorbed  0-3279  iodine.     I  =  140-7  per  cent. 

Its  spécifie  rotatory  power  in  chloroform  was  [a]o  +  50'4°. 

Thèse  three  fractions,  in  view  of  their  high  spécifie  rotatory  powers, 
would  still  appear  to  contain  a  large  proportion  of  the  members  of  the 
chaulmoogric  acid  séries,  but  their  pprcentage  iodine-absorption  values, 
which  are  appreciably  higher  than   that   requin  d   for  an  acid  of   the 
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formula  G-^^ïloiO-i  °^  ^^^  latter  séries,  indicate  that  they  also  contain  an 
acid  or  acids  belonging  to  the  linolic  or  linolenic  acid  séries. 

There  was  no  évidence  of  the  occurrence  of  palmitic  acid  in  tiie 
fatty  oil  from  Hydnocarpus  Wightiana,  and  in  this  respect  it  differs 
from  the  oil  from  Taraktogenos  Kurzii,  which  contains  an  appréciable 
amount  of  this  acid. 

Examhuhtion  of  the  "  Press-cake." 

The  "  press-cake,"  which  remained  after  the  greater  part  of  the 
fatty  oil  had  been  removed  from  the  seeds  by  expression,  was  com- 
pletely  extracted  with  hot  alcohol.  The  greater  part  of  the  alcohol 
was  then  removed,  when  a  brown,  pasty  solid  was  obtained.  Two 
kilograms  of  the  latter  were  distilled  in  steaiii,  and  the  distillate, 
which  contained  a  small  amount  of  suspended  oil,  was  neutralised  with 
baryta  water  and  extracted  with  ether.  On  removing  the  ether,  a 
limpid,  odorous  oil  was  obtained,  but  which  was  too  small  in  amount 
to  admit  of  further  examination.  The  aqueous  liquid  alïoided  a  very 
small  quantity  of  a  barium  sait,  which  was  found  to  consist  of  a 
mixture  of  barium  formate  and  butyrate.  The  liquid  in  the  steam- 
distillation  flask  consisted  of  two  layers,  one  being  a  fatty  oil  and  the 
other  a  dark  aqueous  liquid.  On  cooling,  the  fatty  oil  solidified. 
The  aqueous  liquid  was  separated  by  means  of  a  lineu  strainer,  and 
was  quite  free  from  any  suspended  oil.*  It  was  digested  with  animal 
charcoal  and  concentrated  to  a  syrupy  consistetice,  but  nothing  crystal- 
line  separated,  even  on  long  standing.  It  contained  a  large  amount 
of  *-glucose,  for  it  readily  afforded  a  phenylglucosazone  melting  at 
216°,  and  also  much  proteid  matter. 

Isolation  of  a  Hydrolytic  Enzyme. 

A  portion  of  the  "  press-cake  "  was  digested  with  water  and  the 
filtered  liquid  mixed  with  twice  its  volume  of  alcohol.  After  some 
hours,  the  precipitate  was  collected,  washed  with  alcohol,  dried  over 
sulphuric  acid,  and  reduced  to  a  powder.  Tiie  yield  of  this  substance 
was  about  2  per  cent,  of  the  weight  of  the  "  pi-ess-cake."  It  readily 
eiïected  the  hydrolysis  of  both  amygdalin  and  potassium  myronate. 

*  lu  tlie  examination  of  the  "  press-cake  "  from  cliaulmoogra  seeds  (Power  and 
Goruall,  loc.  cit.,  p.  842),  the  aqueous  liquid  which  passed  through  the  strainer 
contained  an  oil  in  suspension.  It  was  stated  that  the  latter  was  hydrolysed  with 
potassium  hydroxide,  and  that,  ou  subsequently  extracting  with  ether,  an  oil  was 
obtained.  The  latter  was  regarded  as  a  substance  which  could  be  neither  au  acid 
nor  an  ester.  We  hâve  siuce  found  that,  inadvurtently,  an  insufficient  amount  of 
potassium  hydroxide  was  employed,  and  that,  therefore,  the  hydrolysis  was  not 
quite  complète.  The  oU  which  was  thus  obtained  has  been  ascertained  to  consist  of 
ethyl  esters,  formed  from  the  fatty  acids  during  the  extraction  of  the  "press-cake"' 
with  alcohol. 
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II.    llie  Constituents    of  the    Seeds   of  Hydnocarpus 
anthelmintica  (Pierre). 

A  large  quantifcy  of  thèse  seeds  was  obtained  for  us  in  Siam,  and 
their  genuineness  verified. 

When  the  kernels  from  20  grams  of  the  seeds  were  crushed  and 
mixed  with  water,  a  distinct  odour  of  hydrogen  cyanide  was  soon 
developed,  thus  indicating  thit  they  contained  a  cyanogenetic  gluco- 
side.  An  attempt  was  accordingly  made  to  isolate  this  substance 
from  2  kilograms  of  the  seeds,  employing  the  same  method  as  was 
successful  in  obtaining  gynocardin  from  the  seeds  of  Gynocardia 
odorata,  E.Br.  (Power  and  Lees,  Trans.,  1905,  87,  352).  The  amount 
of  glucoside  présent  was,  however,  very  small,  and  nothing  crystalline 
was  obtained. 

The  seeds  were  first  divested  of  their  shells,  which  represented 
68 "8  per  cent,  of  their  weight.  The  kernels  were  then  subjected  to 
hydraulic  pressure,  and  afforded  an  amount  of  a  fatby  oil  and  of  a 
"  press-cake  "  équivalent,  respectively,  to  16*3  and  15  per  cent,  of 
the  entire  seeds.  By  completely  extracting  the  total  powdered  seed 
with  ether,  17  "6  per  cent,  of  oil  was  obtained. 

The  Fatty  OU. 

The  oil  from  the  seeds  of  Hydnocarpus  anthelmintica  is,  at  the 
ordinary  température,  a  neaily  colourless,  firm  solid,  having  the  same 
characteristic  odour  as  is  possessed  by  both  chaulmougra  oil  and  that 
from  the   seeds  of  H.    Wightiana.     Its   values  were  determined  with 

the  following  results  : 

Expressecl  oil.  Oil  extracted  by  ether. 

Melting  point 24—25°  23—24^ 

Spécifie  gravity  0-953  at  25°  0-952  at  25° 

[a]^  in  chloi  oform  +  52-5°  +  51° 

Acid  value  7'5  8-1 

Saponification  value  ...  212-0  2080 

lodine  value    86-4  82-5 

Hydrolysis  of  the  Fatty  Oil. 

One  hundred  grams  of  the  oil  wei-e  hydrolysed  with  alcoholic 
potassium  hydroxide,  and  the  product  extracted  with  light  petroleum 
in  the  manner  described  on  p.  886.  The  residue  from  the  petroleum 
was  exceedingly  stcall  in  amount.  After  several  crystallisations  from 
aUohoI,  it  was  obtained  iu  the  form  of  glistening  crystals  melting  at 
132 — 133°,  and  was  identical  with  the  phytosterol  obtained  from  the 
seeds  of  Hydnocarpus  Wightiana. 


894  POWER    AND    BARROWCLIFF  :    ISOLATION    OF    A 

The  Fatty  Aclds. 

From  ibe  potassium  salts  afforded  by  the  above  hydrolysis,  the 
mixture  of  total  fatty  acids  was  obtained  in  the  same  manner  as 
desciùbed  on  p.  887.  It  formed  a  hard,  white  solid  and  gave  the 
followiiig  values  :  melting  point,  42 — 43°  ;  [ajo  in  chloroform,  +  53-6°  ; 
acid  value,  202-5  ;  iodine  value,  87 "8. 

For  the  identification  of  the  constituents  of  tbis  mixture  of  acids 
1000  grams  of  the  fat  were  hydrolysed  with  alcoholic  potassium 
hydroxide.  The  aqueous  solution  of  the  potassium  salts  was  acidified, 
the  resulting  cake  of  solid  :,cids  separated  and  washed,  and  the  filtrate 
from  the  latter  distilled  in  a  current  of  steam.  From  the  acid 
distillate,  a  barium  sait  was  prepared,  which  was  very  small  in 
amount,  and  was  found  to  consist  of  a  mixture  of  barium  formate  and 
acétate. 

The  solid  mixture  of  acids,  weighing  about  850  grams,  was  frac- 
tionally  crystallised  from  alcohol,  just  as  in  the  case  of  the  acids  from 
Hychiocmyus  Wightiana,  and  a  quantity  of  a  pure  acid  melting  at  68° 
was  thus  obtained,     This  proved  to  be  chaulmoogiùc  acid. 

01168  gave  0-3304  CO2  and  0-1202  H,0.     C  =  77-l;  H- 11-5. 
CjgHgoOo  requires  0  =  77-1  ;  H=  11-4  per  cent. 

A  solution  of  1-2014  in  chloroform,  made  up  to  25  ce,  gave  in  a 
1-dcm.  tube  aj)  +  2°52',  wheuce  [a]o  +  59-5°. 

The  alcoholic  mother  liquor  from  the  chaulmoogric  acid  afforded  a 
quantity  of  a  substance  melting  at  about  48°,  which  was  apparently 
identical  with  the  molecular  mixture  of  chaulmoogric  and  hydnocarpic 
acids  obtained  by  the  crystallisation  of  the  acids  from  Hydnocarpus 
Wightiana  (p.  888).  Just  as  in  tbe  latter  instance,  thèse  two  acids 
were  separated  by  fractionally  precipitating  and  crystallising  their 
barium  salts.     The  hydnocarpic  acid  thus  obtained  melted  at  59 — 60°. 

0-1330  gave  0-3698  COg  and  0-1336  HoO.     C  =  75-9  ;  H  =  1 1-2. 
0-1224     „     0-3405  CO2    „    0-1230  H2O.     C  =  75-9  ;  H=  11-2. 
CjcHggOg  requires  C  =  762  ;  H  =  IM  per  cent. 

0-2329  absorbed  0-2336  iodine.     I  =  100-3. 

Cji.TIogOg,  with  one  ethylenic  linking,  requires  1  =  100-7  per  cent. 

A  solution  of  0-68  in  chloroform,  made  up  to  25  ce,  gave  in  a 
1-dcra.  tube  or,  +  1°51',  whence  [aju  +68°. 

The  alcobolic  mother  liquor  from  the  mixture  of  chaulmoogric  and 
hydnocarpic  acids,  which  deposited  nothing  further  of  a  crystalline 
charaeter,  was  diluted  with  water.  The  resulting  oily  mixture  of  acids 
was  dissolved   in   etlier,  the  ethereal   solution   washed,  dried,  and  the 
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et-ner  removed.  The  residual  oil  was  tlien  distilled  uuder  dimiuished 
pressure,  when  it  passed  over  betweeu  214°  and  234°/12  mm.,  and 
amounted  to  40  grams.  It  was  converted  into  lead  salts  by  dissolving 
in  alcohol  and  adding  a  slight  excess  of  lead  acétate  also  dissolved  in 
alcohol,  The  solution  was  then  evaporated,  mixed  vvith  sand,  the 
mass  dried,  and  fracfcionally  extracted  with  dry  ether  in  a  Soxhlet 
apparatus.  Two  fractions  of  lead  salts  soluble  in  ether  were  thus 
obtained.  The  acids  regenerated  from  the  first  fraction,  on  distillation, 
passed  over  piincipally  at  221 — 226°/12  mm.  The  distilled  fraction 
had  the  spécifie  rotatory  power  [a]u  +34-1°,  and  a  percentage  iodine- 
absorption  value  of  92  4.  When  treated  with  mercurous  nitrate,  it 
afforded  elaidic  acid,  which  proved  the  présence  of  oleic  acid. 

The  second  fraction  of  lead  sait  was  crystalline,  and  was  found  to 
consist  chiefly  of  lead  hydnocarpate. 

The  lead  sait  insoluble  in  ether  and  remaining  in  the  Soxhlet 
apparatus  was  decomposed,  and  the  regenerated  acid,  which  was  solid, 
crystallised  from  alcohol.  It  «vas  finally  obtained  in  needles  melting 
at  60°,  was  shown  to  be  a  saturated  acid,  and  was,  in  fact,  palmitic 
acid. 

00953  gave  0-2609  CO2  and  0-1060  H.p.     0=74-7  ;  H  =  12-4. 
Cj^Hg.jOg  requires  C  =  75-0;  H  =  12-5  per  cent. 

The  "  press-cake  "  was  extracted  with  alcohol,  and  the  alcoholic 
extract  examined  in  the  same  manner  as  that  obtained  from  the  seeds 
of  H.  Wightiana.  It  afforded  a  very  small  amount  of  acids  volatile  in 
steam,  which  were  recognised  as  formic,  acetic,  and  butyric  acids.  It 
also  coutained  much  inactive  glucose  and  proteid  substances. 

The  seeds  of  IL  anthelmintica  afforded,  furthermore,  0-3  per  cent,  of 
a  hydrolytic  enzyme,  which  was  isolated  in  the  usual  manner  ;  it 
hydrolyses  amygdalin,  but  does  not  act  ou  potassium  myronate. 

Isolation     of    II  y  dno  car  pic     Acid    from    Chaulmoogra 
Oil   {from    2\irakiogenos    Kurzii,  King). 

Duriug  the  investigation  of  chaulmoogra  seeds  (Power  and  Gornall, 
loc.  cit.),  it  was  shown  that,  after  the  removal  of  the  chaulmoogric  acid 
by  crystallisation  of  the  total  fatty  acids  fiom  alcohol,  severai  fractions 
were  obtained,  the  quantitative  examinât  ion  of  which  indicated  the 
présence  of  a  lower  homologue  of  chaulmoogric  acid.  In  view  of  the 
isolation  of  hydnocarpic  acid  from  the  two  sources  previously  mentioned 
in  this  paper,  it  seemed  désirable  to  attempt  to  isolate  this  acid  from 
the  fatty  oil  from  Taraktogenos  seeds. 

A  quantity  of  the  total  fatty  acids  was  therefore  fractioniUy  crys- 
tallised from  alcohol,  and  a  large  amount  of  chaulmoogric  acid  separated 
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The  mother  liqnor  from  Ihe  latter  acid  afforded  a  large  fraction 
con-isting  of  a  pasty  solid  which  could  not  be  crystallised.  It  was 
found,  however,  that  by  washing  with  cold  alcohol  the  acids  of  an  oily 
character  were  reiiioved,  and  that  the  undissolved  portion  could  then 
be  readily  crystallised  by  dissolving  in  warm  alcohol.  A  large  fraction 
melting  at  46 — 48°  was  thus  obtained,  which  was  apparently  identical 
with  the  molecular  mixture  of  chavilinoogric  and  hydnocarpic  acids 
obtained  from  Hydnocarj)us  Wightiana  and  //.  anthelminfica.  By 
fractional  précipitation  with  barium  acétate,  the  two  acids  werereadily 
separated,  and  hydnocaipic  acid,  melting  at  59  —  60°,  definitely  identi- 
fied  as  a  constituent  of  the  fatty  oil  of  Taraltogenos  seeds. 

0-1221  gave  0-3405  COg  and  0-1222  H.p.     C  =  76-l;  H=ll-1. 
Cj.HogO^  requires  C  =  76-2  ;  H  =  11  -1  per  cent. 

0-1346  absorbed  0-1338  iodine.     1  =  99-4. 

OjgHogOo,  with  one  ethylenic  linking,  requires  1=  100-7  per  cent. 

A  solution  of  1-2652  in  chloroform,  made  up  to   25   ce,  gave  in  a 
1-dcm.  tube  ttD  +3°26',  whence  [a]D  +678°. 

We   désire  to  express  our  thanks  to  Mr.  Frédéric  H.  Lees  for  his 
assistance  in  connection  with  the  investigation  of  thèse  oils. 

The  Wellcome  Chemical  Research  Laboratories, 
london,  e.c. 


XCII. — The    Constituent  S  of  the   Seeds   of  Gynocardia 
Odorata. 

By  Frederick  Belding  Power  and  Marmaduke  Barrowcliff. 

Prior  to  the  year  1900  it  was  generally  believed  that  the 
"  chaulmoogra  oil  "  of  commerce  was  obtained  from  the  seeds  of 
Gynocaidia  odorata  (Pt.  Br.).  More  recently,  however,  it  has  been 
recorded  by  Mr.  E.  M.  Holmes  {Pharm.  J.,  1900,  64,  522;  1901,  66, 
596),  on  the  authority  of  Dr.  Prain,  Director  of  the  Botanic  Survey  of 
India,  that  chaulmoogra  oil  is  afforded  by  the  seeds  of  Taraktogenos 
Kurzii  (King),  thèse  seeds  having  evidently  been  wrongly  referred  to 
the  genus  Gynocardia.  The  results  obtained  by  one  of  us  and  Mr. 
F.  H.  Gornall  (Trans.,  1904,  85,  838)  in  an  investigation  of  the  oil 
from  authentic  seeds  of  Tarahogenos  Kurzii  are  in  avcordance  with 
the  above  observation,  for  it  was  proved  that  the  latter  oil  is  identical 
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in  its  physical  characters  and  in  composition  with  the  cliaulmoogia  oil 
of  commerce. 

We  are  now,  moreover,  in  a  position  to  state  conclusively  that  the 
oil  which  has  long  been  known  in  European  commerce  as  "  chaulmoogra 
oil,"  and  sometimes  described  nnder  the  synonym  of  "gynocardia  oil," 
has  never  been  obtained  from  the  seeds  of  Gynocardia  odorata,  for 
whereas  chaulmoogra  oil  at  the  ordinary  température  is  a  solid  (m.  p. 
22 — 23°),  the  oil  from  the  i-eeds  of  Gynocardia  odorata  is  a  liquid. 
Furthemnore,  chaulmoogra  oil  is  optically  active  and  consists  chieily  of 
the  glyceryl  esters  of  members  of  the  chaulmoogric  acid  séries,  whereas 
the  oil  from  gynocardia  seeds  is  optically  inactive  and  contains  neither 
chaulmoogric  acid  nor  its  homologues. 

The  présent  investigation  has  shown  that  gynocardia  oil  consists  of 
the  glyceryl  esters  of  the  following  acids  :  (l)  linolic  acid,  or  isomerides 
of  the  same  séries,  constituting  the  largest  proportion  of  the  oil  ; 
(2)  palmitic  acid,  in  considérable  amount  ;  (3)  linolenic  and  ?solinolenic 
acids,  the  latter  preponderating  ;  and  (4)  oleic  acid,  in  relatively  small 
amount. 

In  addition  to  the  fatty  oil,  gynocardia  seeds  contain,  as  has 
previousl}^  been  shown  (Power  and  Lees,  this  vol.,  p.  349),  5  per  cent, 
of  a  cristalline  glucoside,  gynocardin,  Cj3Hi(,09N,UHp,  and  a  hydro- 
lytic  enzyme,  gynocardase. 


Expérimental. 

The  seeds  of  Gynocardia  odorata  are  not  collected  for  commercial 
purpo.ses,  and  some  difficulty  was  experienced  in  obtaining  them. 
Through  the  kindness,  however,  of  Mr.  David  Hooper,  Curator  of  the 
Indian  Muséum,  Calcutta,  it  has  been  possible  for  us  to  procure  a 
quantity  of  thèse  seeds  sufficient  fur  a  complète  investigation  of  their 
constituents. 

According  to  a  private  communication  from  Mr.  ITooper,  the 
recognised  habitats  of  Gynocardia  odorata  are  Sikkim,  Assam,  and 
Chitlagong  in  Bengal,  and  he  also  iuforms  us  that  in  Assam  the  oil  is 
sometimes  expressed  from  the  seeds  by  the  natives. 

The  seeds  employed  in  this  investigation  wei'e  collected  in  Sylhet, 
Assam,  and  their  genuineness  confirmed  by  Surgeon-Major  Prain, 
Director  of  the  Botanic  Survey  of  India,  by  tha  Reporter  on  Economie 
Products  to  the  Government  of  India,  and  also  by  Mr.  E.  M.  Holmes, 
F.L.S.,  of  London. 

On  divesting  the  seeds  of  their  shells  it  was  found  that  the  latter 
represented  37  per  cent,  of  their  weight.  The  kernels,  when  subjected 
to  hydiaulic  pressui-e,  afforded  an  amount  of  fatty  oil  and  of  a 
"  press-cake  "   équivalent,  respectively,  to  19-5  and  40  per  cent,  of  the 
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weight   of  the   eutire  seed.     By   extracting  the  total  powdex'ed  seed 
with  ether,  27 '2  per  cent,  of  oil  was  obtained. 

The  Fatty  Oil. 

The  fatty  oil  fi-om  the  seeds  of  GynocarcUa  odorata  is,  at  tbe 
ordinary  temperatux-e,  a  light  yellow  liqui  1,  having  an  odour  resembling 
that  of  linseed  oil.  It  i.s  optically  inactive.  The  expressed  oil,  and 
that  extracted  from  the  seeds  by  ether,  gave  the  following  values 
respectively  : 

Expv.-.s.sc.l  oil.         Oil  extracted  by  ether. 

Spécifie  gravity     0-9i.'5  ;it  25°  0927  at  25'" 

Acid  value    4*9  5-0 

Saponification  value 1970  199-6 

lodine  value 152-rf  1520 

Hydrolysis  of  Uip   Fatty  Oil. 

One  hundred  grams  of  the  fatty  oil  were  hydrolysed  with  alcoholic 
sodium  hydroxide,  the  alcohol  removed,  and  the  residue  mixed  with 
sand,  dried,  and  extracted  with  light  [letroleum.  The  latter  removed 
a  very  small  amount  of  a  substance  which,  after  crystallisation  from 
alcohol,  melted  at  133°,  and  proved  to  be  phytosterol. 

The  Fatty  Acids. 

The  sodium  .«alts  obtained  by  the  above  hydrolysis  were  dissolved 
in  water,  the  liquid  acidified  with  sulphuric  acid,  and  the  liberated 
fatty  acids  taken  up  by  ether.  The  ethereal  solution  was  then 
washed,  dried,  and  the  ether  removed,  the  last  traces  of  the  latter 
being  eliminated  by  heating  the  residual  oil  for  some  time  at  100°. 
The  total  mixed  fatty  acids  thus  obtained,  which  partially  solidified 
on  standing  at  the  ordinary  température,  gave  an  acid  value  of 
199-8,  and  an  iodine  value  of  162'6. 

In  order  to  investigate  the  mixture  of  fatty  acids,  500  grams  of  the 
fatty  oil  were  hydrolysed,  the  acids  liberated,  and  the  portion  volatile 
in  steam  removed.  The  latter  consisted  of  very  smali  amounts  of 
formic  and  acetic  acids.  The  non- volatile  acids  were  separated  from 
the  aqueous  liquid  and  ail  'wed  to  stand,  when  a  considérable  amount 
of  a  orystalline  substan.  e  was  deposited.  The  latter,  which  was  col- 
lected  at  the  pump,  amounted  to  60  grams  ;  it  was  dissolved  in 
alcohol  and  converted  into  its  lithium  sait  in  three  successive 
fractions,  each  of  which,  after  précipitation,  was  redissolved  by  beat, 
allowed  to  crystallise,  the  acid  regenerated,  and  then  cry.stalli.sed  from 
alcohol.     The  first  fraction  of  acid  melted  at  60 — 61°,  tlie  second  at 
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59—60°,  and  the  thircl  at  59—61°.  On  further  crystallisation  of  the 
first  fraction  it  melted  at  62°,  and  gave  on  analysis  the  following 
figures  : 

0-1086  gave  0-2991  COg  and  0-1220  HoO.     C  =  75-1  ;  H  =  12-5. 
Ci^HgoOo  requires  C  =  75-0  ;  H  =  12-5  per  cent. 

The  aolid  acid  which  separated  from  the  total  fatty  atids  was  thus 
shown  to  be  palmitic  acid. 

The  high  iodine-absorption  value  (162-6)  of  the  total  fatty  acids 
indicated  the  présence  of  linolic  acid  or  acids  of  the  same  séries,  and, 
taking  iato  considération  the  large  amount  of  palmitic  acid  isolated,  also 
of  acids  of  the  linolenic  séries.  For  the  identification  of  thèse  acids 
the  method  was  employed  which  dépends  on  oxidation  with  per- 
manganate, and  the  séparation  of  the  corresponding  hydroxy-acids 
(compare  Lewkowitsch's  Chemical  Technology  and  Analysis  of  Oils, 
Fats,  and  Waxes,  vol.  i,  pp.  360—363). 

Sixty  grams  of  the  oily  acids,  from  which  the  large  amount  of 
palmitic  acid  had  been  removed  as  described  above,  were  therefore 
oxidised  with  potassium  permanganate,  and  the  following  products 
isolated  : 

(1)  A  crystalline  acid,  melting  at  133°. 

00747  gave  0-1862  CO,  and  00773  H.O.     C  =  68-0;  H  =11-5. 
C^sHg^O^  requirt  s  C  =  68-3  ;  H  =  1 1  -4  per  cent. 

This  product  was  thus  identified  as  dihydroxystearic  acid,  and  its 
formation  proved  the  présence  of  oleic  acid  in  the  fatty  oil. 

(2)  A  crystalline  mixture,  melting  at  156 — ^159°. 

0-1158  gave  02624  CO,  and  01077  H,0.     C  =  61-8;  H  =10-3. 
CigHggOg  requires  C  =  62-l  ;  H  =  103  per  cent. 

This  evidently  consisted  of  isomeric  tetrahydroxystearic  acids,  which 
could  not  be  r^adlly  separated.  They  represented  the  chief  product  of 
the  oxidation,  and  their  formation  would  appear  to  prove  the  présence 
in  the  fatty  oil  of  isomeric  acids  of  the  linolic  séries. 

(3)  A  crystalline  acid  melting  at  171°. 

0-1010  gave  0-2100  COg  and  00866  ïïoO.     C  =  56-7  ;  H  =  9-5. 
C^gHggOg  requires  C  =  56*8  ;  H  =  9*5  per  cent. 

This  acid  was  therefore  î'solinusic  acid,  a  hexahydroxystearic  acid, 
and  its  formation  pi^oved  the  occurrence  of  ?solinolenic  acid  in  the 
fatty  oil. 

(4)  A  very  small  amount  of  a  mixtm-e  of  acids  melting  considerably 
higher  than  tsolinusic  acid.  This,  in  ail  probability,  contained  linusic 
acid  (m.   p.    203 — 205 '),   the   hexahydroxystearic   acid    derived   from 
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linolenic  acid.  The  présence  of  the  latter  acid  in  the  fatty  oil  was, 
however,  definitely  established  by  the  formation  of  its  crystalline 
hexabromide,  which  melted  at  180—181°. 

Our  thanks  are  due  to  Mr.  Frédéric  H.  Lees  for  his  assistance  in 
connection  with  this  investigation. 

The  ^YELLCOME  Chemical  Research  Laboratobies, 
LONDON,   E.C. 


XCIIT. — A    Contrihution    to    the    Study    of   ARylatecl 
Glucosides. 

By  Jaaies  Colquhoun  Ihvine,   Ph.D.,   D.Sc,   Carnegie  Fellow,    and 
Adam  Cameron,  M.  A.,  B.Sc,  Carnegie  Scholar. 

It  bas  been  shown  in  previous  papers  (Trans.,  1904,  85, 1049,  1071)  that 
when  an  alkylated  sngar  such  as  tetramethyl  glucose  is  subjected  to 
further  alkylation,  either  by  the  action  of  methyl  alcohol  containing 
hydiochlorie  acid  or  by  the  joint  action  of  silver  oxide  and  methyl  iodide, 
a  mixture  of  two  isomeric  pentamethylated  glucoses  is  obtained.  lu  the 
case  of  tetramethyl  glucose,  one  of  the  compounds  thus  produced  is 
identical  with  the  liquid  compound  obtained  by  the  methylatiou  of 
a-methylglucoside,  and  it  is  therefore  the  tetramethyl  ether  of  a-methyl- 
glucoside.  The  other  product,  which  is  crystalline  and  lœvorotatory, 
was  considered  to  be  the  corresponding  derivative  of  ^-methyl- 
glucoside. 

As  the  type  of  stereoisomerism  first  discovered  by  Fischer  in  the 
alkylglucosides  is  now  known  definitely  to  apply  to  the  pentacyl  and 
other  similar  derivatives  of  glucose,  it  no  doubt  also  exists  in  the 
pentamethylated  glucoses.  Although  there  seemed  therefore  no  reason- 
able  doubt  that  the  Isevorotatory  comjwund  to  which  référence  lias 
been  made  represented  the  /3-isomeride,  we  (onsidered  it  advisable 
to  establish  this  point  definitely  by  preparing  the  compound  by  the 
direct  alkylation  of  yS-methylglucoi-ide. 

/S  Methylglucoside  was  prepared  by  Van  Ekenstein's  method  and 
alkylated  directly  in  the  manner  previously  described  for  the  a-form 
ijoc.  cit.).  The  réaction  gave  a  nearly  quantitative  yield  of  the 
same  crystalline  compound  above  referred  to,  and  our  opinion  as  to  its 
nature  is  thus  confirmed.  As  the  method  of  préparation  obviâtes  the 
risk  of  contamination  with  traces  of  the  a  isomeride,  the  spécifie 
rotations  of  the  substance  in  varions  solvents  were  ledetermined.     In 
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water,  alcohol,  acétone,  and  benzène,  the  values  for  [ajo  were  found 
to  be  respectively  -17-34°,   -17-43^,  -  16-56°,  and  -18-07°. 

We  also  nndertook  the  examination  of  the  conditions  under  which 
the  a-  and  ;8-isomeric  alkylated  glucosides  are  converted  into  each  other. 
The  transformation  of  a-  and  /S-methylglucosides  and  also  of  the 
corresponding  penta-acyl  compounds  has  recently  been  studied  by 
Jungius,  Lobry  de  Briiyn,  and  others,  the  reagents  used  (when  the 
change  is  carried  out  in  solution)  being  either  alcoholic  hydrogen 
chloride,  acetic  anhydride  containing  zinc  chloride,  or  chloroform  con- 
taining  sulphur  trioxide.  We  took  advantage  of  the  solubility  of  our 
alkylated  glucosides  in  other  organic  solvents  in  order  to  ascertain 
whether  the  solvent  used  plays  a  spécifie  part  in  the  transformation. 

In  the  tirst  place,  we  found  that  prolonged  heating  at  140^  in  methyl- 
alcoholic  or  benzène  solution  did  not  promote  the  change  in  question, 
and  heating  with  sodium  methoxide  and  methyl  alcohol  was  similarly 
without  elîect.  When  small  quantities  of  hydrochloric  acid  (0-25  per 
cent.)  are  dissolved  in  the  solvent,  we  found  that  the  réversible  reaction 
a-Z^P  proceeds  at  températures  ranging  from  110°  to  150°  in  methyl 
alcohol,  acétone,  ether,  or  benzène,  and  thus  the  change  takes  place 
independently  of  the  nature  of  the  solvent  used.  This  resuit  seems 
to  exclude  Fischer's  theory  that  transformations  of  this  nature 
dépend  on   the   iutermediate  formation   of    compounds  of    an    acetal 

type. 

In  the  case  of  our  solutions  in  methyl  alcohol  containing  hydro- 
chloric acid,  heating  was  continued  at  120°  until  the  rotation  became 
constant,  and  practically  the  same  equilibrium  point  was  reached  in 
parallel  experiments  made  on  the  a-  and  /J-forms.  Calculating  from 
the  constant  spécifie  rotation  observed,  the  ecpiilibrium  mixtuie 
contains  77  per  cent,  of  the  a-  and  23  per  cent,  of  the  y8-isomeride. 
Jungius  {Proc.  K.  Âcad.  Wetensch.  Amsterdam,  1903,  6,  99)  found 
identically  the  same  equilibrium  proportions  in  similar  experiments  on 
a-  and  /3-methylglucosides. 

In  the  other  solvents  used,  the  change  was  much  slower,  and,  despite 
prolonged  heating,  in  no  other  case  was  the  equilibrium  point  reached. 
Thus,  whilst  a  solution  of  the  a-form  in  methyl  alcohol  coutaining 
0*25  per  cent,  of  hydrogen  chloride  attained  the  equilibrium  point 
mentioned  in  30  hours,  a  similar  solution  in  benzène  contained  after 
the  same  treatment  only  16  per  cent,  of  the  )8-form. 

This  resuit  seems  to  us  to  indicate  that  moisture  plays  a  part  in  the 
change  and  that  the  catalytic  action  of  the  hydrochloric  acid,  whatever 
its  nature  may  be,  is  probably  dépendent  on  the  ionisation  of  tlie  acid. 
The  two  experiments  were  carried  out  under  strictly  parallel  conditions 
as  to  concentration,  strength  of  acid  used,  température,  and  time  of 
heating.     The  amount  of  water  présent  would  probably,  however,  be 
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greater  in  the  alcoholic  solution  than  in  the  case  of  benzène,  and  this 
may  account  for  the  equilibrium  being  more  readily  established  in  the 
former  solvent. 

Our  results  are  therefore  in  agreement  with  the  idea  (E.  F. 
Armstrong,  Trans.,  1903,83,  1310;  1904,85,  1044)  that  the'trans- 
formation  of  glucosides  takes  place  without  rupture  of  the  y-oxidic 
linkage  or  the  temjiorary  addition  of  the  solvent  used.  We  intend  to 
make  a  more  complète  study  of  the  mechanism  of  the  interconversion 
of  alkylated  glucosides. 

We  hâve  also  succeeded  in  alkylating  ^-methylgalactoside,  and  find 
that  this  process  gives  the  same  crystalline  tetramethyl  methyl- 
galactoside  (m.  p.  38 — 40°)  which  we  formerly  obtained  by  the  methyl- 
ation  of  tetramethyl  galactose.  Our  views  as  to  the  nature  of  this 
substance  also  are  thus  confirmed.  In  this  connection  we  would  refer 
to  the  expérimental  part  for  the  description  of  a  compound  having 
the  molecular  composition  and  properties  of  a  teti'ametbyl  methyl- 
galactoside,  but  differiug  from  the  well-defined  a-  and  /?-isomerides  in 
its  very  low  dextrorotation.  The  compound  in  question  gave  a  syrup 
on  hydrolysis  which  only  dilïered  from  tetiamethyl  galactose  in  its 
spécifie  rotation,  which  in  alcoholic  solution  was  +  3-8°  instead  of 
+  62-6°. 

An  explanation  of  the  nature  of  this  compound  is  olïered  in  the 
expérimental  part,  along  with  the  data  on  which  the  déduction  is 
based. 

Expérimental. 

The  /3-methylglucoside  used  in  our  experiments  was  prepared  by 
Van  Ekenstein's  method  {Rec.  Trav.  chim.,  1894,  13,  183— 18G),  a 
process  which  dépends  on  the  fact  that  when  glucose  is  condensed  with 
methyl  alcohol  according  to  Fischer's  original  method  {Ber.,  1893,  26, 
2400),  the  /5-form  of  the  glucoside  is  first  produced,  and  is  afterwards 
transformed  almost  completely  into  the  a-variety.  By  dissolving 
glucose  in  methyl  alcohol  containing  28  per  cent,  of  hydi'ochloric  acid 
and  neutralising  the  acid  as  soon  as  the  liquid  ceased  to  reduce 
Fehling's  solution.  Van  Ekenstein  obtained  the  two  isomeric  methyl- 
glucosides  in  about  equal  proportions.  The  process  gives  exceedingly 
good  yields  of  the  crystalline  glucosides,  but  the  séparation  of  the 
^-form  by  fractional  crystalHsation  from  alcohol  is  extremely  tedious. 
We  modified  the  method  somewhat  by  extracting  the  mixture  of  the 
glucosides  with  a  large  excess  of  boiling  ethyl  acétate.  In  this  way, 
the  a-form  was  gradually  extracted,  and  the  undissolved  residue,  when 
examined  in  alcoholic  solution,  was  found  to  be  practically  inactive. 
The  final   purification  was  effected  by  means  of  crystallisation   from 
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80  per   cent,   alcohol,  and  in   this   way   the  pure  /3-form,    showing  a 
spécifie  rotation  of  -  32'2°  and  melting  at  108°,  was  obtained. 

We  take  this  opportunity  of  expressing  our  indebtedness  to  Dr. 
E.  F.  Armsti'ong,  who  kindly  furnished  us  with  an  additional  quantity 
of  /8-methylglucoside  and  thus  enabled  us  to  extend  our  experiments. 

The  methylation  of  the  compound  was  effected  as  described  in  pre- 
vious  papers  (Trans.,  1903,  83,  1021  ;  1904,  85,  1049)  by  the  joint 
action  of  silver  oxide  and  methyl  ioJide,  and  with  a  similar  resuit. 
As  the  alkylation  proceeded,  the  product  became  soluble  in  methyl 
iodide,  and  thus  the  last  treatment  with  silver  oxide  was  carried  out 
in  this  sol  vent.  It  was  found  to  be  unnecessary  to  distil  the  final 
product,  as,  on  nucleating  with  tetramethyl  ^-methylglucoside  from  a 
previous  préparation,  the  liquid  solidified  completely  to  a  niass  of 
beautiful  needles  which,  after  drying  on  a  tile  and  i-ecrystallisation 
from  alcohol,  melted  at  40—41°. 

0-1340  gave  0-2581  COg  and  0-1042  H.O.     0  =  52-54;  H  =-8-84. 

Ci^Hg-A;  requires  G  =  52-80  3  H  =  8-80  per  cent. 
The  yield  of  crystalline  product  was  practically  quantitative,  and 
examination  of  the  mother  liquors  collected  during  the  recrystallisa- 
tion  showed  that  no  trace  of  the  a-isomeride  was  présent.  From  this 
we  conclude  that  the  direct  process  of  alkylation  by  means  of  silver 
oxide  and  methyl  iodide  is  not  attended  by  auy  change  in  the  position 
of  the  glucosidic  methyl  group. 

The  optical  rotatory  power  of  the  compound  was  redetermined,  as 
when  produced  by  the  alkylation  of  tetramethyl  glucose  the  substance 
is  liable  to  be  contaminated  with  traces  of  the  a-isomeride. 

Solvent.  ■  c.  l.  a"-o\  [a]f. 

Water 4-4130         2  -153^  -17-34° 

Ethyl  alcohol 5-0200         2  -1-75  -17-43 

Benzène  5-0110         2  -1-66  -16  56 

Acétone  5-0080         2  -1-81  -18-07 

It  will  be  seen  that  the  rotations  hère  given  are  greater  in  the 
lœvorotatory  sensé  than  those  quoted  in  a  previous  paper.  In  view  of 
the  fact  that  in  the  présent  instance  the  possibility  of  the  présence  of 
the  dextrorotatory  a-isomeride  is  excluded,  we  désire  to  substitute  the 
above  numbers  for  those  already  published. 

The  identity  and  purity  of  the  alkylated  glucoside  were  confirmed  by 
a  study  of  its  hydrolysis.  When  heated  in  aqueous  solution  with 
8  per  cent,  hydrochloric  acid,  as  already  described  (loc.  cit.),  the  rotation 
was  found  to  increase  continuously  in  the  dextrorotatory  sensé  without 
fluctuation,  and  practically  a  quantitative  yield  of  tetramethyl  glucose 
(m.  p.  83 — 84°)  was  obtained. 
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We  found  that  the  préparation  of  the  alkylated  ^-glucoside  is 
equally  successful  if  the  original  material  used  consiste  of  a  mixture  of 
the  two  isomeric  methylglucosides  containing  not  more  than  25  per 
cent,  of  the  a-form.  In  such  cases,  however,  the  alkylated  product 
has  to  be  distilled  in  a  vacuum  and  the  /S-form  crystallised  out  from 
the  more  volatile  fractions. 

On  hydrolysing  a  mixture  of  the  two  alkylated  glucosides  obtained 
in  this  direct  manner,  we  succeeded  in  recording  a  well-defined  rise  and 
fall  of  rotation.  The  déduction  made  in  previous  papers  that  this 
phenomenon  is  significant  of  the  présence  of  both  alkylated  glucosides 
is  thus  confirmed. 


Action  of  Emulsin  on  Tetramelhyl  /3-Methi/fglucoside. 

It  has  already  becn  observed  that  emulsin  effects  the  hydrolysis  of 
tetramethyl  /S-methylglucoside,  and  that  during  the  change  the  optical 
activity  of  the  solution  alters  frooi  Itevo-  to  dextro-rotatory.  We 
endeavoured  to  follow  this  reaction  quantitatively  by  means  of  the 
polarimeter  on  the  lines  laid  down  by  E.  F.  Armstrong  (loc.  cit.),  in 
the  hope  of  obtaining  data  by  means  of  which  the  alkylated  glucoside 
could  be  correlated  with  the  parent  aldose  of  similar  structure.  In  the 
first  place,  one  part  by  weight  of  the  glucoside  was  dissolved  in  water 
(10  parts),  finely-powdered  emulsin  (2  parts)  added,  and  the  solution 
maintained  at  39°.  At  the  beginning  of  the  experiment,  the  lœvo- 
rotation  of  the  solution  was  higher  than  the  calculated  value  for  the 
glucoside,  and  this  was  found  to  be  due  to  the  fact  that  the  emulsin 
used  (Kahlbaum's)  gave  a  lœvorotatory  solution  when  extracted  with 
water  at  40°.  When  a  spécimen  of  the  enzyme  was  extracted  in  this 
way  for  15  days,  the  water  being  renewed  every  third  day,  ail  the 
solutions  obtained  displayed  a  feeble,  although  évident,  lœvorotation. 
As  Armstrong's  method  of  hydrolysis  dépends  on  the  nature  and  not 
on  the  magnitude  of  the  optical  changes  observed,  the  présence  of 
active  materials  in  the  solution  does  not  affect  the  resuit.  We  found, 
however,  that  in  the  foregoing  experiment  on  the  /3-glucoside  the  solu- 
tion very  readily  became  turbid  owing  to  coagulation  of  the  dis- 
solved enzyme.  This  resuit  seems  to  be  caused  either  by  slight  varia- 
tions in  the  température  or  by  the  action  of  traces  of  alkali  added  to 
promote  the  multirotation  of  the  hydrolysis  product.  Filtration  was 
therefore  rendered  necessary,  and  this  we  found  to  resuit  in  a  decrease 
of  the  Itevorotation.  Blank  experiments  made  with  emulsin  and 
water  alone  gave  .similar  results.  Heating,  or  addition  of  a  trace  of 
alkali  to  such  a  solution,  occasioned  a  turbidity,  and  after  filtration  the 
Isevorotation  was  invariably  found  to  be  diminished,  We  were  thus 
unfortunately  unaMe  to  apply  this  method  of  hydrolysis  quantitatively, 
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but  quote  the  fibove  observations,  which  indicate  that  with  certain 
spécimens  of  emulsin  changes  in  rotatory  power  may  be  occasioned  by 
the  coagulation  of  the  enzyme  and  thus  give  rise  to  misleading 
results. 


Interconversion  of  the  a-  and  (i-Modifications  of  Tttrameilojl   Methyl- 
glucoside. 

Alkylated  glucosides,  on  account  of  their  varied  solubility  aud  the 
well-defined  changes  in  rotatory  power  which  they  exhibit  on 
hydrolysis,  are  well  adapted  for  the  study  of  the  mutual  interconver- 
sion of  isomeric  glucosides.  In  our  experiments  we  used  the  crystal- 
line  tetramethyl  /8-methylglucoside,  prepared  as  already  described  fi-om 
^-methylglucoside,  and  also  the  liquid  a-isomeride  similarly  obtained 
froni  a-methylglucoside. 

Both  compounds  were  found  to  be  unalïected  in  rotation  by  distilla- 
tion in  a  vacuum,  and  thus  no  interchange  of  the  glucosidic  methyl 
group  takes  place  in  the  gaseous  state.  The  a-form  was  also  found  to 
be  stable  in  methyl-alcoholic  solution  towards  the  action  of  sodium 
methoxide,  as  solutions  containing  widely  différent  proportions  of  the 
methoxido  showed  a  constant  optical  activity  when  preserved  for 
several  weeks  at  50°. 

Methyl  alcohol  containing  0-25  per  cent,  of  hydrochloric  acid  is, 
however,  capable  of  effecting  the  change,  but  at  moderate  températures 
the  conversion  is  extremely  slow.  Thus  a  solution  of  the  a-form  in 
this  solvent  was  heated  for  60  hours  at  40°  without  exhibiting  any 
appréciable  change  of  rotation,  and  the  conversion  into  the  (3-iorm. 
did  not  occur.  At  températures  ranging  from  110°  to  150°,  however, 
the  réversible  reaction  a:^^  was  found  to  proceed,  and  positive 
results  were  obtained  with  solutions  in  alcohol,  ether,  acétone,  or 
benzène  containing  small  quantities  of  hydrochloric  acid  (0'25  per 
cent.).  In  carrying  out  thèse  experiments,  duplicate  solutions  of  the 
pure  a-  and  /3-isomerides  were  prepared,  and,  after  détermination  of 
the  spécifie  rotation,  were  heated  in  sealed  tubes  for  several  hours. 
The  conversion  into  the  opposite  isomeride  was  indicated  by  a  rise  or 
fall  in  the  rotation  according  as  the  y8-  or  a-form  was  used  as  the  start- 
ing  point.  That  thèse  changes  in  activity  were  directly  due  to  inter- 
conversion of  the  glucosides  was  proved  in  each  case  by  a  careful 
study  of  the  hydrolysis  of  the  product.  During  the  hydrolysis,  the 
remarkable  rise  and  fall  in  rotation  were  observed  which  we  hâve 
sliown  to  be  characteristic  of  the  mixed  glucosides. 

The  following  numbers  show  the  nature  and  magnitude  of  the 
changes  in  rotation  observed  owing  to  transformation  of  the 
glucosides. 

VOL.   LXXXVII.  3   P 
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[«]?.^       [«ir. 

Suivent.  Time  of  lieating.  Initial.  Final. 

\.l3—*a         Metliyl  alcoliol  50  hoiirs  at  120'  -  15-0°  + 100-8° 

2.  ,,  Ether 30        „         140  -21-3  +67-0 

3.  ,,  Benzène 30        ,,         140  -19-1  +41-3 

4.  ,,  Acétone 30       ,,        140  -ISl  +45-1 

5.  a—*0         Methyl  alcohol  30        ,,         120  +142-0  +106'6 

6.  „  Benzène 30        ,,         140  +144-7  +120-9 

In  expeinments  1  and  5,  the  heating  was  continuée!  for  an  additional 
uO  hours  in  order  to  ensure  the  attainment  of  equilibrium. 

In  each  of  the  experiments  summarised  above,  the  product  was 
isolated  by  removing  the  hydrochloric  acid  by  means  of  bai^ium  carbon- 
ate and  evaporating  the  filtered  solution  to  dryness.  In  each  case,  the 
residual  oil  behaved  like  a  glucoside  towards  Fehling's  solution,  and 
thus  no  hydrolysis  had  occurred  during  heating.  The  product  -was 
then  dissolved  in  8  per  cent,  hydrochloric  acid  so  as  to  make  a  7  per 
cent,  solution  of  substance  and  heated  to  80°.  At  this  température, 
the  /?-form  is  quickly  hydrolysed,  whilst  the  a-form  is  comparât  ively 
stable,  and  thus  the  rise  in  rotation  of  the  solution  during  the  first 
stages  of  the  hydrolysis  is  readily  determined  by  polarimetric  observa- 
tions at  intervais  of  15  minutes. 

The  following  table,  which  contains  the  data  obtained  in  experi- 
nicnt  I,  shows  the  nature  of  thèse  changes. 

Time.  [a]i,. 

0  +ioo-s°i 

15  minutes  at    80°  115-0  iRise. 

30        „         „     80  118-8  J^ 

60        „         „  100  100-9     I 

90        „         „     „  89-5     P^^l- 


120        „         „     „        87-2") 

150        „         „     „       87-0  f 


Constant. 


The  tetramethyl  glucose  was  isolated  in  each  experiment  as  already 
described. 

The  change  a  ^  /3  was  also  studied  in  mixtures  of  the  glucosides, 
where  the  proportion  of  the  two  forms  does  not  correspond  with  that 
of  the  equilibrium  mixture  under  the  conditions  of  the  experiment. 

It  should  be  noted  that  the  only  solvent  in  which  heating  was  con- 
tinued  until  a  constant  rotation  was  observed  was  methyl  alcohol.  The 
end  value  reached  was  approximately  the  same  in  each  case,  and  corre- 
sponded  with  a  mixture  of  77  per  cent,  of  the  a-form  and  23  per  cent, 
of  the  y8-variety. 

In  other  solvents,  the  change  was  slower,  particularly  in  the  case  of 
benzène,  but  the  interconversion  seems  to  take  place  independently  of 
the  nature  of  the  solvent.     The  présence   of  hydrochloric   acid  in  the 
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solution  is,  however,  necessary.  In  experiments  carried  eut  in  pure 
methyl  alcohol  or  pure  benzène,  no  change  in  the  rotation  of  either 
glucoside  was  observed  after  heating  to  140°  for  60  hours,  and  a  mixture 
of  the  two  glucosides  likewise  maintained  a  constant  optical  activity 
on  similar  treatment. 


Tetrametkyl  fi-Methylgalacloside. 

This  compound  was  prepared  similarly  to  the  corresponding  gluco- 
side by  the  direct  alkylation  of  /3-methylgalactoside.  We  hâve,  how- 
ever, in  the  first  place,  to  record  an  abnormal  séries  of  results. 
During  préviens  work  we  had  occasion  to  prépare  a  large  quantity  of 
a-methylgalactoside  by  condensing  galactose  with  methyl  alcohol  at 
100°  with  025  per  cent,  of  hydrochloric  acid.  The  a-form  was  separ- 
ated  by  fractional  crystallisation,  and  a  large  residue  was  thus  accu- 
mulated  which  presumably  contained  the  /3-methylgalactoside.  This 
substance  was  a  clear,  yellow,  semicrystalline  syrup,  and  it  had  no 
action  on  Fehling's  solution  until  hydrolysed.  As  it  showed  only  a 
slight  dextrorotation  in  alcohol  or  water,  we  concluded  that  it  con- 
sisted  mainly  of  the  feebly  dextrorotatory  ^  methylgalactoside,  and 
we  therefore  utilised  the  material  for  the  préparation  of  tetramethyl- 
/8-methylgalactoside  by  alkylation.  The  alkylation  apparently  pro- 
ceeded  normally,  and  the  product  was  therefore  distilled  under  reduced 
pressure  (140 — 142714  mm.).  Analysis  showed  the  substance  to 
hâve  the  composition  of  a  fully  methylated  galactoside,  and  the  mole- 
cular  weight  in  benzène  by  the  cryoscopic  method  was  normal.  Hydro- 
lysis  of  this  compound  with  8  per  cent,  hydrochloric  acid  at  100°  gave 
a  syrup,  which  distilled  under  reduced  pressure  without  décomposition 
and  reduced  Fehling's  solution  actively.  In  composition  and  other- 
wise,  the  substance  resembled  tetramethyl  galactose,  Thus,  when 
heated  with  silver  oxide  and  methyl  iodide,  it  gave  a  glucosidic  pro- 
duct which  analysis  showed  to  be  a  tetramethyl  methylgalactoside. 

In  other  respects,  however,  the  results  were  quite  abnormal.  The 
spécifie  rotation  in  alcohol  of  the  licjuid  tetramethyl  methylgalacto- 
side, obtained  in  the  foregoing  manner  by  alkylating  the  supposed 
mixture  of  a- and  )8-galactosides,  was  -I- 4*6°,  a  number  which  accorded 
with  our  expectations  that  it  contained  a  large  proportion  of  tetra- 
methyl j8  methylgalactoside  ;  the  liquid,  however,  despite  repeated 
fractionation,  could  not  be  made  to  crystallise  when  nucleated  with 
cry.stals  of  this  compound,  and,  although  on  hydrolysis  a  rise  and  final 
fall  of  rotation  were  detected,  thèse  changes,  contrary  to  expectation, 
were  only  slight.  Further,  the  methylated  sugar  obtained  from 
this  hydrolysis  displayed  a  very  low  rotatory  power  in  alcohol 
([a]D-l-3-8°),  whilst  that   of  tetramethyl   galactose  is  -1-62-6°,  and  the 
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glucosidic  product  obtained  froni  it  by  remethylation  was   practically 
inactivo. 

The  following  table  contains  a  comparison  of  the  composition  and 
properties  of  the  compound  under  considération  with  liquid  tetramethyl 
a-methylgalactoside  : 


Tetramethyl  a-Methylgalactoside. 

Colouiless  liquid  of  a  glucosidic 

nature. 

Composition  (calculated)  : 

C  =  52-80;  H  =  8-80;  CH3O  =  62  0  per 

cent. 

Molecular  weight  (calculated)  =  250. 

Boiling  point  : 

136—137°  under  11  mm.  pressure. 

[aJ^o°  in  alcohol  +109-9°. 

Hydrolysed   with    a    great   decrease   in 
rotatory   power   to   give    a    reducing 
sugar. 
Composition  of  tetramethyl  galactose  : 
C  =  50-85;  H  =  8-47;  CH30  =  52-54  per 
cent. 


Isomeric  Comjmund. 

Colourless  liquid  behaviug  like  a 

glucoside. 

Composition  (found)  : 

C  =  52-71  ;  H  =  8-76  ;  CH30  =  61-85  per 

cent. 

Molecular  weight  (found)  =  243. 
Boiling  point  : 

140 — 142°  under  14  mm.  pressure. 
[a]20'in  alcohol  +4-6°. 

Also   hydrolysed   to   a   reducing   sugar. 
Rotation  decreased  very  slightly. 

Composition     of     the     reducing     sugar 
formed  : 
C  =  50-37;  H  =  8-42;  CHaO^ôl-Cpcr 

cent. 
Boiling  point  of  sugar  : 
170—172'-  under  12  mm. 


pressure. 

[a]'f  in  alcohol  +  3  -8°. 

Also  reacted  with  methyl  iodide  and 
silver  oxide  to  give  a  glucosidic  liquid, 
boiling  point  135 — 140°  under  13  mm. 
pressure.     CH3O  =  63  '2  per  cent. 


Boiling  point  of  sugar  : 

172°  under  13  mm.  pressure. 

[a]-^°  in  alcohol  +62  6°. 

Tetramethyl  galactose  reacts  with  methyl 
iodide  and  silver  oxîde  to  give  the 
mixedgalactosides  boiling  at  135 — 140° 
under  1 1  mm.  pressure  and  containing 
CH3O  =  62  -0  per  cent. 

It  will  be  seen  that  a  complète  parallel  is  established  between 
the  syrupy  galactoside  used  and  a-niethylgalactoside  save  that  the  -1 
compounds  given  by  the  former  on  alkylation  and  hydrolysis  are 
almost  inactive.  From  the  fact  that  the  molecular  composition  and 
reactive  powers  are  identical  in  each  case,  it  may  be  deduced  that  the 
compounds  of  low  rotation  are  either  partially  racemised  or  hâve  a 
différent  configuration  from  galactose.  ïhe  latter  view  is  unlikely,  as 
in  gênerai  the  introduction  of  a  methyl  group  into  the  glucosidic 
position  or  the  reverse  change  of  the  hydrolysis  of  a  glucoside  is 
atteuded  by  a  marked  change  in  rotatory  power,  It  will  be  seen  that 
in  the  présent  case  hydrolysis  only  eft'ected  a  small  decrease  in  the 
spécifie  rotation  and  therefore  presumably  only  a  small  proportion  of 
active  material  was  présent.  Car  results  appear  to  faveur  the  view 
that  the  compounds  examined  were  essentially  racemic  forms,  although 
this  idea  assumes  that  racemisation  had  taken  place  in  ail  four 
asymmetric  Systems  contained  in  the  galactose  molécule. 

In  this  connection,  it   should  be  noted  that  in  his  condensation  of 
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galactose  with  methyl  alcohol  {Ber.,  1895,  28,  1154)  Fischer  states 
that  in  addition  to  the  two  isomeric  methylgalactosides,  a  third 
substance  of  a  glucosidic  nature  is  produced.  This  compound  was 
evidently  formed  by  tlie  long-continued  action  of  methyl  alcohol 
containing  0*25  per  cent,  of  hydrochloric  acid  on  either  galactoside, 
and  it  seems  likely  that  the  alkylated  products  described  above 
represent  the  methylated  derivatives  of  this  unknown  substance. 

The  above  results  eraphasise  the  importance  of  starting  with  glucosides 
of  known  composition  and  purity  in  work  on  alkylated  sugars,  as 
otherwise  the  values  obtained  for  the  spécifie  rotations  may  be 
incorrect. 

For  the  préparation  of  pure  crystalline  /3-methylgalactoside  we 
adopted  the  process  which  Van  Ekenstein  describes  for  the  correspond- 
ing  glucoside.  The  same  difficulty  was  experienced  in  separating  the 
a-  and  /3-forms,  but  slow  crystallisation  from  80  per  cent,  alcohol  gave 
the  desired  compound  melting  at  106 — 109'^  and  showing  practically  no 
rotation  in  alcohol ic  solution. 

Alkylation  gave  a  nearly  quantitative  yield  of  a  glucosidic  oil 
which  crystallised  readily  wheu  nucleated  with  tetramethyl  )8-methyl- 
galactoside.  After  drying  on  a  tile  and  recrystallisation  from  light 
petroleum,  the  crystals  melted  at  38 — 40°. 

C  =  52-62;  H  =  8-80. 

C„H220g  requires  0  =  52-80  ;  H  =  8-80  per  cent. 

The  spécifie  rotations  of  the  compound  were  redetermined. 

Suivent.  c.  l.  a-"'.  MT- 

Ethyl  alcohol  2-720         2  -1-14°  -20-98° 

Water  2-082         2  +1-30  +31-22 

The  numbers  already  published  by  us,  -20-9°  and  +30-7° 
respectively,  are  thus  confirmed  and  the  préparation  correlates  our 
crystalline  alkylated  raethylgalactoside  with  ^-methylgalactoside. 

In  conclusion,  we  désire  to  express  our  thanks  to  Professer  Pui-die, 
who  placed  his  research  laboratory  at  our  disposai  and  gave  us  the 
benefit  of  his  kindly  interest  and  advice,  and  also  to  the  Executive 
Committee  of  the  Carnegie  Trust  for  defraying  the  entire  cost  of  the 
investigation. 

Chemical  Research  Laboratory,  » 

United  Collège  of  St.  Salvator  and  St.  Léonard, 
University  of  St.  Andrews. 
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XCIV. — The  Thermal  Décomposition  of  Formaldehyde 
and  Acetaldehyde. 

By  William  Arthur  Bcne  and  Henry  Llewellyn  Smith. 

A  KNOWLEDGE  of  the  behaviour  of  formaldehyde  and  acetaldehyde  at 
high  températures  is  essential  to  the  correct  interprétation  of  the 
reactions  concerned  in  hydrocarbon  flames,  and  we  hâve  accordingly 
made  a  number  of  experiments  at  températures  between  400°  and 
1150°,  the  results  of  which  are  summarised  in  this  paper. 

The  gênerai  arrangement  of  the  apparatus  employed  in  most  of  the 
experiments  is  shown  in  the  accompanying  diagram.     The  vapour  of 
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the  aldéhyde  under  investigation  was  admitted  into  the  vacuous  glazed 
porcelain  tube,  A  (285  cm.  long,  l'3  cm.  internai  diameter,  capacity 
=  34  ce),  which  had  been  previously  heated  to  the  desired  expéri- 
mental température.  The  body  of  A  terminated  in  long  narrow  ends 
(2  mm.  bore)  which  projected  for  some  distance  beyond  the  heated 
zone.  The  cold  ends  were  joined  by  stout  pressure  tubing  to  the 
glass  stopcocks,  a  and  b,  thi-ough  which  connection  could  be  made  with 
the  aldéhyde  vaporiser  or  with  the  manometer,  M,  and  thence,  through 
the  stopcock,  c,  with  an  automatic  Sprengel  pump,  as  circumstances 
required. 

A  small  glass  worm  (not  shown  in  the  diagram)  containing  about 
5  ce.  of  water  was  inserted  between  the  stopcock  c  and  the  pump. 

To  ensure  the  uniform  heating  of  A  it  was  fixed,  by  means  of  brass 
joints  with  stvifRng  boxes,  co-axially  with  the  wider  porcelain  tube,  B 
(45  cm.  long  and  1*7  cm.  internai  diameter)  ;  the  two  tubes  rested  on 
the  bed  of  a  powerful  furnace  (35  cm.  long),  the  gas  supply  of  which 
was  regulated  by  a  Stott  governor.  A  slow  carrent  of  dry  hydrogen 
was  maintained  through  the  annular  space  between  A  and  B,  during 
the  whole  of  each  experiment.  Ail  températures  were  determined  by 
means  of  a  Le  Chatelier  thermo-junction. 

Before  the  aldéhyde  vaponr  was  admitted  to  the  vacuous  tube,  the 
stopcocks  a  and  c  were  closed,  whilst  b  remained  open,  thus  leaving 
the  tube  in  connection  with  the  manometer  only.     Immediately  after 
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the  admission  of  the  vaponr,  a  was  again  shut,  and  the  movement  of 
the  mercury  in  the  manometer  observed  during  the  whole  period  of 
heating,  At  the  end  of  each  experiment,  the  gases  in  A  were  with- 
di'awn  by  the  pump,  through  the  watei*  in  the  glass  worm,  into  tubes 
over  mercury,  where  they  were  allowed  to  remain  in  contact  with  sticks 
of  zinc  chloride  for  several  hours  (to  ensure  the  removal  of  traces  of 
aldéhyde  vapour)  before  being  analysed.  After  the  tube  A  had  been 
completely  exhausted,  it  was  finally  burnt  out  with  oxygen  in  order  to 
prove  whether  or  not  the  décomposition  of  the  aldéhyde  had  been 
attended  by  any  séparation  of  carbon. 

A.  Experiments  with  Formaldehyde. 

(a)  Experiments  with  formaldehyde  vapour  wei"e  made  at  400"^,  500°, 
700°,  900°,  and  1125°.  At  ail  températures  above  700°,  practically  the 
whole  of  the  vapour  decomposed  into  carbon  monoxide  and  hydrogen 
as  soon  as  it  entered  the  hot  tube  ;  the  manometer  never,  in  fact, 
indicated  any  rise  in  pressure  after  the  tube  had  once  been  filled  at 
atmospheric  pressure,  an  opération  which  did  not  occupy  more  than 
two  or  three  seconds.  At  500°,  a  slight  increase  in  pressure  was 
observed  when  the  tube  was  very  quickly  filled,  but  not  if  the 
admission  of  the  vapour  extended  over  15  or  20  seconds.  In  the  ex- 
periments at  400°,  the  manometer  indicated  an  increase  in  pressure  of 
about  100  mm.  within  the  first  minute  after  the  tube  had  been  filled 
at  the  atmospheric  pressure  ;  any  further  increase  in  pressure  was 
always  very  small. 

Although  the  décomposition  above  500°  was  so  extremely  rapid,  it 
never  seemed  to  be  quite  complète  ;  traces  of  formaldehyde  could 
usually  be  detected  in  the  exit  gases  even  at  1125°.  Thèse  obser- 
vations cannot,  however,  be  accepted  as  absolute  proof  that  the 
décomposition  is  réversible,  since  traces  of  vapour  might  hâve  been 
shot  through  the  tube  during  the  filling  opération,  and  hâve  condensed 
in  the  cold  capillary  connections  leading  to  the  manometer.  AVhilst 
the  gascons  products  were  mainly  composed  of  nearly  equal  propor- 
tions of  carbon  monoxide  and  hydrogen,  they  always  contained  a  small 
quantity  of  a  saturated  hydrocarbon,  presumably  méthane,  as  well  as 
traces  of  carbon  dioxide.  There  can  be  no  doubt,  however,  that  at  ail 
températures  décomposition  mainly  occurs  in  accordance  with  the 
équation  H^ICIO  =  Hg  +  CO. 

In  the  experinuents  at  400°  and  500°,  however,  there  were  in- 
dications that  the  main  décomposition  was  accompanied  by  some 
more  complex  change  involving  a  preliminary  "condensation"  of  a 
portion  of  the  vapour.  Thus,  for  instance,  after  the  tube  had  been 
filled  at  400°,  the  manometer  indicated  a  momentai'y  diminution 
followed  by  a  rapid  increase  in  pressure. 
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Tt  is  important  to  observe  that  in  none  of  tbe  experiments  was  there 
tlie  sliglitest  séparation  of  carbou.  Tbe  significance  of  tbis  fact  in 
connection  witb  tbe  subject  of  hydrocarbon  combustion  will  be  con- 
sidered  in  a  future  communication. 

The  détails  of  a  typical  séries  of  experiments  are  tabulated 
below  : 


Tempérât  are. 

400°. 

500^ 

700^. 
2  minutes. 

900°. 
2  minutes. 

1125°. 

1125°. 

Durationofheating. 

2  minutes. 

2  minutes. 

1  minute. 

0-4 
49  8 
48-9 

0-9 

1  minute. 

Percentage     f^g^- 
composition  <  ,, 
of  produets.    ^^^ 

trace 

52-7 

45  2 

21 

0-25 
50-75 
47-00 

2-00 

0-40 
50-20 

48-75 
0-G5 

0-5 
49-4 
49-1 

10 

0-4 
49 -G 
49-0 

1-0 

(b)  The  question  whether  or  not  tbe  décomposition  of  formaldebyde 
is  to  any  appréciable  extent  réversible  under  tbe  conditions  just 
described  is  of  interest  in  connection  witb  tbe  subject  of  flatne 
reactions.*  It  bas  been  sho-wn  in  a  previous  paper  (Bone  and  Wheeler, 
Trans.,  1903,  83,  1087)  that  no  détectable  quantity  of  formaldebyde  is 
produced  wben  a  mixture  of  equal  volumes  of  moist  carbon  monoxide 
and  hydrogen  is  continuously  circula; eJ  over  a  hot  surface  of  porous 
porcelain  for  two  days  at  460—480°.  We  bave  twice  repeated  tbis 
experiment  witb  tbe  ^ame  négative  resuit. 

In  two  otber  experiments  we  bave  circulated  a  similar  mixture, 
saturated  witb  moisture  at  14°  and  26°  respectively,  in  an  apparatus 
comprising  (1)  tbe  porcelain  tubes  A  and  B  beated  to  a  température  of 
from  1050 — 1080°,  (2)  a  cooled  worm  containing  about  20  ce.  of 
water,  (3)  a  manometer  and  automatic  pump  witb  the  necessary 
return  connections.  Tbe  total  capacity  of  the  apparatus  was  about 
250  ce.  Each  experiment  lasted  4  hours,  and  the  gaseous  mixture 
(pressure  =  438  and  400  mm.  respectively)  completed  a  circuit  once 
every  10 — 15  minutes.  The  results  were,  however,  entirely  négative; 
there  was  little  or  no  altération  in  pressure  (if  anything  a  sligbt 
increase,  but  certainly  under  1  per  cent.)  and  no  détectable  formation 
of  formaldebyde.  Tbe  Sebilî's  reagent  used  for  the  tests  was  very 
sensitive,  and  gave  a  distinct  reaction  witb  a  solution  containing  one 
part  in  a  million  of  formaldebyde. 

It  was  our  original  intention  to  pursue  tbe  inquiry  further  in  tbis 

*  We  may  take  tins  opportunity  of  stç.ting  that  one  of  us,  in  conjunction  with 
Dr.  Julien  Drugman,  has  detected  the  foimationof  aldéhydes  in  hydrocarbon  fiâmes, 
and  tiiat  for  a  long  time  past  we  hâve  bee'-i  working  on  the  subject. 
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direction,  as  part  of  tlie  investigation  on  hydrocarbon  combustion  on 
wbich  one  of  us  is  engaged.  On  finding,  however,  that  Messrs.  D.  L. 
Cbapman  and  A.  Holt  bad  started  experiments  on  tbe  conditions  of  the 
formation  of  formaldebyde  (if  any)  in  tbe  System  CO2,  CO,  H^  and  H^O 
at  bigb  températures,  we  decided  to  leave  tbe  furtber  working  ont  of 
tbe  matter  in  tbeir  bands. 

(c)  The  cbanges  wbicb  occur  wben  tbe  vapour  of  foi^maldebyde  is 
kept  at  350°  in  borosilicate  glass  bulbs  under  considérable  pressure,  or 
is  slowly  passed,  undiluted,  over  a  bot  surface  of  porous  porcelain, 
cannot  be  represented  by  any  simple  équation.  The  efiect  of  pressure, 
in  absence  of  oxygen,  on  tbe  undiluted  vapour  is  to  promote  a  séries  of 
"condensations"  or  polymérisations,  and  tbe  résultant  molecular 
complexes  subsequently  break  up  again  yielding  simple  gaseous 
products.  In  tbe  experiments  witb  borosilicate  glass  bulbs  tbere  was 
no  séparation  of  carbon,  but  oily  intermediate  products  were  formed. 
Tbe  gases  consisted  mainly  of  carbon  monoxide  and  bydrogen,  but  tbe 
ratio  CO/H2  was  bigb  and  variable.  In  one  experiment  in  wbicb  tbe 
undiluted  vapour  was  passed  over  porous  porcelain  at  475°  the  gaseous 
products  contained  : 

C02  =  19-35;  C0  =  44-90;  11.^  =  24:7  ;  saturated  hydrocarbon  =  1 1 -05 
per  cent.* 

Some  water  was  formed,  and  tbere  was  also  a  little  darkening  of  the 
wbite  surface  of  tbe  porcelain. 

Such  complex  changes  as  are  bere  indicated  do  not,  we  believe, 
come  into  play  to  any  nppreciable  extent  in  combustion  processes, 
wbere  tbe  formaldebyde  bas  only  a  very  brief  existence  ;  it  either  very 
rapidly  falls  a  victim  to  tbe  oxygen,  or  décomposes  simply  into  carbon 
monoxide  and  bj^dro^en. 

B.     E:tperiments  ivith  Acetaldehyde. 

(a)  At  400°. 

At  tbis  température,  mucb  of  tbe  aldéhyde  decomposed  as  soon  as  it 
entered  tbe  bot  tube  ;  tbe  following  pressure  records,  however,  indicate 
tbe  ratber  slow  disappeai'ance  of  last  portions  of  tbe  vapoui". 


Expt. 


*  The  ratio   C/A  obtained  in  the  explosion  of  the   lesidual  gas  after  icnioval 
of  oxides  of  carbon  and  hydrogen  was  1  '53. 


Pressure 

after 

0. 

1. 

2. 

5. 

10. 

60     minutes. 

I. 

756 

860 

868 

— 

— 

—         mm. 

II. 

794 

940 

— 

— 

972 

—            „ 

III. 

755 

892 

— 

990 

— 

1048 
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There  was  no  carbon  deposited  in  any  of  thèse  experiments,  the 
gaseous  products  consisting  of  practieally  equal  volumes  of  méthane 
and  carbon  monoxide,  as  is  shovvn  by  the  following  typical  analysis  : 

CO^  =  0-3;  CO  =  50-2;  CH4  =  49-5  per  cent. 

The  ratio  CjA  obtained  in  the  explosion  analysis  of  the  residual  gas 
after  removal  of  the  oxides  of  carbon  was  exactly  2*00,  proving  the 
absence  of  hydrogen.  The  décomposition  at  this  temperatui-e  may 
therefore  be  expressed  by  the  équation  : 

CHg-CHO   =   CH,   +   CO. 

{h)  At  eoo'^. 

At  this  température,  a  very  rapid  décomposition  took  place,  although 
the  last  ti-aces  of  aldéhyde  again  disappeared  rather  slowly.  The 
following  are  the  pressure  records  of  two  typical  experiments  which 
extended  over  2  and  10  minutes  respectively. 

Pressure  iu  mm.  after 

0.  1.  2,  10     minutes. 

Expt.     I.     773  803  807         — 

„       IL     781  810  —         838 

In  each  expeinment,  some  carbon  was  deposited  in  the  hot  tube,  and 
the  gaseous  product  contained  hydrogen,  as  well  as  méthane  and 
carbon  monoxide,  but  no  acétylène.  Their  percentage  composition 
was  as  follows  : 

Expt.  1.  Expt.  2. 

Carbon  monoxide 487  480 

Méthane    457  430 

Hydrogen 5-6  90 

An  interesting  point  about  thèse  results  is  the  appearance  of  carbon 
and  hydrogen  in  the  products.  Now  méthane  itself,  we  bave  found, 
does  not  décompose  into  carbon  and  hydrogen  below  800°,  and  even 
then  very  slowly.  When,  however,  we  consider  that  the  décomposition 
of  acetaldehyde  into  méthane  and  carbon  monoxide  involves  the  dis- 
solution of  the  bond  between  the  two  cax-bon  atoms  and  the  wandering 
of  a  hydrogen  atom  from  the  sphère  of  attraction  of  the  one  carbon 
into  that  of  the  other,  the  partial  breaking  down  of  the  System 
at  600°  into  carbon,  hydrogen,  and  carbon  monoxide  is  not  difhcult 
to  understand. 
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(c)   At  800^. 

At  this  température,  there  was  a  still  greater  formation  of  carbon 
and  hydrogen  at  the  expense  of  méthane,  and  also  traces  of  acétylène 
could  be  detected  in  the  products.  We  need  only  give  the  percentage 
composition  of  the  gases  obtained  in  two  experiments,  which  extended 
over  2  and  10  minutes  respectively. 

Duratioii  of  heating. 

2.  10    luiiiutes. 

Carbon  dioxide  and  acétylène  ...       0*5  0*75 

Carbon  monoxide  42'3  40"  10 

Méthane 26-3  20-75 

Hydrogen   30-9  38-40 

(d)  In  Borosilicate  Glass  Bulhs  at  350°. 
Experiments  were  also  made  in  which  borosilicate  glass  bulbs  filled 
with  the  aldéhyde  vapour  at  30°  and  under  atmosphei-ic  pressure  were 
maintained  at  350°  for  24  hours.  The  products  of  décomposition, 
which  were  under  considérable  pressure,  consisted  of  practically  equal 
proportions  of  carbon  monoxide  and  méthane  ;  there  was  neither 
séparation  of  carbon  nor  libération  of  hydrogen. 

(e)  At  450 — 500°  in  Contact  loith  Porous  Forcelain. 

The  changes  w^hich  occur  when  the  undiluted  vapour  of  acetaldehyde 
is  slowly  passed  over  a  hot  surface  of  porous  porcelain  are  materially 
différent  from  those  already  considered.  For  thèse  experiments,  the 
apparatus  was  so  arranged  that  the  aldéhyde  vapour  traversed  a  Jena 
glass  combustion  tube  (80  cm.  long)  closely  packed  with  porous 
porcelain  heated  to  450 — 500°.  The  volatile  products  of  décomposition 
passed  onwards  into  a  large  empty  worm,  where  liquids  condensed,  and 
from  thence  through  a  wash  bottle  containing  water.  The  gàseous 
products  were  afterwards  collected  over  mercary,  and,  after  remaining 
in  contact  with  sticks  of  zinc  chloride  for  several  days,  were  finally 
analysed.  The  aldéhyde  very  rapidly  decomposed  ;  pungent,  white 
fumes  issued  from  the  combustion  tube  and  condensed  in  the  dry 
worm,  whilst  much  gas  was  obtained,  and  the  white  porcelain  surface 
was  blackened  with  a  deposit  of  carbon. 

The  condensable  liquid  products  separated  into  an  aqueous  portion 
and  a  brown,  pungent  oil,  which  mainly  consisted  of  unsaturated  aldé- 
hydes (crotonaldehyde,  àc).  The  gases  obtained  in  one  experiment 
consisted  of  ethane  and  carbon  monoxide  in  nearly  equal  px'oportions, 
whilst  those  from  another  experiment  contained 

C02  =  2-5;    CO  =  50-0;  CH4=18-7;    C,H8=13-8,    and    CoH^,    &c.,= 
140  per  cent. 
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Evidently,  therefore,  the  porcelain  hacl  induced  the  aldol  condensa- 
tion, which  would,  of  course,  give  rise  to  crotonaldehyde  and  steam. 
The  production  of  ethane,  carbon  monoxide,  and  carbon  may  be 
referred  to  a  dimolecular  condensation,  thus  : 


CH3.C<g 


H    ^    y-^3 

CH3-C<g  CH3 


co 
c 


HOH. 


Such  complex  changes  can,  however,  hardly  play  any  very  prominent 
part  in  combustion  phenomena  when  the  aldéhyde  is  always  much 
diluted  and  very  rapidly  burnt  by  oxygen,  and  we  hâve  not,  therefore, 
made  any  very  detailed  study  of  them. 

In  conchision,  we  hâve  pleasure  in  thanking  Mr.  G.  W.  Andrew, 
B.Sc,  for  some  valuable  help  during  the  later  expeiiments,  and  also 
the  Government  Grant  Committee  of  the  E-oyal  Society  for  grants 
which  hâve  partly  defraj^ed  the  expenses  connected  with  the  work. 

The  University, 

Manchestee. 


XCV. — The  Synthesis  of  Formaldehyde. 

By  David  Léonard  Chapman  and  Alfred  Holt,  jun, 

The  conditions  determining  the  formation  of  formaldehyde  from  simple 
gases  are  interesting  from  more  than  one  point  of  view.  For  example, 
if  it  could  be  shown  to  be  one  of  the  substances  occurring  in  the 
"  producer  "  or  in  the  "  water-gas  "  System,  its  présence  could  not  be 
overlooked  in  the  considération  of  the  simplest  examples  of  combustion. 
Formaldehyde,  again,  in  its  bearing  on  the  question  of  the  assimilation 
of  carbon  by  plants  is  of  no  less  interest.  In  this  connection,  O.  Loew 
{Ber.,  1888,  21,  270)  bas  shown  that  in  specified  circumstances  sugars 
resuit  from  the  condensation  of  formaldehyde,  and  J.  N.  CoUie  (Trans., 
1901,  79,  1063)  bas  put  forward  several  probable  suggestions  with 
référence  to  the  nature  of  the  changes  involved.*  Brodie  (Proc.  Roy. 
Soc,  1873,  22,  172)  proved  that  formaldehyde  is  produced  when  the 
silent  discharge  is  passed  through  a  mixture  of  carbon  dioxide  and 
hydrogen.     He  had  previously  observed  {Froc.  Roy.  Soc,  1872, 21,  245) 

*  Références   to  work  dealing  with  the  possible  existence  of  formaldehyde  in 
plants  can  be  obtained  from  The  Synthesis  of  Vital  Products,  by  R.  Meldola. 
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that  mai'sh  gas  is  obtained  under  tlie  same  conditions  from  carbon 
monoxide  and  hydrogen.  Losanitsch  and  Jovitschitsch  (Ber.,  1897, 
30,  136),  De  Hemptinne  {Bidl.  Acad.  Roy.  Belg.,  1897,  34,  269),  and 
Solvay  and  Slosse  {Bull.  Acad.  Roy.  Belg.,  1898,  35,  547),  who 
repeated  the  last-mentioned  experiment  of  Brodie,  hâve  found  form- 
aldehyde  in  the  products.  The  évidence  that  formaldehyde  is 
produeed  both  when  a  mixture  of  carbon  dioxide  and  hydrogen  and 
also  when  one  of  carbon  monoxide  and  hydrogen  are  submitted  to  the 
influence  of  the  silent  electric  discharge  is  accordingly  conclusive. 
The  work  i-eferring  to  its  production  without  employing  the  ageucy  of 
the  silent  discharge  is  not  so  comprehensive.  Sixteen  years  ago  it  was 
stated  by  Jahn  {Ber.,  1889,  22,  989),  in  a  short  prêliminary  notice, 
that  carbon  monoxide  united  with  the  hydrogen  absorbed  in  spongy 
palladium  with  the  formation  of  formaldehyde.  The  work  has,  so  far 
as  we  know,  neither  been  confirmed  nor  extended.  Bach  {Compt.  rend., 
1898,  126,  479)  has  shown  that  carbon  dioxide  in  aqueous  solution 
is  reduced  to  formaldehyde  by  the  hydrogen  absorbed  in  palladium, 
but  does  not  mention  whether  a  similar  change  takes  place  when  the 
reacting  substances  are  in  the  gaseous  condition. 

Some  of  our  experiments  with  a  mixture  of  carbon  monoxide  and 
hydrogen  furnished  results  of  an  almost  négative  character.  Of 
thèse — as  the  cause  of  the  small  yield  of  aldéhyde  is  as  yet  a  matter  of 
uncertainty — a  short  account  will  suffice.  The  experiments  in  question 
deal  with  the  interaction  of  carbon  monoxide  and  hydrogen  at  a  low 
température  in  the  présence  of  a  nickel  surface.  We  were  influenced 
in  our  choice  of  nickel  as  a  catalysing  surface  by  reason  of  its 
energetic  action  on  carbon  monoxide,  a  property  which  at  least  points 
to  the  possibility  of  its  being  the  best  means  of  accelerating  the 
reaction  between  the  two  ga-es.  The  nickel  in  the  form  of  closely 
wi-apped  gauze  was  contained  in  a  hard  glass  tube  which,  during  the 
experiment,  was  maintained  at  a  température  of  480 — 500°.  A  slow 
stream  of  the  gases  mixed  in  différent  proportions  was  passed  back- 
wards  and  forwards  through  the  tube  for  periods  of  time  varying  in 
the  différent  experiments  from  3  to  8  hours.  The  products  after 
passing  over  the  heated  nickel  gauze  were  led  first  through  ice-cold 
water  and  then  through  a  dilute  solution  of  baryta  in  order  to  remove 
the  aldéhyde  and  carbon  dioxide.  The  gases  were  sometimes  used  in 
the  dried  and  at  other  times  in  the  moist  condition.  As  was  to  be 
expected,  carbon  was  formed  in  the  présence  of  the  nickel,  and  the 
baryta  water  was  almost  instantly  rendered  turbid  by  the  liberated 
carbon  dioxide.  The  gas  issuing  from  the  heated  portion  of  the  tube 
deposited  moisture  on  cooling,  and  the  water  contained  in  solution 
some  organic  substance  which  was  not  identified.  After  an  experi- 
ment, the  ice-cold  water  was  first  boiled  for  a  short  time  to   expel 
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carbon  monoxide,  and  then  tested  for  aldéhyde.  In  no  case  could 
distinct  évidence  of  an  aldéhyde  be  obtained  with  Schifi's  reagent, 
although  the  présence  of  a  minute  quantity  of  formaldehyde  was 
indicated  by  the  délicate  test  recently  published  by  W.  B.  Ramsden 
(Mem.  Manchester  Fhil.  Soc.,  1905,  33,  49).  In  one  case,  an  experiment 
was  tried  under  similar  conditions  to  those  described  above,  but 
with    porous    porcelain    (containing  linely    divided    platinum    within 

its  interstices)  as  a  cata- 
lyser. No  formaldehyde 
could,  however,  be  dis- 
covered  with  Schiff's  re- 
agent in  the  products  ob- 
tained (Bone  and  Wheeler, 
Trans.,  1903,  83,  1087). 
In  spite  of  the  fact  that 
Jahn,  under  conditions  not 
very  différent  from  those 
employed  by  us,  obtained 
formaldehyde  in  sufficient 
quantity  to  impart  its  char- 
acteristic  smell  to  the  water 
in  which  it  was  collected, 
fréquent  failure  on  our  part 
to  obtain  more  than  the 
slightest  indication  of  this 
substance  induced  us  to 
alter  the  method  of  pro- 
cédure. The  gases  were 
heated  with  a  wire  raised 
to  incandescence  by  an 
electric  current  instead  of 
being  passed  through  a  hot 
tube.  We  hâve  succeeded 
in  showing  that  when 
hydrogen  is  heated  with 
carbon  dioxide,  and  when 
carbon  monoxide  (alone  or 
mixed  with  hydrogen)  is  heated  «with  steam  by  means  of 'platinum 
wire,  formaldehyde  is  produced  in  appréciable  quantity. 

The  gases  were  contained  in  a  large  glass  globe  (Fig.  1)  with  a 
ground  glass  joint.  A,  at  the  neck.  Attached  to  the  glass  joint  were 
two  tubes,  B  and  B',  into  which  the  thick  platinum  wires,  D,  B',  were 
fused.  Above  the  protruding  ends  of  the  platinum  wires,  two  tubes, 
C,  C,  served  as  mercury  cups.     The  fiae  platinum  wire,  E,  was  sus- 
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pended  from  hooks  at  the  end  of  D  and  Z>',  and  could  therefore  be 
easily  replaced  iu  the  event  of  its  fusing.  The  gases  were  admitted  to 
the  globe  by  means  of  the  tube,  F.  The  bottom  of  the  globe  com- 
inunicated  with  a  U-tube,  G,  which  was  kept  cool  during  an  experi- 
ment.     To  the  end  m  of  the  U-tube  a  manometer  was  attached. 

The  hydrogen  was  prepared  by  the  electrolysis  of  dilute  sulphuric 
acid.  The  carbon  monoxide  was  obtained  either  from  sodium  formate 
or  formic  acid  by  the  action  of  sulphuric  acid,  according  to  the  direc- 
tions given  by  Prof.  Dixon  {Pldl.  Trans.,  1893,  184,  167),  and  was 
washed  by  passing  it  through  a  solution  of  caustic  alkali.  The  gases 
were  collected  in  glass  gas-holders  over  water. 

Some  précautions  must  be  observed  in  applying  Schiff's  test.  We 
find  that  the  reagent  is  most  easily  prepared  by  saturating  a  strong 
solution  of  rosaniline  hydrochloride  with  sulphur  dioxide,  and  then 
removing  the  excess  of  sulphur  dioxide  with  the  water-pump.  Bone 
and  Drugman  add  a  few  drops  of  the  reagent  to  the  liquid  to  be  tested, 
and  then,  after  several  hours,  acidify  with  hydrochloric  acid,  whereby 
the  différence  between  the  test  and  the  blank  is  intensified.  We  find 
that  by  substituting  sulphuric  for  hydrochloric  acid  the  tint  assumed 
by  the  aldéhyde  solution  is  bine  instead  of  violet,  so  that  there  is  a  still 
greater  contrast.  If  the  test  is  performed  in  this  way,  the  colour 
obtained  with  acetaldehyde  is  quite  distinct  from  that  given  by  form- 
aldehyde,  the  former  on  standing  becoming  green  and  the  latter  blue. 

An  experiment  was  performed  in  the  following  way.  The  globe 
was  first  exhausted  and  then  the  gases  were  separately  admitted  by 
means  of  a  three-way  tap  attached  to  the  tube  F,  the  amount  of  each 
gas  introduced  being  indicated  by  the  manometer.  The  U-tube,  G,  was 
surrounded  by  cold  water  during  the  experiment.  The  fine  platinum 
wire  was  heated  electrically,  and  maintained  at  a  température  near 
the  melting  point  of  platinum. 

Ëxperiments  with  Carbon  Monoxide  and  Hydrogen. 

I.  Volume  of  CO  =  330.     Volume  of  Hg  =  335. 

The  heating  was  continued  for  18  hours  with  the  wire  almo.st  at  a 
white  heat.  The  contraction,  on  cooling,  was  found  to  be  9/665tlis  of 
the  total  volume.  The  liquid  in  the  U-tube  gave  a  faint  but  distinct 
aldéhyde  reaction  with  Schiff's  reagent. 

II.  Volume  of  CO  =  288.     Volume  of  H^  =  262. 

The  wire  was  heated  to  bright  redness  for  3  hours,  and  to  whiteness 
for  another  hour.  The  final  pressure  was  not  taken  owing  to  the 
breaking  of  the  globe.  The  water  in  the  globe  gave  a  very  faint 
aldéhyde  réaction  with  Schiff's  reagent. 
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The  two  experiments  prove  that  aldéhyde  is  formed  with  diliiculty 
when  equal  volumes  of  carbon  inonoxide  aiid  hydrogen,  saturated  with 
water  vapour  at  the  ordinary  température,  are  heated  together  under 
the  conditions  of  the  experiment. 

Experiments  with  Carbon  Dioxide  mal  Hydrogen. 

I.  Volume  of  CO  =  273.     Volume  of  H^  =  331. 

The  wire  was  heated  almost  to  whiteness  for  a  liltle  over  5  hours. 
The  contraction,  on  cooling,  was  found  to  be  219  volumes,  which  is 
802  per  cent,  of  the  volume  of  carbon  dioxide  taken.  The  liquid  in 
the  apparatus  gave  a  strong  reaction  for  formaldehyde,  and  also  a 
faint  iodoform  reaction. 

IL  Volume  of  CO.  =  266.     Volume  of  Hg^  379-5. 

The  wire  was  maintained  almost  at  a  white  beat  for  15J  hours.  The 
contraction,  after  cooling,  was  found  to  be  250  volumes,  which  is  93 "9 
per  cent,  of  the  volume  of  carbon  dioxide  takcn.  The  liquid  in  the 
apparatus  contained  appréciable  quantities  of  formaldehyde.  Two 
duplicate  experiments  gave  similar  results, 

Expei'iment  loith  Carbon  MonoxÂde,  Hijdrogen,  and  Steam. 

Having  satisfied  ourselves  that  a  mixture  of  moist  carbon  monoxide 
and  hydrogen  yielded  very  little  aldéhyde,  Avhereas  a  mixture  of  carbon 
dioxide  and  hydrogen  gave  an  appn  ciable  qnantity,  some  reason  had 
to  be  found  for  the  différence.  It  was  thought  that  the  main  cause 
of  the  discrepancy  might  lie  in  the  constant  production  of  water  in  the 
latter  case,  which  would  aid  in  the  removal  of  the  freshly  formed 
aldéhyde.  The  experiment  was  therefore  modiâed  in  one  particular. 
Before  introducing  the  carbon  monoxide  and  hydrogen,  a  small  test- 
tube  containing  water  was  suspended  from  D  D'  immediately  above 
the  heated  Avire  E,  which  served  to  beat  the  test-tube  and  slowly 
evaporate  the  water  contained  in  it. 

The  yield  of  formaldehyde  obtained  in  one  experiment  performed  in 
this  way  was  materially  increased. 

Volume  of  CO  =  328.     Volume  of  H,  =  206. 

The  heating  was  continued  for  3  hours,  during  which  time  a  small 
expansion  of  10  mm.  was  observed.  In  spite  of  the  short  duration  of 
the  experiment,  the  condensed  water  contained  a  comparatively  large 
amount  of  formaldehyde.  — 
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Experiments  with  Carbon  Monoxide  atid  Steam. 

As  might  be  expected  from  the  resuit  obtained  with  carbon  mon- 
oxide, hydrogen,  and  steam,  an  appréciable  quantity  of  formai debyde 
was  produced  when  the  gases  did  net  initially  contain  hydrogen.  Two 
experiments  were  performed,  both  yielding  similar  résulta. 

I.  Volume  of  CO-381. 

The  wire  was  heated  for  i\  hours,  and  on  cooling  it  was  found 
that  the  gases  had  expanded  34/36 Iths  of  the  original  volume  of  the 
Carbon  monoxide.  The  liquid  in  the  globe  contained  a  comparatively 
large  quantity  of  formaldehyde. 

II.  Volume  of  CO  =  383. 

The  heating  was  continued  for  18^  hours.  The  expansion  was 
46/383rds  of  the  volume  of  carbon  monoxide  taken.  An  intense 
colour  was  obtained  with  Schiiï's  reagent. 

Conclusion. 

This  work  establishes  the  fact  that,  in  the  System  containing  carbon 
monoxide,  hydrogen,  water,  and  carbon  dioxide,  formaldehyde  is  un- 
doubtedly  produced  at  high  températures. 

The  VioroiiiA  U^"IVEnsIXY  of  Manchesïek, 


XCVl. — Tlie    Diazo-derivcUives   of  the    Monoacetylated 
A  romatic  Para  -  diaii  i  lues. 

By  Gilbert  Thomas  Morgan  and  Franges  Mary  Gore  Micklethwait. 

A  STUDY  of  the  diazonium  salts  derived  from  camphor-/3-sulphonyl- 
^-phenylenediamine  and  benzenesulphonyl-;;-phenylenediamine  showed 
that  thèse  substances  readily  gave  rise  to  a  new  type  of  diazo-com- 
pound,  of  which  benzenesulphonyl-^;-phenylenediazoimide, 

,N-SO,Ph 

is  the  simpler  example. 

The  investigation  has  now  been  carried  a  step  further  with  the 

object    of  ascertaining    whether    the    condensation  occurs    with    the 

sulphonyl   derivatives   of  other  para-diamines,  and  also  whether  any 
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change  of  this  kind  occurs  wlaen  the  sulphonyl  complex  is  replaced  by 
aiiother  acyl  group. 

ïhe  results  indicated  in  the  expérimental  part  of  this  communica- 
tion show  that  the  reaction  represented  by  the  following  équation  : 


1^ 


RSO,-NH-X-N.,-OH  -  H,0. 


^<k 


is  fairly  gênerai  for  aromatic  para-diamines  containing  a  complex  of 
the  type  RSO^'NH,  and  altogether  seven  examples  of  this  séries  hâve 
now  becn  studied. 

On  the  other  hand,  no  indication  could  be  obtained  of  the  production 
of  similar  diazo-anhydrides  with  acyl-7>diamines  containing  formyl, 
acëtyl,  succinyl,  ahd  benzoyl  groups,  so  that  at  présent  the  funda- 
mental  reaction  refiresented  by  the  foregoing  équation  must  be 
regarded  as  being  restricted  to  the  mono-acylated  ^;-diamines  having 
one  ESO2  residue. 

The  changes  observed  in  the  case  of  benzoyl-f^-phenylenediamine  are 
somewhat  singular.  The  sparingly  soluble  hydrochloride  of  this  base 
yields  on  treatment  with  nitrous  acid  a  soluble  diazonium  sait, 
which  does  not  give  rise  to  an  anhydride  with  concentrated  aqueous 
sodium  acétate.  When,  however,  the  concentrated  diazo-solution  is 
poured  into  cold  aqueous  potassium  hydrogen  carbonate,  a  very  pale 
yellow,  crystalline  precipitate  is  produced,  which  consists  of  a  sparingly 
soluble  diazonium  carbonate  having  the  formula 

C,H5-CO-NH-C,H4-N2-HC03. 
This  svibstance  is  quite  stable  in  the  dry  state,  and  does  not  exjîlode 
either  on  heating  or  by  percussion.  It  evolves  carbon  dioxide  on  treat- 
ment with  cold  hydrochloric  acid,  and  the  solution  yields  the  azo- 
compound,  CgH^'CO'NH'CgH^'Ng'CjQHg-OH,  when  poured  into  an 
alkaline  solution  of  ^-naphthol.  When  boiled  with  water  or  aqueous 
solutions  of  minerai  acids,  the  diazo-complex  is  destroyed,  and  benzoyl- 
;j  aminophenol,  C^H^-CO-NH-C^H^-OH  (m.  p.  205—207°),  is  obtained. 

In  a  similar  manner,  when  the  acetic  acid  solution  of  the  diazotised 
b8nzoyl-;>phenylenediamiue  is  jjoured  into  cold  aqueous  sodium  nitrite, 
a  spai-ingly  soluble  crystalline,  yellow  diazonium  nitrite, 

C.H.-CO-NH-CoH.-Nj-NOg, 
is  deposited, 

This  compound  resembles  the  diazonium  carbonate  in  readily  yielding 
azo-derivatives  with  the  phénols  and  aromatic  diamines,  the  facility 
with  which  this  condensation  occurs  indicating  that  the  sait  is  a 
true  diazonium  compound,  in  spite  of  its  distinctly  yellow  hue.     The 
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appearance  of  colour  in  this  case  is  probably  to  he  attributed  to  the 
présence  of  a  nitrite  ion  rather  than  to  any  rearrangement  in  the  con- 
figuration of  the  diazo-complex. 

On  subjecting  the  monoformyl  and  monoacetyl  derivatives  of 
p-phenylenediamine  to  a  similar  séries  of  opérations,  thèse  substances 
did  not  furuish  insoluble  carbonates,  no  precipitate  being  formed  on 
pouring  the  diazo-solutions  into  aqueous  sodium  or  potassium,  hydrogeu 
carbonate.  The  diazo-solution  of  the  acetyl  derivative  (/j-aminoacet- 
anilide),  when  treated  with  aqueous  ammonia,  gave  rise  to  a  bulky 
brown  precipitate,  which,  when  washed  with  water  and  dried  on  porous 
tile,  had  the  properties  of,  and  gave  analytical  numbers  corresponding 
with,  the  nitrosoamine,  CHj-CO-NH-CgHj-NH-NO.  When  dissolved 
in  aqueous  alkali  and  treated  with  yS-naphthol,  no  azo-derivative  was 
produced,  the  formation  of  the  compound, 

CHg-CO-NH-C^H^-Ng-CioH^-OH, 
taking   place   only  when  the  nitrosoamine  is  first  dissolved  in  cold 
eonceutrated  hydrochloric  acid,  and  the  diluted  solution  then  added  to 
an  alkaline  solution  of  the  naphthol. 

An  attempt  made  to  obtain  a  diazo-anhydride  by  treating  an  aqueous 
solution  of  ^>aminoacetanilide  hydrochloride  with  the  calculated 
quantity  of  sodium  nitrite  and  then  adding  aqueous  sodium  acétate 
led  to  the  production  of  the  diazoamino-compound, 

CHg-CO-NH-C^H^-Ng-NH'C.H.-NH-CO-CH,. 
This  substance  could  be  crystallised  from  alcohol,  whereas  the  fore- 
going  nitrosoamine  was  decomposed  on  boiling  with  this  solvent. 

The  results  obtained  with  formyl-;j-phenylenediamine  were  quite 
similar,  Its  diazotised  solution  yielded  no  insoluble  compound  either 
with  sodium  acétate  or  potassium  hydrogen  carbonate,  but  gave  a 
brown  precipitate  of  the  nitrosoamine  on  treatment  with  ammonia. 
The  hydrochloiide  of  the  formyl  base,  when  diazotised  and  combined 
with  a  molecular  proportion  of  the  free  base,  gave  rise  to  a  diazoamine, 
which,  however,  Avas  not  obtained  in  a  state  of  purity. 

;;-Aminosuccinanilic  acid,  NH^-C^H^-NH-CO-CaHj-UO.^jH,  which 
was  obtained  by  reducing  ^-nitrosuccinanil  and  partially  hydrolysing 
the  resulting  p  aminosuccinanil,  when  diazotised  in  hydrochloric  acid, 
yields  a  diazonium  chîoride,  COgïï-CoH^-CO-XII-Cgiri-N^-CljH.O. 
This  sait  crystallises  from  a  fairly  concentratod  solution  and  is 
quite  stable  in  the  dry  state;  its  aqueous  solutions  do  not  yield 
insoluble  diazo-derivatives  with  aqueous  sodium  acétate,  potassium 
hydrogen  carbonate,  and  ammonia. 

An  attempt  to  prépare  the  diazoamine  of  benzenesulphonyl-^;^ 
phenylenediamine  showed  that  the  tendency  to  form  the  cyclic  diazo- 
imide  inhibits  the  production  of  this  derivative.     A  glacial  acetic  acid 
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solution  of  the  diazonium  chloride  and  the  original  base,  when 
treated  with  aqueous  sodium  acétate,  yielded  merely  a  mixture  of  the 
diazoimide  and  uncombined  benzenesulphonyl-^j-phenylenediamine. 


Expérimental. 

I.    Arylsulj^homjldiazoimides   of  the   Aromatic   -^-Diamiues. 

(  1  )  Na2}hthalene-a-sulphonyl--ç-2yhenyle')iediazoimide, 


Xaj)hlhcdene-a-sulphoni/l-T^-nit?-oa7iilide,  NOo'CgH^-Nïï-SOo'CjoH^, 
was  obtained  by  lieating  together  for  3  hours  20  granis  of  ^;  nitroaniline, 
17  grams  of  naphthalene-a-sulplionic  chloride,  and  100  ce.  of  dry 
toluène,  the  solvent  being  then  evaporated  and  the  residue  boiled  with 
excess  of  sodium  carbonate.  The  filtered  solution  Avas  cooled,  the 
precipitated  nitroaniline  removed,  and  the  final  filtrate  acidified  with 
hydrochloric  acid.  The  precipitate,  when  thrice  crystallised  from 
alcohol,  separated  in  lemon-yellow  needles  melting  at  205 — 206^^. 

0--i695  gave  36-7  ce.  nitrogen  at  19°  and  747  mm.     N  =  8-84. 
Ci^Hj2^4^2^  requires  N^SÔG  per  cent. 

Naphthalene-a-sul2ihonijl-^-2}ltenylenediamiiie, 

was  prepared  by  reducing  the  preceding  compound  (12  grams)  with 
10  grams  of  iron,  300  ce.  of  water,  and  4  ce.  of  glacial  acetic  acid, 
the  yield  being  10 '5  grams  ;  it  does  not  crystallise  readily,  being  some- 
what  too  soluble  in  the  ordinary  organic  solvents  ;  after  two  crystal- 
lisations  from  benzène,  it  separated  in  clusters  of  brown  needles  and 
melted  at  175°. 

0-2454  gave  21 -1  ce.  nitrogen  at  19°  and  747  mm.     N-9-72. 
C^jjHj^OgN.^S  requires  N  — 9*39  per  cent. 

The  hydrochloride  of  the  base  is  only  sparingly  soluble,  but  when 
suspended  in  water,  cooled  and  treated  with  the  requisite  amount  of 
sodium  nitrite  the  sait  dissolves  and  the  solution,  when  filtered  into 
an  excess  of  aqueous  sodium  acétate,  yields  an  insoluble  cyclic  diazo- 
imide which,  when  washed  successively  with  water,  alcohol,  and  light 
petroleum,  décomposes  indéfini tely  *  at  164 — 167°,  sintering  and  darken- 
ing  at  about  120°. 

*  The  décomposition  points  of  thèse  diazoiniides  vary  cousiderably  with  the  rate 
of  heating. 
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0-1694  gave  205  ce.  nitrogen  at  19°  and  746  mm.     N  =  13-65. 
0-1542     „     0-12.35  BaSO^.     S=  10-99. 

C10ÏÏ1AN3S  requires  N=  13-59  ;  S  =  10-35  per  cent. 

This  cyclic  compouncl  dissolves  in  concentrated  hydrochloric  acid 
and  the  solution,  when  diluted  and  mixed  with  alkaline  /3-naphthol, 
gives  an  azo-compound  which,  as  is  usual  in  this  sei-ies,  séparâtes  in 
the  form  of  its  sparingly  soluble  alkali  sait. 

(2)   N'apJithalene-(3-sidphomjl--p-j)/ieni/Ie7iediazoimide. 

Naphthalene-fi-suljjhonyl-T^-nitroanilide,  prepared  in  the  same  mauner 
as  its  a-isomeride,  crystallises  from  benzène  in  yellow  needles  melting 
at  168—169°. 

0-5706  gave  41-4  ce.  nitrogen  at  21°  and  761  mm.     N  =  8-28. 
Ci,3H^204N2S  requires  N  =  8-56  per  cent. 

Na23hth(dene-^-sul2)honyl--ç-])henylenediainine,  obtained  l^y  reducing 
the  preceding  nitro-compound  in  the  manner  just  indicated,  crystal- 
lises from  ethyl  acétate  or  acétone  in  reddish  needles  melting  at 
231 — 232°.  The  réduction  should  be  carried  out  in  about  \h  honrs, 
more  prolonged  heating  leading  to  the  foi-mation  of  tarry  products. 

0-2430  gave  20-0  ce.  nitrogen  at  18-5°  and  768  mm.     N  =  9-55. 
Cj^H^^OgNgS  requires  ]Sr  =  9-39  per  cent. 

The  cyclic  diazoimide  was  obtained  by  diazotising  the  preceding  base 
in  the  usual  way  and  treating  the  filtered  solution  with  sodium  acétate, 
when  the  product  separated  as  a  yellow,  microcrystalline  precipitate 
which,  when  washed  successively  with  water,  alcohol,  and  light  petrol- 
eum  and  dried  in  the  desiccator,  decomposed  violently  at  about  130°. 

0-1170  gave  14-2  ce.  nitrogen  at  18-5°  and  745  mm.     N  =  13'72. 
0-2137     „     0-1618  BaSO^.     S  =  10-40. 

C^jjHj^OgNgS  requires  N  =  13-59  ;  S  =  10-35  per  cent. 

The  diazoimide  dissolves  in  concentrated  minerai  acids  to  form  a 
diazonium  sait  which  combines  with  alkaline  /3-naphthol  ;  the  azo- 
derivative,  after  two  crystallisations  from  glacial  acetic  acid,  melted 
at  220°. 

(3)  Benzenesulphonyl-^  :  5-tolyIenediazoimide, 
N-SO.,Ph 
CH.  '  ^ 


Benzenesidphonyl-^-nitro-o-toluidine,       N"02*C^H„(CH3)-NH-80.,Ph, 
was  first  prepared  by  condensation  in  toluène,  but  the  yield  was  so 
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poor  (2  grams  of  product  from  20  grams  of  the  nitro-base)  that  this 
process  was  abandoned  in  favour  of  the  following  method. 

The  calculated  amount  (1  mol.)  of  benzenesulphonic  chloride  was 
added  to  10  grams  of  the  nitro-base  dissolved  in  30  ce.  of  warm 
pyridine,  and  the  mixture  gently  heated  for  1 1  hours,  and  then  cooled 
and  extracted  with  cold  hj-^drochloric  acid.  The  insoluble  portion  was 
thoroughly  washed  with  water  and  dissolved  in  aqueous  caustic  soda  ; 
the  ben^enegulphonyj  compound  was  precipitated  from  the  cooled 
flltered  solution  with  hydrochloric  acid,  the  yield  being  17  grams,  The 
reaction  in  concentrated  pyridine  solution  is  at  first  quite  vigorous  and 
is  accompanied  by  a  considérable  rise  of  température  ;  after  two  crys- 
tallisations  of  the  product  from  dilute  alcohol,  amber-yellow,  prismatic 
crystals  were  obtained  melting  at  157 — 159°. 

0-5088  gave  43-0  ce.  nitrogen  at  18°  and  770  mm.     N  =  9-89. 
Cj3H^2^4NoS  requii^s  N  =  9-59  per  cent. 

Benzenesuljjhonyl-^  :  ô-iohjlenediatnine,  NH2'CgH3(CH3)'NH*SO.,Ph, 
obtained  by  reducing  the  preceding  nitro-base  in  the  usual  way,  crys- 
tallised  from  hot  water  in  colourless,  hair-like  needles  melting  at  147°- 

0-2347  gave  22-0  ce  nitrogen  at  20°  and  769  mm.     N  =  10-85. 
CJ3HJ4O2N2S  requires  N=  10-68  per  cent. 

The  cyclic  diazoimide  was  prepared  by  mixing  the  base  with  cold 
concentrated  hydrochloric  acid,  when  it  yielded  at  first  a  plastic  mass' 
which  rapidly  clitnged  to  the  crystalline  hydrochloride.  Crushed  ice 
was  now  added,  the  mixture  diazotised  with  a  slight  excess  of  aqueous 
sodium  nitrite,  and  the  filtered  solution  treated  with  sodium  acétate, 
when  a  precipitate  was  at  once  produced  consisting  of  small,  light 
yellow  needles  which  décompose  explosively  at  163°. 

0-1412  gave  18-8  ce  nitrogen  at  17°  and  760  mm.     N  =  15-22. 

0-2450     „     0-2186  Ba-SO^.     S  =  12-27. 

C13HJ1O2N3S  requires  N  =  15-38  ;  8  =  11-71. 

The  azo-ft-naphthol  derivative,  when  isolated  by  acid  from  its  sodium 
sait,  produced  by  dissolving  the  cyclic  diazoimide  in  cold  concentrated 
hydrochloric  acid  and  adding  the  diluted  solution  to  alkaline/3-naphthol, 
erystallises  in  prismatic  crystals  and  melts  at  184 — 185°. 

(4)  Benzenesulphonyl-'^-xylylene-'2  :  5-diazoimiJe, 

.\ N-SOgPh 

CH3/   \  I 

\/ n:n 

Benzenesulphonyl-^-nitro--ç-xylidine,  NOo*Cgïïo(C'H3)2*NH'S02Ph, 
was    produced    by  condensing  10  grams  of  5-nitx"0-j(j-xylidine  (m.   p. 


\ 
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142°)  with  benzenesulpbonic  chloiide  in  about  50  ce.  of  pyridine, 
removing  tbe  solvent  with  hydrochloric  acid,  extracting  the  residue 
with  aqueous  sodium  hydroxide,  and  precipitating  the  filtered  solution 
with  minerai  acid  ;  it  was  crystallised  twice  from  dilute  alcohol,  when 
it  separated  in  yellow,  prismatic  crystals  melting  somewhat  indefinitely 
at  160—163°. 

0-2151  gave  17-2  ce.  nitrogon  at  18°  and  760  mm.     ^  =  9-23. 
Cj^Hj^O^NgS  requires  N  =  9'15  per  cent, 

The  sodium  deiivative  of  this  compound  is  sparingly  soluble  in 
aqueous  sodium  hydroxide,  and  separated  in  the  course  of  tlie  fore- 
going  préparation  in  long,  yellow  needles,  which  dissolved  again  o^ 
warming  the  solution. 

Benzenesulphonyl-'^-xylylene-2  :  Ô-diamine, 

NO,-C^H,(CH3),-NH-SOoPh, 
was   prepared  by  redncing  the  corresponding  nitro-compound  by  the 
method  already  adopted  for  its  lower  homologues  ;  it  crystallises  from 
water  in  straw-coloured  needles  melting  at  144 — 146°. 

0-1724  gave  153  ce.  nitrogen  at  20°  and  767  mm.     N=  10-23. 
Cj^Hj^C^lSr^S  requires  N  =  lO'H  per  cent. 

The  diazoimide  was  pioduced  by  diazotising  the  acylated  diamine  in 
a  dilute  solution  containing  excess  of  hydrochloric  acid,  filtering  from 
a  very  slight  residue,  adding  aqueous  sodium  acétate  cautiously  until  a 
faint  yellow  precipitate  beeame  permanent,  filtering  again,  and  finally 
precipitating  with  excess  of  the  alkali  acétate.  The  bright  yellow 
diazoimide  was  somewhat  viscous  at  first,  but  hardened  on  triturating 
with  eold  water;  it  decomposed  explosively  at  125 — 130°. 

0-1876  gave  23-9  ce.  nitrogen  at  19-5°  and  771  mm.     N  =  14-83. 
0-2434     „     0-1980  BaSO^.     S  =  1M7. 

C14H13O0N3S  requires  N=  14-63  ;  S  =  11-14  per  cent. 

The  azo-fi-naphthol  derivative,  prepared  by  dissolving  the  diazoimide 
in  concentrated  hydrochloric  acid  and  filtering  into  analkaline  solution 
of  /3-naphthol,  séparâtes  in  the  form  of  the  sparingly  soluble  alkali 
sait,  which  is  decomposed  by  glacial  acetic  acid,  yiekling  the  free  azo- 
compound,  which  séparâtes  in  pri.'-matic  needles,  and  after  two  crystal- 
lisations  melted  at  215°. 
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(5)  Benzenesuljihonyl-l  :  A-naphfhylenediazoîmide, 
..      .-. N'SO.Ph 


III 

Tlie  4-nitro-a-naplithylamine  required  in  this  préparation  wai3  pro- 
cluced  by  tbe  nitration  of  aceto-a-naphthalide  in  glacial  acetic  acid 
and  the  partial  hydrolysis  of  the  mixed  4-  and  2-niti"oaceto-a-naphtbal- 
ides  according  to  Lellmann  and  Remy's  directions  (Ber.,  1886,  19, 
797).  The  product  of  the  latter  opération,  which  consists  of  the 
required  base  and  the  unaltered  2-nitroaceto-a-napbthalide,  was, 
however,  resolved  into  its  components  simply  by  dissolving  the  mixtm^e 
in  jiist  sufficient  bot  ethyl  acétate  and  cooling  the  solution  rapidly. 
In  thèse  circumstances,  practically  the  whole  of  the  acetyl  derivative 
crystallises  out,  wbereas  the  4-nitro-a-naphtbylamine  remains  in  solu- 
tion until  the  greater  portion  of  the  solvent  bas  been  distilled  off, 
when  it  séparâtes  from  the  concentrated  solution  as  an  orange,  crystal- 
line  precipitate  melting  at  187°.  A  diazotisation  experiment  showed 
that  the  base  was  almost  entirely  free  from  2-nitroaceto-a-naphthalide, 
and  after  one  crystallisation  from  alcohol  it  melted  at  191 — 192° 
(Lellmann  and  Remy  give  191°).  The  2-nitroaceto-a-naphthalide, 
which  separated  from  the  dilute  etbyl  acétate  solution,  was  also 
exti'emely  pure  ;  it  melted  at  199 — 200°  (corr.,  m.  p.  199°)  and  was 
shown  by  successive  treatment  with  nitrous  acid  and  alkaline  /3-naph- 
thol  to  be  practically  free  from  any  4-nitro-a-naphthylamine.  In  our 
hands,  this  mode  of  séparation  gave  much  more  satisfactory  results 
than  the  process  of  séparation  with  dilute  alcoholic  sulphuric  acid 
employed  by  Lellmann  and  Remy  (loc.  cit.). 

Benzenesulphonyl  -  4  -  nitro  -  a  -  najihthylamine,  NO^'CjQH^.-NH'SOgPh, 
coiild  not  be  prepared  by  heating  its  generators  in  toluène,  but  it  was 
found  that  a  fairly  good  yield  was  obtained  by  condensation  in  quinoline 
or  pyridine,  the  more  volatile  médium  being  préférable.  Ten  grams  of 
benzenesulphonic  chloride  (1  mol.)  were  slowly  added  to  a  solution  of 
10  grams  of  4-nitro-a-naphthylamine  in  40  ce.  of  pyridine  ;  a  vigorous 
action  ensued  which  was  completed  by  boiling  the  mixture  for  one  and 
a  half  hours,  The  product  was  extracted  successively  with  dilute 
hydrochloric  acid  and  aqueous  sodium  hydroxide  and  the  fîltered 
solution  from  the  latter  extraction  acidified,  when  17  grams  of  the 
benzenesulphonyl  derivative  separated  ;  it  was  crystallised  twice  from 
water,  when  spherular  aggregates  of  bright  yellow,  fern-like  crystals 
were  obtained,  melting  at  158°. 

0-2079  gave  15-3  ce.  nitrogen  at  19°  and  762  mm.     N  =  8-48, 
C^pHjgO^NgS  requires  N  =  8-53  per  cent, 
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Benzenesulphonyl  - 1  :  ^:  -  naphthylenediamine,  ]SrHo'CjQHg*ÎSIH'SO^,Ph, 
was  prepared  by  reducing  tbe  foregoing  nitro-compound,  but  the 
réduction  proceeded  le?s  smootbly  by  the  iron  and  acetic  acid  method 
than  was  the  case  with  the  cori-esponding  benzène  derivatives.  In 
many  experiment»,  indefinite  tarry  products  were  the  only  resuit,  but 
ultimately  the  following  mode  of  pi^ocedure  led  to  a  more  satisfactory 
conchision. 

Four  grams  of  the  nitro-compound  were  dissolved  in  about  200  ce. 
of  hot  alcohol,  8  grams  of  tin  were  introduced,  and  25  ce.  of  coneentrated 
hydrocliloric  acid  gradually  added  with  shaking,  the  mixture  being 
boiled  until  test  portions  on  treatment  with  water  no  longer  exhibited 
anyyellow  coloration.  The  liquid  was  then  transfei-red  to  a  basin,  the 
residual  alcohol  evaporated  off,  and  about  5  ce.  of  coneentrated 
hydrochloric  acid  added.  The  colourless  precipitate  thus  obtained  was 
collected  at  the  pump,  washed  free  from  tin  salts  with  coneentrated 
hydrochloric  acid  and  finally  water,  dissolved  in  dilute  aqueous  caustic 
soda  and  the  acylated  base  precipitated  from  the  filtered  solution  with 
dilute  acetic  acid. 

0-2237  gave  18-2  ce  nitrogen  at  20°  and  767  mm.     N  =  9-40. 
CjijH^^OgNoS  requires  N  =  9-39  per  cent. 

The  base  crystallises  from  benzène  in  clusters  of  colourless  needles 
and  melts  at  186—187°. 

The  cyclic  diazoimide  was  prepared  by  suspending  the  diamine  in 
excess  (20  mois.)  of  coneentrated  hydrochloric  acid,  adding  crushed  ice, 
and  diazotising  with  a  slight  excess  of  sodium  nitrite.  The  sparingly 
soluble  diazonium  sait  was  collected,  dissolved  in  a  mixture  of  glacial 
acetic  and  coneentrated  hydrochloric  acids  and  the  solution  filtered 
into  aqueous  potassium  acétate.  The  yellow  diazoimide,  which 
separated  immediately  as  an  amorphous,  yellow  powder,  was  collected 
and  washed  successively  with  water,  alcohol,  and  light  petroleum. 

0-1849  gave  21-1  ce.  nitrogen  at  20°  and  769  mm.     N  =  13-22. 
0-2351     „     0-1705  BaSO^.     8  =  994. 

CjgHijOoNgS  requires  N  =  13-59  ;  S  =  10-35  per  cent. 

AU  the  diazoimides  hitherto  studied  are  extremely  sensitive  to 
light,  and  the  foregoing  naphthalene  derivative  seems  in  this  respect 
to  be  even  more  readily  affected  than  its  benzenoid  homologues. 

It  dissolves  in  a  mixture  of  glacial  acetic  and  coneentrated  hydro- 
chloric acids,  and  the  diluted  solution,  when  added  to  alkaline 
/3-naphthol,  yields  an  azo-derivative  which  crystallises  from  glacial 
acejiic  acid  and  melts  at  261°. 
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II. — Action  of  Nitrous  Acid  on  other  Monoacylated  (Formyl, 
Acetijl,  Sticciiiyl,  and  Benzoyl)  Derivatives  of  ^-Phenylene- 
d  lamine. 

(  1  )  A  cef.yl-'p-2)henylenediamine. 

The  acetyl-;j-phenylenecliamine  (;>aminoacetanilide)  requir-ed  in  the 
following  experiments  was  prepared  from  a  spécimen  of  ^j-nitro- 
acetanilide  kindly  supplied  by  the  finn  of  Messrs.  Levinstein.  A 
solution  of  this  acylated  diamine  in  dilute  hydrochloi'ic  acid 
(3 — 5  mois.),  when  diazotised  and  added  to  concentrated  aqueous 
sodium  acétate,  gave  no  precipitate  corresponding  with  the  diazo- 
imides  obtained  from  the  arylsulphonyldiamines,  neither  was  any 
insoluble  producb  isolated  by  pouring  the  solution  into  concentrated 
aqueous  potassium  carbonate  (compare  the  benzoyl  derivative,  p.  933). 
The  addition  of  ammonia,  however,  gives  rise  to  a  voluminous  brown 
precipitate  which  has  the  proper  ties  of  a  nitrosoamine, 

CoHsO-NH-CVH^-NH-NO. 
When  collected,  washed,  and  dried  on  porous  tile  it  was  found  to 
dissolve  in  dilute  acid  or  aqueous  caustic  alkali  ;  the  former  solution 
at  once  gave  the  azo-condensation  with  alkaline  /3-naphthol,  the  latter 
only  slowly.  The  compound  could  not  be  obtained  in  a  crystalline 
form  from  the  ordinary  organic  sol  vents.  An  estimation  of  nitrogen 
in  the  dried  amorphous  préparation  agreed  more  closely  with  the 
percentage  of  a  nitrosoamine  than  with  that  of  a  cyclic  diazoimide  or 
a  diazoamino-compound, 

0-1740  gave  35-2  ce.  nitrogen  at  17°  and  742  mm.     N  =  22-94. 
CgHyO^Ng  requires  N  =  23*47  per  cent. 

This  substance  decomposed  somewhat  indéfini tely  at  about  85°. 

A  spécimen  of  acetyl-/)-phenylenediamine  hydrochloride,  obtained 
by  passing  hydrogen  chloride  into  an  acétone  solution  of  the  diamine, 
was  dissolved  in  ice-cold  water  and  treated  successively  with  exactly 
one  molecular  proportion  of  sodium  nitrite  and  excess  of  sodium  acétate  ; 
a  yellow  precipitate  was  thus  obtained,  which  decomposed  suddenly  at 
195°  and  could  be  crystallised  from  alcohol,  when  it  separated  in  small, 
brownish-yellow  crystals  decomposing  somewhat  indefinitely  through  a 
range  of  température  from  190''  to  200°.  The  substance  retains  water 
very  tenaciously,  its  weight  becoming  constant  only  after  prolonged 
heating  in  the  steam  oven. 

0-1214  gave  24-3  ce.  nitrogen  at  19°  and  751  mm.  ]Sr  =  22-74. 
CjQÏI^^OgN^  requires  ]Sr  =  22-50  per  cent. 

This  resuit  agrées  with  the  formula  for  a  diazoamine. 
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wbich  apparently  indicates  tbat  only  lialf  tho  nitrite  was  required  in 
tlie  foregoing  préparation.  The  compound  was  accordingly  prepared  by 
diazotising  completely  one  molecular  proportion  of  tbe  hydrocbloride 
suspended  in  moderately  concentrated  hydrocbloric  acid,  and  adding  to 
tbe  filtered  solution  excess  of  sodium  acétate  followed  by  one  molecular 
proportion  of  tbe  bydrocbloride.  Tbe  diazoamine  separated  immedi- 
ately  and  tbis  préparation  decomposed  at  about  190"  and  resembled 
tbat  obtained  in  tbe  foregoing  experiment.  Tbe  substance  is  very 
sensitive  to  ligbt,  darkening  rapidly  on  exposure. 


(2)  Formyl-^-jihenylenediamine  {T^-Âmi7ioformanilide). 

Tbis  base  was  obtained  by  reducing  witb  iron  and  dilute  acetic 
acid  formyl-^>nitroaniline,  a  substance  formerly  prepared  by  Osborn 
and  Mixter  {Amer.  Chem.  J.,  1886,  8,  346)  by  nitrating  formanilide  and 
described  as  melting  at  187 — 194°;  our  spécimen  melted  at  194 — 195° 
and  gave  tbe  following  numbers  on  analysis  : 

0-2448  gave  0-4514  CO2  and  00881  H^O.     C  =  50  29  ;  H  =  3-99. 
0-2822     „     41-8  ce.  nitrogen  at  19°  and  756  mm.     N=  16-94. 
aHgOgNg  requires  0  =  5060;  H  =  3-61  ;  N=  16-86  per  cent. 

Tbe  acylated  diamine  crystallises  from  bot  water  in  pale  brown 
needles  and  melts  at  125 — 127°.  Tbe  crystallisation  must  be  carried 
out  rapidly,  as  tbe  base  quickly  darkens  if  left  in  contact  Avitb  tbe 
solvant.  Tbe  bydrocbloride,  wbicb  is  readily  soluble  in  water,  was 
prepared  by  saturating  an  acétone  solution  of  tbe  base  witb  bydrogen 
cbloride. 

0-2074  gave  37-5  ce.  nitrogen  at  20°  and  748  mm.     N  =  20-36, 
C^HgONg  requires  N  =  20-58  per  cent. 

When  diazotised,  it  yields  a  solution  from  wbicb  neitber  sodium 
acétate  nor  alkali  carbonates  precipitate  any  insoluble  diazo-derivative  ; 
ammonia,  bowever,  gives  rise  to  a  dark  brown  compound  resembling 
tbe  nitrosoamine  obtained  from  tbe  aeetyl  derivative  (see  p.  930). 
An  ill-defined  diazoamine,  C0H-NH-CcH^-No-NH-CV,H4-NH-C0H,  was 
obtained  in  tbe  manner  indicated  for  tbe  aeetyl  diamine  on  p.  930  ; 
it  was  not,  bowever,  obtained  crystalline,  but  wben  analysed  in  tbe 
crude  state  gave  numbers  approximating  to  tbe  foregoing  formula 
(N  =  23-3,  tbe  calculated  amount  being  24*73  per  cent.).  The 
compound,  wben  heated  witb  cold  minerai  acid,  undergoes  tbe  ordinary 
diazoamino-fission  into  its  generators, 
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(3)  -ç-Aminosuccinanilic  Acid  [Succinyl--ç-phenylenediamine). 

Succinanil  (Menschutkin,  Ânnalen,  1872,  162,  182)  was  nitrated 
and  the  j^^-nitro-derivative  (m.  p.  205 — 208°)  then  separated  from 
the  ortho-isomeride,  simultaneously  produced  by  extracting  ont  the 
latter  with  alcohol. 

;>Aminosuccinanilic  acid  is  conveniently  obtained  by  suspendlng 
4-4  grams  of  |j-nitrosuccinanil  in  100  ce.  of  watei'  and  adding  1 
gram  of  glacial  acetic  acid  and  4  grams  of  iron  filings,  the  métal  being 
introduced  gradually  and  the  solution  then  boiled  for  15  minutes. 
The  mixture  was  rendered  alkaline  with  2  grams  of  anhydrous  sodium 
carbonate,  boiled  for  8  minutes,  and  then  filtered  at  the  pump.  The 
filtrate,  when  rendered  neutral  by  the  successive  addition  of  acetic  acid 
and  powdered  calcite,  yielded  the^^-amino-acid,  which  was  thus  obtained 
in  colourless  needles  melting  at  18.3°,  this  melting  point  being  identical 
with  the  température  recorded  by  R.  Meyer  [Annalen,  1903,  327,  39), 
who  prepai-ed  the  compound  from  ;)-phenylenediamine  and  succinic 
anhydride.  ^-Aminosuccinanil  (m.  p.  236°)  is  obtained  by  reducing 
the  nitro-compound  in  the  foregoing  manner,  excepting  that  the  mix- 
ture is  filtered  immediately  after  the  addition  of  the  sodium  carbonate, 
which  in  this  case  is  added  only  in  sufficient  quantity  to  neutralise 
the  acetic  acid. 

>S2iccinyl-'p-aminohenze7iediazonhim  cMoride, 

CO^H-aH.-CO-NH-CVH.-N^-Cl.H.O, 
was  obtained  on  diazotising  the  amino-acid  in  a  cold  fairly  concentrated 
solution  in  dilute  hydrochloric  acid  ;  it  is  a  perfectly  stable  compound, 
which  burns  quietly  and  does  not  explode  on  percussion. 

0-1610  gave  21-0  ce.  nitrogen  at  15°  and  759  mm.     N  -  15-27. 
0-3120     „     0-1529  AgCl.     01  =  12-12. 

CioHioOgNoCljHaO  requires  N  =  15-32  ;  Cl  =  12-98  per  cent. 

The  diazonium  sait  is  readily  soluble  in  water  and  its  solution  does 
not  yield  insoluble  products  with  sodium  acétate,  alkali  carbonates, 
and  ammonia  ;  when  poured  into  moderately  concentrated  alkaline 
/8  naphthol,  the  alkali  sait  of  the  azo-yS-naphthol  is  precipitated.  This 
product,  which  readily  dissolves  in  water,  is  decomposed  by  glacial 
acetic  acid,  yielding  the  free  azo-/?-naphthol  derivative, 
CO.^H-C,H4-CO-NH-C6H4-N2-C,oH6'OH, 
a  substance  which  séparâtes  from  glacial  acetic  acid  as  a  crystalline 
powder  and  melts  at  230—231°. 

0-2300  gave  22-8  ce.  nitrogen  at  18°  and  768  mm.     ]Sr=  11-58. 
CpoHjgO^Ng  requires  N  =  11-54  per  cent. 


î 
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(4)  Benzoyl-Tp-jjheni/lenedianiine  (ip-Âininobenzanilide). 

This  compound,  formerly  obtained  by  Hlibner  {Annalen,  1881,  208, 
295)  by  reducing  jj-nitrobenzanilide  with  tin  and  hydiocbloj ic  acid,  is 
readily  prepared  in  quantitative  yield  fiom  tbe  nitro-compound  by  the 
iron  and  dilute  ace  tic  acid  method  of  réduction.  Wiien  tbe  sparingly 
soluble  hydrochloride  is  diazotised  with  sodium  nitrite  and  hydro- 
chloric  acid,  a  soluble  diazonium  chloride  is  formed,  the  sohition  of 
which  does  not  yield  a  precipitate  with  saturated  aqueous  sodium 
acétate.  When,  however,  the  solution  is  poured  into  cold  aqueous 
sodium  or  potassium  carbonate,  a  pale  yellow,  micro-crystalline  pre- 
cipitate is  produced,  which  is  only  very  sparingly  soluble  in  cold 
water. 

Benzoyl-^y-amhiohenzenediazonium  carbonate, 

C,ÏÏ,-C0-NH-C,H,-N,-HC03, 
is  a  remarkably  stable  example  of  a  diazo-carbonate,  and  may  be  dried 
in  the  water-oven  without  undergoing  any  appréciable  change  beyond 
a  slight  darkening  in  colour.  The  substance,  although  so  stable  in  the 
dry  state,  could  not  be  recrystallised,  as  it  is  decomposed  on  boiling 
with  alcohol  or  water  ;  in  the  former  case,  the  replacement  of  the 
diazonium  complex  by  hydrogen  appears  to  take  place,  for  the  odour  of 
acetaldehyde  is  very  marked  ;  with  the  latter  solvent,  the  diazo-group 
is  replaced  by  hydroxyl,  and  this  change  also  occurs  when  the  sait  is 
boiled  with  aqueous  minerai  acid  ;  the  carbon  dioxide  evolved  was  in 
several  instances  absorbed  in  weighed  soda-lime  tubes,  ihe  percentage 
amount  varying  from  12 '8  to  13'1  per  cent.,  this  being  about  84  per 
cent,  of  the  quantity  calculated  for  the  pure  carbonate. 

The  j^-hydroxybenzanilide  (iV^-benzoyl-/>aminophenol),  produced  by 
the  décomposition  of  the  diazo-compound  by  water,  crystallises  from 
water  in  colourless  needles  melting  at  205 — 207°.  This  melting  point, 
although  difi'ering  considerably  from  the  number  (227'5°)  given  by 
Hiibner  {Annalen,  1881,  210,  378),  is  identical  with  the  constant 
recorded  for  the  substance  by  Hantzsch  [Ber.,  1891,  24,  4042). 

The  diazonium  carbonate  dissolves  with  effervescence  in  cold  concen- 
trated  hydrochloric  acid,  and  the  diluted  solution,  when  introduced  into 
alkaline  /5-naphthol  solution,  gave  a  practically  quantitative  yield  of 
the  azo-compound,  the  amovint  in  two  experiments  being  124  and  128 
per  cent.,  whilst  the  calculated  value  is  128'8.  A  spécimen  of  the 
carbonate  prepared  from  carefully  purified  benzoyl-^>phenylenediamine 
furnished  the  following  data  on  analysis  : 

0-1952  gave  25-5  ce.  nitrogen  at  19-5°  and  757  mm.     N  =  14-95. 
Ci^Hj^O^Ng  requires  N  =  14-73  per  cent. 

The  diazonium  carbonate  is  sensitive  to  light,  but  if  kept  in  the 
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dark  may  be  pi'eserved  unchanged  for  an  indeliuite  time.  When 
shaken  up  with  cold  water,  the  carbonate  yields  a  solution  having  a 
very  faint  alkaline  reaction  to  red  litmus.  It  readily  condenses  with 
aminés  and  jihenols,  the  addition  of  alkali  accelerating  the  change  in 
the  case  of  the  latter  compounds.  The  hydrochloride  of  its  azo-deriv^ 
ative  with  a-naphthylamine  dissolves  in  alcohol  to  an  intense  bluish- 
purple  solution. 

It  was  hoped  that  this  product  might,  ou  account  of  its  great 
stability,  be  empîoyed  in  the  application  of  azo-compounds  to  the 
printing  of  textile  fabrics,  but  comparative  dye  tests  showed  that  the 
colours  of  its  azo-derivatives  could  not  compare  in  brilliancy  with 
those  obtainëd  from  diazotised  /)-nitroaniline.  In  this  connexion,  the 
compounds  with  "  R  sait  "  and  "  chromotrope  acid  "  were  examined, 
and  the  insoluble  azo-compound  with  /3-naphthol  was  recrystallised 
and  analysed. 

Benzoijl-Yk-a))d7iobenzeneazo-(3-naphthol, 

C.H^-CO-NH-CgH.-N.-CioH/OH, 
when    crystallised   successively  fi-om  glacial   acetic  acid  and   alcohol, 
séparâtes  as  a  micro-crystalline  powder  and  melts  at  211°.     With  con- 
centrated  sulphuric  acid,  it  develops  a  crimson  coloration. 

0-2808  gave  279  ce.  nitrogen  at  20°  and  767  mm.     N=  11-47. 
CgglIj^OoNg  requires  N  =  11-44  per  cent. 

Benzoyl-])-aminohenzenediazonium  Nitrite, 

C^Hg-CO-NH-Coïï.-N.-NOg. 
— The  solution  obtainëd  by  adding  excess  of  sodium  acétate  to  the 
hydrochloric  acid  solution  of  benzoyl-^>aminobenzenediazonivim  chloride, 
when  treated  with  excess  of  sodium  nitrite,  yields  a  ci-ystalJine, 
yellow  precipitate,  which  dissolves  in  water  to  an  almost  colourless 
solution. 

0-2162  gave  39-0  ce.  nitrogen  at  19°  and  763  mm.     N  =  2083. 


The  aqueous  solution  of  the  diazonium  nitrite,  when  treated  with 
potassium  iodide,  does  not  liberate  iodine  until  dilute  acetic  acid  is 
introduced,  when  the  libération  of  the  halogen  occurs  immediately. 
The  diazonium  sait  condenses  readily  with  phénols  and  aromatic 
aminés,  yielding  azo-derivatives. 

A  solution  of  the  diazonium  nitrite  or  acétate,  when  poured  into  a 
saturated  solution  of  sodium  hydrogen  sulphite,  yields  at  first  an 
o range- colou red  precipitate,  which  rapidly  changes  to  a  pale  yellow 
substance  which  is  also  sparingly  soluble  in  cold  water.  The  orange 
compound    interacts   at  once    with    alkaline   /3-naphthol,  whereas  the 
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yellow  product  does  not  at  firsl  yield  any  azoderivative  ;  when,  how- 
ever,  the  mixture  is  kept  for  some  time,  a  coloration  is  slowly  de- 
veloped. 

Royal  Collège  of  Science,  London, 
South  Kensington,  S.W. 


XCVII. — Influence  of  Substitution  on  the  Formation  of 
Diazoamines  and  Aminoazo-compounds.  Part  IIL 
Azo-dcrivatives  of  Sijmntetricalty  Disuhstituted 
Primary  Meta-diamines. 

By  Gilbert  Thomas  Morgan  and  William  Ord  Wootton. 

Until  quite  recently,  considérable  doubt  bas  existed  as  to  tbe  précise 
action  of  a  diazonium  sait  on  a  disubstituted  meta-diamine  of  tbe 
gênerai  type 

_Y 

but  in  1902  one  of  tbe  autbors  sbowed  tbat  when  the  substituents 
(XY)  were  eitber  2  Me,  Cl  Me,  or  2  Cl  an  ortho-azo-compound  was 
formed,  altbougb  in  smaller  yield  and  less  readily  than  when  tbe  con- 
densation was  effected  with  an  isomeric  base  containing  a  free  para- 
position  with  respect  to  one  of  tbe  amino-groups.  Moreover,  tbe  pro- 
duction of  yellowisb-brown  azo-dyes  on  cotton  fibres  impregnated 
with  diazotised  primulin  and  treated  with  aqueous  solutions  of  thèse 
symmetrically  disubstituted  bases  showed  tbat  the  diamines  yielded 
azo-derivatives  differing  greatly  in  colour  from  the  dyes  obtained 
from  their  isomerides  having  a  free  para-position,  tbe  colour  of  the 
latter  dyes  having  a  reddish-brown  shade  similar  in  appearance  to  the 
colours  obtained  with  the  ordinary  developers,  ?«-pbenylene.liamine  and 
2  :  4-tolylenediamine  (Trans.,  1902,  81,  86). 

This  investigation  bas  now  been  extended  to  the  case  of  tbe  meta- 
diamines  containing  nitro-groups  and  tbe  heavier  halogen  atoms 
(bromine  and  iodide),  in  order  to  ascertain  the  influence  of  thèse  sub- 
stituents on  the  course  of  tbe  condensations  and  tbe  character  of  tbe 
products. 

In  the  earlier  experiments  {loc.  cit.,  pp.  89  and  1384:),  it  was  shown 
tbat  4  :  6-dicliloro-wi-pbenylenediamine  sbowed  less  tendency  to  form 
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azo-derivatives  than  the  similax'ly  3ubstituted  bases,  in  whicli  the  two 
chlorine  atoms  are  replaced  by  ClMe  or2Me,  and  on  repeating  the  con- 
densation with  4  :  6-dibromo-«i-phenylenediamine  this  base  was  found 
to  behave  similarly,  only  indefinite  non-crystallisable  products  being 
obtained  with  toluene-p-diazoninm  chloride,  whilst  the  more  stable 
j>nitrobenzenediazoniuni  sait  yielded  a  crystallisable  azo-derivative. 

With  the  object  of  completing  this  comparative  stvidy  of  the 
dihalogenated  ?yi-phenylenediamines,  an  attempt  was  made  to  prépare 
the  di-iodo-compound. 

Di-iodo-in.-j)heiti/lenediaviine,  obtained  in  the  manner  indicated  in  the 
sequel,  is  a  somewhat  unstable  substance  darkening  on  exposure  and 
decomposing  at  83°.  The  orientation  of  the  iodine  atoms  has  not  been 
determined,  but  by  analogy  with  the  dichloro-  and  dibromo-bases  they 
should  occupy  the  para-positions  with  respect  to  the  amino-groups. 

In  its  behaviour  towards  diazonium  salts,  the  di-iodo-base  resembles 
its  chlorine  and  bromine  analogues  ;  with  toluene-jy-diazonium  chloride, 
only  indefinite  products  Avere  obtained,  whilst  with  the  more  stable  diazo- 
compounds  of  the  nitroanilines  it  gives  rise  to  azo-derivatives  giving 
numbers  approximating  to  the  formula  N02'CgH4*N2'CgH3l.^(NH2)2- 

The  three  dihalogenated  diamines  yield  azo-colours  on  fibres  impreg- 
nated  with  diazotised  primulin,  and  the  shade  produced  deepens  con- 
siderably  as  the  atomic  weight  of  the  halogen  increases. 

Thèse  results  indicate  that  the  readiness  with  which  thèse  ortho-azo- 
compounds  are  formed  is  greatly  influenced  by  the  présence  of  nitro- 
gi-oups  in  the  molécule  of  the  diazonium  sait,  and  accordingly  the 
diamines  containing  nitro-substituents  were  next  examined  with  the 
object  of  ascertaining  whether  this  group  would  exert  a  similar  influ- 
ence when  présent  in  the  diamine  nucleus. 

5-]Sritro-2 : 4-tolylenediamine  (Tiemann,  Ber.,  1870,  3,  9),  when 
coupled  either  with  ji>bromobenzenediazoniuni  chloride  or  the  diazo- 
compound  from  ^j-nitroaniline,  gave  good  yields  of  azo-derivatives,  and 
this  influence  of  the  nitx'o-group  in  the  substituted  diamines  was 
f  urther  exemplified  by  a  study  of  Q-chloro-i-nitro-m.-2)henijlenediamiHe 
and  the  corresponding  bi'omo-base. 

The  former  of  thèse  bases  Avas  prepared  either  by  chlorinating 
diacetyl-4-nitro-î«-phenylenediamine  or  by  nitrating  diacetyl-4-chloro- 
«i-phenylenediamine  and  then  hydrolysing  the  products,  thèse  two 
alternative  processes  determining  the  orientation  of  the  two 
substituents  : 


NH, 

NH., 

/\ 

CI2 

ci/\ 

^>H. 

— ->- 

1 

NOo 

NO., 

HNO;.        Clf        I 
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ïhe  constitution  of  the  chloro-base  has  already  been  determined  by 
converting  it  into  1  :  2  :  4-tnchlorobeQzene,  whereas  that  of  the  nitro- 
base  dépends  on  its  conversion  into  the  follcwing  compounds  :  3-amino- 
;>nitrophenol  and  3  :  G-diaminophenol,  the  latter  being  proved  to  be  an 
ortho-diamine  by  condensation  with  benzil  (Barbaglia,  Ber.^  1874,  7, 
1257  ;  Bertels,  Ber.,  1904,  37,  2279). 

In  a  similar  manner,  the  orientation  o£  the  substituents  in  6-bromo- 
4-nitro-m-phenylenediamine  was  determined  by  preparing  the  base 
either  by  brominating  diacetyl-4-nitro-??i-phenylenediamine  or  by 
nitrating  diacetyl-4-bromo-;H-phenylenediamine  and  hydrolysing 
the  product  in  the  ordinary  way.  The  constitution  of  4-bronio- 
7n-phenylenediamine  has  already  been  determined  by  convei'ting  it 
into  1  :  2  :  4-tribromobenzene  (Morgan,  Trans.,  1900,  77,  1205). 

Before  the  alternative  methods  of  preparing  thèse  bases  had  been 
worked  ont,  an  attempt  to  ascertain  the  configuration  of  the  chloro- 
nitro-base  by  the  Sandmeyer  reaction  led  to  the  production  of  s-tetra- 
chlorobenzene  accompanied  by  a  smaller  amount  of  chloranil. 

The  former  of  thèse  substances  results  from  the  now  well-known 
transference,  which  occurs  so  frequently  in  the  case  of  diazonium 
salts  containing  nitro-groups  :  ]Sr02'C^HoCl(N2Cl)2  — > 

C1-C,H2C1(NX'1)(N.,-N0,)  — >  C6IÎ2CI4   +   N2   +   NO.. 

The  nitrogen  peroxide  is  not  evolved  as  such,  but  is  used  up  in 
oxidising  some  of  the  s-tetrachlorobenzene  to  chloranil. 

Both  thèse  disubstituted  diamines  condense  with  diazonium  salts  to 
form  azoderivatives,  and  they  yield  ingrain  colours  with  diazotised 
primulin. 

Expérimental. 

Action  of  Diazonium  Salts  on  i:^-Dihromo-i\\-phenylenediamine. 

The  4  : 6-dibromo-?H-phenylenediamine  required  in  thèse  experiments 
was  obtained  by  brominating  diacetyl-??i-phenylenediamine  in  warm 
glacial  acetic  acid  solution.  An  intermediate  additive  compound  firsb 
appeared,  which  passed  into  diacetyl-4  :  6-dibromo-?n-phenylenediamine 
on  treatment  with  water  or  dilute  aqueous  alkali,  the  latter  médium 
giving  the  cleaner  product.  The  diacetyl  derivative  was  hydrolysed 
with  alcoholic  potash  or  hydrochloric  acid  ;  in  the  acid  hydrolysis,  the 
excess  of  alcohol  was  evaporated  off,  the  base  precipitated  with  am- 
monia  and  recrystallised  from  hot  alcohol,  when  it  séparâtes  in  glisten- 
ing,  brown  needles  melting  at  135°. 

•ç-Nitrohenzene-2-azo-^  :  ^-dibromo-va-phenylenediain ine, 
Br    NHo 

/  \'N  •/  \'N0 

Br    NH, 
VOL.   LXXXVII.  3   R 
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is  precipitated  on  adding  a  hydrochloric  acid  solution  of  ^>nitrobenzene- 
diazoninm  chloride  to  a  cooled  alcoholic  solution  of  the  dibromo-base. 
The  product  ciystallises  from  ethyl  acétate  in  small,  deep  red  crystals 
with  a  green,  metallic  reflex  ;  it  melts  at  213°  and  develops  a  crirason 
coloration  with  concentrated  sulphuiùc  acid. 

0-2794  gave  41-22  ce,  moist  nitvogen  at  17°  and  754  mm.    N  =  16-96. 
CigHgOoNgBr^  requires  N  =  16-83  per  cent. 

m'ÙVitrobe7ize7ie-2-azo-4:  :  ^-dihroino-m.-phenylenedkumne,  obtaiced  as  a 
brick-red  powder,  resembles  the  preceding  compound,  but  is  less 
soluble  in  water,  alcohol,  and  ethyl  acétate  ;  it  gives  a  bluish-scarlet 
coloration  with  concentrated  sulphuric  acid. 

o-Nitrohenzene-2-azo-i  :  ^-dibromo-m-phenylenedlamine  was  not  ob- 
tained  crystalline  ;  it  is  readily  soluble  in  benzène  and  séparâtes  in  the 
form  of  a  red  powder  melting  with  décomposition  at  152°, 

0-1536  gave  0*1407  AgBr.     Br  =  38-96, 

CjgHgO^NgBro  requires  Br  =  38-55  per  cent. 

With  cold  concentrated  sulphuric  acid,  this  azo-compound  develops  a 
purple  coloration.  Portions  of  the  solutions  of  the  three  preceding 
azo-compounds  in  cold  concentrated  sulphuric  acid,  when  poured  on  to 
ice  and  filtered  into  an  alkaline  solution  of  "  R-salt,"  gave  no  colora- 
tions, thus  indicating  the  absence  of  fission  products  derivable  from  a 
diazoamine.  On  treating  an  alcoholic  solution  of  the  dibromo-base 
with  toluene-^>diazonium  chloride,  the  liquid  became  intensely  red,  but 
no  precipitate  Avas  formed.  The  product,  when  precipitated  by  brine 
solution,  seemed  to  consist  of  unchanged  base  mixed  with  tarry  pro- 
ducts from  which  a  definite  azo-derivative  could  not  be  extracted. 


Di-iodo-m-2)henylenedianmie  [2NHo  =  1  :  3,  21  =  4  :  6  ?]. 

A  fairly  pure  spécimen  of  w-pbenylenedi;imine  hydrochloride  (18 
grams)  was  dissolved  in  40  ce.  of  warm  water  together  with  50  grams 
of  crystallised  sodium  acétate,  and  to  the  solution  were  slowly  added 
51  grams  of  commercial  iodine  dissolved  in  210  ce.  of  hot  alcohol. 
The  mixture  assumed  a  deep  dull  green  colour  and  an  exti-emely 
pungent  odour  was  noticed,  After  10  minvites,  the  supernatant  liquid 
was  decanted  from  the  dark  sédiment  into  a  large  excess  of  water,  in 
which  at  first  appeared  an  oily,  ochreous  precipitate  changing  after  a 
few  minutes  into  a  greenish-brown  mass  of  felted,  microscoj^ic  needles. 
The  crystalline  product,  when  recrystallised  from  benzène,  séparâtes  in 
lustrons,  yellow  needles  which,  on  exposure,  rapidly  become  reddish- 
brown  and  fînally  black.     Prolonged  boiling  ^vith  benzène  caused  the 
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décomposition  of  the  substance  ;  the  recx-ystallised  spécimen  darkened 
at  79°,  melted  at  81°,  and  decomposed  at  83°,  evolving  iodine. 

0-1444  gave  10-1  ce.  nitrogen  at  19°  and  746  mm.     N  =  7-89. 
0-0912     „     0-1196  Agi.     1-70-88. 

CgH^NJo  requires  ]Sr  =  7-77  ;  1=-  70-53  per  cent. 

The  base  is  soluble  in  alcohol  or  ether  to  a  brownish-green  solution  ; 
its  hydrochloride,  produced  by  passing  hydi'Ogen  chloride  into  the 
benzène  solution,  is  decomposed  by  boiling  water.  The  ordinary  pro- 
cesses of  acetylation  and  benzoylation  did  not  lead  to  the  production 
of  characteristic  derivatives. 

s-Di2)he7i'(/ldicarbamidodi4odo-mj}henijlenedia7)iiue, 
C,HX(NH-CO-XHPh),, 
prepared   by  adding  excess  of   phenylcarbimide   to  a  warm  saturated 
benzène  solution  of  the  base,  décomposes  at  200 — 203°.     As  it  is  only 
very  slightly  soluble  in  the  ordinary  solvents,  it  was  analysed  in  the 
amorphous  condition. 

0-2050  gave  17-2  ce.  nitrogen  at  18°  and  750  mm.     N-9-56. 

^20^1(3^2^4^2  requires  N  =  9-36  per  cent. 
The  picrate  of  the  di-iodo-base  crystallises  fi'om  alcohol  in  minute 
needles. 

Azo-derivatives  of  Di-iodo-vn-pheni/lenediauiine. 
i^-Nitrohen::eneazodi-iodo-va.-2)henylenediamine, 

— This  azO'Compound  was  prepared  in  the  usual  way  by  coupliug  the 
di-iodo-base  with  diazotised  p-nitroaniline  in  alcoholic  solution,  this 
mixture  being  subsequently  diluted  with  water,  when  the  product 
separated  as  a  deep  reddish-brown  precipitate  which,  when  dry,  had  a 
dark  green  reHex  and  melted  at  209^,  As  solvents  appeared  to  décom- 
pose this  azo  derivative,  it  was  analysed  without  further  purification. 

0-1908  gave  0-1801  Agi.     1  =  50-97. 

^'i2^^9^2^5-'-2  requires  1  =  4987  per  cent. 

This  azo-compound  develops  a  crimson  coloration  with  concentrated 
sulphui-ic  acid. 

o-AHtrobenzemazodi-iodo-m.-2)hen>/leaed{amine  resembles  its  isomeride 
and  was  similarly  prepared  ;  it  gave  on  analysis  1  =  50-86  per  cent. 
This  compound  begins  to  décompose  at  215°  and  develops  a  crimson 
coloration  with  concentrated  sulphuric  acid. 

As  in  the  case  of  its  dichloro-  and  dibromo-analogues,  the  di-iodo-?u- 
phenylenediamine  did  not  give  a  definite  azo-derivative  with  tolueue-/»- 
diazonium  chloride,  only  tarry  products  being  obtained. 

8  K  2 
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Azo-derivatives  oj  b-Nitro-2  :  i-tolylenediamine. — The  5-nitro-2  :  4- 
tolylenediamine  (m,  p.  154°)  was  obtained  by  nitrating  diacetyl-2  : 4- 
tolylenediamine  in  cold  concentrated  sulphuric  acid  and  then  hydro- 
lysing  the  product  witli  boiling  10  percent,  caustic  soda,  this  hydrolytic 
agent  giving  a  cleaner  préparation  than  alcobolic  hydrochloric  acid. 

]}-Xitrohen:iene-'à-azo-^-nitro - 2  :  i-tolylenediamine, 
NOo  NHg 

_/        \ / 

CH3  NHo 

— An  alcobolic  solution  of  the  nitro-base  when  treated  with  ^-nilro- 
benzenediazonium  chloride  and  subsequently  diluted  with  water 
yielded  a  light  vermilion  powder  sparingly  soluble  in  the  ordinary 
organic  média  and  insoluble  in  water.  The  product  dissolves  in  bot 
quinoline  or  pyridine,  but  sei^arates  out  in  an  amorphous  state  on  cool- 
ing;  it  décomposes  at  283°  and  develops  a  brown  coloration  with 
cold  concentrated  sulphuric  acid.  The  yield  of  this  substance  is  almost 
theoretical. 

0-1643  gave  35-2  ce.  nitrogen  at  16°  and  768  mm.  N  =  26-0. 
Cjgïïj.p^Ng  requires  N  =  26-5  per  cent. 
— The  solution  in  cold  concentrated  sulphuric  acid  when  poured  on  to 
ice  gave  no  indications  of  the  fission  products  of  a  diazoamine. 

p-Bromob6nzene-o-azo-5-nitro-2  :  i-tohjlenediamine, 
NO.  NH2 

CH3  NHo 

—This  azo-derivative,  produced  by  coupling  the  diamine  with  ^;-bromo- 
benzenediazonium  chloride  in  glacial  acetic  acid  solution,  rapidly 
separated  in  light  red  flakes  which,  when  crystallised  from  bot  glacial 
acetic  acid,  separated  in  circular  dises  showing  a  spherulitic  structure 
(m.  p.  207—208°)  ;  the  yield  is  about  89  per  cent,  of  the  theoretical. 
The  compound  dissolved  in  concentrated  sulphuric  acid  to  an  orange- 
brown  solution  which,  on  dilution,  was  shown  to  ba  free  from  the  fission 
products  of  a  diazoamine. 

0-1422  gave  25-0  ce.  nitrogen  at  20°  and  765  mm.  N  =  20-25. 

00976     „     0-0515  AgBr."  Br  =  22-46. 

CisHiA^sBi-  requires  N  =  20-00  ;  Br  =  22-86  per  cent. 

'ç-Bromohenzene-1-azo-i-nitro-vû.-2)henylenedianiine, 
NH2 

NOo 
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— This  para-azo-derivative  was  prepared  in  the  manner  indieated  in  the 
preceding  experiment,  excepting  that  the  product  was  precipitated  by 
aqueous  sodium  acétate  ;  the  yield  was  about  the  same  as  that  of  the 
foregoing  compound.  The  substance  is  soluble  in  alcohol,  ethyl  acétate, 
and  benzène,  but  crystallises  best  from  glacial  acetic  acid,  being  thus 
obtained  in  short,  yellow  prisms  (m.  p.  220 — 224°)  with  a  blue  reflex. 
Jt  develops  an  intense  red  coloration  with  cold  concentrated  sulphuric 
acid,  and  the  solution,  when  successively  poured  on  to  ice,  filtered,  and 
added  to  an  alkaline  solution  of  "  R-salt,"  gave  no  azo-colour,  thus 
indicating  the  absence  of  fission  products  of  a  diazoamine. 

0-1555  gave  28-3  ce.  nitrogen  at  18° and  764  mm.  N  =  2M3. 
C\2Hio^2-^5^'^  requires  N  =  20-83  per  cent. 


The  Halogen  Derivatives  of  i:-Nitro-m.-phenylenediamine. 

The  brominated  diamine  and  the  corresponding  chloro-compound  were 
produced  by  halogenating  diacetyI-4-nitro-wi-phenylenediamine.  This 
nitro-derivative  was  prepared  by  dissolving  10  grams  of  diacetyl-7?i- 
phenylenediamine  in  100  ce.  of  concentrated  sulphuric  acid  and  slowly 
adding  to  the  solution  at  —  8°  5  ce.  of  concentrated  nitric  acid  (sp.  gr. 
1-51)  mixed  with  15  ce  of  concentrated  sulphuric  acid  cooled  to  the 
same  température  ;  the  mixture  was  stirred  continuously,  the  opex'ation 
lasting  about  10  minutes.  The  product  was  poured  on  to  ice,  the  pre- 
cipitated nitro- compound  collected  at  once  and  washed  with  cold  water. 
If  the  product  is  left  in  contact  with  the  diluted  acids,  much  frothing 
occurs  and  the  yield  is  greatly  diminished. 

4-Nitro-m-phenylenediamine,  obtained  by  boiling  the  diacetyl  deriv- 
ative  with  4  parts  of  10  per  cent,  aqueous  caustic  soda  for  15  minutes 
and  crystallising  the  product  from  water,  separated  from  this  solvent 
in  yellow  needles  which  hâve  a  blue  reflex  and  melt  at  159°. 

DiaGetyl-%-bromo-i-nitro-m.-phenylenediainine, 

NO,/0,H2Br(NH-CO-CH3).. 
— The  diacetyl-4-nitro-m-phenylenediamine,  dissolved  in  the  minimum 
amount  of  warm  glacial  acetic  acid,  was  treated  with  bromine  (1  mol.) 
dissolved  in  4  parts  of  the  same  solvent;  after  a  few  minutes,  the 
solution  was  diluted  with  water,  when  the  bromo-derivative  separated 
and  was  crystallised  from  glacial  acetic  acid  ;  it  séparâtes  in  colourless, 
nodular  aggregates  melting  at  about  212°,  and  is  sparingly  soluble  in 
the  usual  organic  solvents,  crystallising  from  hot  water  in  minute 
piùsms. 

0-1501  gave  16-0  ce  nitrogen  at  18°  and  762  mm.     N  =  12-34. 
CiûHgO^NgBr  requires  N  =  13-28  per  cent. 
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This  substance  was  prepaved  in  quautities  not  exceeding  1  gram, 
inasmuch  as  tlie  employment  of  larger  amounts  of  material  led  to  the 
formation  of  non-homogeneous  products. 

6-BromoA-nitro-in-pheni/lenediainine, 

Nïï,, 

Br 
i.s  pi-eferably  pi'oduced  from  its  diacetyl  derivative  by  hydrolysis  with 
alcoholic  hydioebloric  acid,  since  tbe  action  of  caustic  alkab',  unless 
cai'efuUy  regulated,  gives  rise  to  tarry  products.  The  base,  wben  set 
free  with  ammonia  and  recrystallised  from  alcohol,  is  obtained  in  long, 
golden-yellow  needles  melting  at  189 — 191°;  it  is  sparingly  soluble  in 
cold  water  and  readily  dissolves  in  alcohol. 

0*1498  gave  22-5  ce.  nitrogen  at  17°  and  762  mm.     N-=  17-51. 
0-1454     „     0-1185  AgBr.     Br  =  34-68. 

CoHgOgNgBr  requires  N  =  18-10  ;  Br- 34-43  per  cent. 

A  satisfactory  yield  of  this  base  was  also  obtained  by  riitrating 
diacetyl-4-bromo-m-phenylenediamine  in  concentrated  sulphuric  acid 
at  -  5°  and  subjecting  the  product  to  alkaline  hydrolysis.  After  re- 
crystallisation,  the  substance  melted  at  190 — 191°  and  was  found  not 
to  depress  the  melting  point  of  spécimens  prepared  according  to  the 
first  method. 

2  :  G-Dibromo-i-nitro-ïn-phetiylenediamine. 

Owing  to  the  diiîiculty  experienced  in  freeing  the  6-bromo-4-nitro- 
w-phenylenediamine  from  unaltered  nitro-base  in  the  preceding  brom- 
ination,  an  attempt  was  made  to  i-ender  the  change  complète  by 
operating  on  the  free  base,  3 — 5  grams  of  which  were  dissolved  in 
glacial  acetic  acid  and  treated  with  1*1  ce.  of  bromine  also  dissolved 
in  the  same  médium.  Heat  was  generated  and  an  orange-coloured 
précipitât e  was  formed  immediately,  liydrogen  bromide  being  evolved. 
The  mixture  was  added  to  water,  treated  with  ammonia,  and  the  pro- 
duct recrystallised  from  alcohol,  when  it  separated  in  lustrous,  yellow 
needles  melting  at  190—191°. 

0-1406  gave  17-7  ce  nitrogen  at  21°  and  754  mm.     N=-.  14-21. 
CgHjOgNaBro  requires  N  =  13-50  per  cent. 

This  base  is  identical  with  the  compound  obtained  by  Jackson  and 
Fiske  by  heating  3  :  4  :  5-tribromo-l  :  2-dinitrobeuzene  with  alcoholic 
ammonia  and  described  as  melting  at  189—190°  {Amer.  Chem.  J., 
1903,  30,  53—82). 

Diacetyl-Q-cMoro-4:-nitro-m-j)henyîenediamine, 

NO^-C.H^CKNH-CO-CHsV 
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— A  solution  of  diacetyl-4-nitro-/?iphenylenecliamine,  dissolved  in  the 
minimum  amount  of  hot  glacial  acetic  aeid,  was  rapidly  cooled  to  pro- 
mote  the  formation  of  small  crystals,  and  into  the  paste  thus  pio- 
duced  a  slight  excess  of  clilorine  was  passed.  Heat  was  generated, 
hydi'ogen  chloride  was  liberated,  and  the  acetyl  compound  passed  into 
solution.  The  liquid  was  decanted  from  a  dark  sédiment  into  water, 
and  after  neutralising  with  sodium  cai'bonate  the  chloro-derivative 
separated  as  a  pale  yellow,  crystalline  powder.  A  good  yield  waa 
obtained,  the  product  being  sparingly  soluble  in  the  usual  solvents. 
It  separated  from  hot  water  as  a  bulky  mass  of  white,  felted  needles 
melting  at  about  222°. 

0-1372  gave  17-1  ce.  nitrogen  at  18°  and  762  mm.     N  =  14-49. 
01279     ,,     0-0628  AgCl.     01  =  12-15. 

CioHgO,N3Cl  requires  N  =  15-52  ;  Cl  =  1307  per  cent. 

6-Chloro-4:-nitro-m-phenylenedia77iine. — The  foregoing  acetyl  derivative 
is  readily  soluble  in  seminormal  caustic  soda,  and  the  free  base,  which 
séparâtes  out  on  boiling  the  solution,  crystallises  from  alcohol  in 
golden-yellow  needles  ;  it  is  sparingly  soluble  in  eold  water  and  melts 
at  189—191°. 

The  diacetyl  compound  of  tins  base  was  also  obtained  by  nitrating 
diacetyl-4-chloro-?K-phenylenediamine  in  glacial  acetic  acid  solution; 
the  diamine  produced  by  hydrolysis  melted  at  189 — 191°  and  did  not 
depress  the  melting  point  of  the  foregoing  préparation. 

01052  gave  20-6  ce.  nitrogen  at  21°  and  760  mm.     K  =  22-30, 
0-1170     „     0-0852  AgCl.     Cl  =  18-44. 

C^HgOoNaCl  requires  N  =  22-46  ;  Cl-  18-93  per  cent. 

When  a  solution  of  this  substance  in  glacial  acetic  acid  is  treated 
with  bromine,  it  yields  an  orange  precipitate  which  is  probably 
6-chloro-2-bromo-4-nitro-?ji-phenylenediamine. 

Tp-Bromobenzene-2-azo-Q-bromoA-nitro-ni-phe7ii/lenedia7nme, 
C,H,-Br-N,-C,ÏÏBr(NHo),-NO,. 
— This  azo-compound  was  formed  by  adding  a  hydrochloric  acid  solution 
of  jy-bromobenzenediazonium  chloride  to  a  solution  of  the  bromonitro- 
base  in  cold  glacial  acetic  acid.  Ou  addition  of  crystallised  sodium 
acétate,  the  compound  was  deposited  in  brick-red  flocks.  It  séparâtes 
amorphously  from  solvents  and  décomposes  indefiuitely  above  170°. 
When  treated  with  cold  concentrated  sulphuric  acid,  it  gives  an  orange- 
red  coloration. 

0-1677  gave  25-2  ce  nitrogen  at  17°  and  762  mm.     N  =  17-50. 
00896     „     0-0796  AgBr.     Br  =  37-79. 

Ci^HgOaN^Bro  requires  N  =  16-87  ;  Br=  38-55  per  cent. 
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^-Chlorohenzene-2-azo-%  chloro-i-nUro-m-j^henylenediamine, 
C6H,C1-N2-C6HC1(NH2)2-N02. 
— This  substance  was  prepared  in  the  usual  manner,  the  cliloronitro-base 
being  in  alcoholic  solution.  The  azo-compound  separated  at  once  as  a 
very  bulky  brick- red  precipitate,  having  when  dry  a  bluisli  streak.  It 
is  insoluble  in  water,  moderately  soluble  in  alcohol  and  ethyl  acétate, 
readily  so  in  glacial  acetic  acid.  As  in  the  case  of  the  preceding 
bromo-compound,  this  azo-derivative  could  not  be  obtained  crystalline; 
itmeltsat  214—216°.* 

0-1492  gave  27'0  ce.  nitrogen  at  20°  and  765  mm,     ISr  =  21-00. 
0-1254     „     0-1082  AgCl.     01  =  21-34. 

C12H9O2N5CI2  requires  N^  21*47  ;  01  =  21-78  per  cent. 

This  azo-compound  dissolves  in  cold  concentrated  sulphuric  acid  to 
an  orange  solution.  This  solution,  and  also  the  one  obtained  with  the 
corresponding  bromo-compound,  when  successively  treated  with  ice, 
filtered,  and  added  to  a  solution  of  "  R-salt,"  failed  to  give  any 
coloration,  thus  indicating  the  absence  of  fission  products  of  a  diazo- 
amine. 

Royal  Collège  of  Science,  London, 
South  Kensington,  S.W. 


XCVIII. — Influence  of  Substitution  on  the  Formatioyi  of 
Diazoamines  and  Ammoazo-compounds.     Part  IV. 
5' Bromo-B,B{4:)-di7nethyl-2  :  A-diaminotoluene. 

By  Gilbert  Thomas  Morgan  and  Arthur  Clayton. 

In  the  course  of  an  investigation  on  the  interaction  of  the  completely 
alkylated  meta-diamines  with  diazonium  salts,  one  of  the  authors 
found  that  tetramethyl-4  :  6-diamino-?n-xylene  did  not  condense  with 
thèse  reagents,  négative  results  being  obtained  both  with  the  simpler 
diazo-derivatives  of  aniline  and  its  nitro-compounds  and  also  with 
diazotised  pi-imulin.  This  inactivity  is  certainly  due  to  the  présence 
of  the  substituents  in  the  two  para-positions  with  respect  tothe  amino- 
group,  for  when  one  of   thèse  positions  is  still  open,  as  in  the  case 

*  Owing  to  the  insohible  and  uncrystallisable  character  of  the  acetyl  and  azo 
dei'ivatives  of  the  chloronitro-  and  bromouitro-bases,  and  the  conséquent  difficulty 
expevienced  in  purifying  thèse  products,  their  melting  points  must  be  taken  as  being 
onîy  approximately  correct.  For  the  same  reason,  the  analytical  results  do  not 
always  exhibit  such  a  close  agreement  with  the  ealculated  values  as  could  be  desired. 
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of  the  lower  homologue,  tetri\methyl-2  :  4-cliaminotoluene,  the  produc- 
tion of  the  azo-colouring  matter  takes  place  readily  and  quantitatively 
(Trans.,  1902,  81,  650). 

Inasmuch  as  the  dipara-substituted  primai-y  meta-diamines  still  give 
azo-derivatives,  although  less  readily  than  those  diamines  containing 
one  fi-ee  para-position  (Trans.,  1902,  81,  89),  it  became  of  interest  to 
détermine  how  far  the  alkylation  of  a  dipara-substituted  m-diamine 
may  proceed  before  the  production  of  azo-derivatives  is  quite 
inhibited.  With  this  end  in  view,  the  authors  hâve  undertaken  a 
study  of  rts-dimethyl-2  :  4-diaminotoluene,  and  hâve  prepared  a  bromo- 

derivative,   ^(CETg)^'^^       ^-Cllg,  substituted  in  the  remaining  para- 

Br 

position  in  oixler  to  compare  the  action  of  diazo-compounds  on  the  two 
partially  methylated  bases,  The  constitution  of  the  bromo-base  was 
determined  by  the  foUowing  séries  of  opérations. 

The  nitration  of  dimethyl-;^-toluidine  leads  to  the  formation  of  2-nitro- 

dimethyl-;;  toluidine,  IS'(CHg)2"<(^       ^'CHg,  the  position  of   the   nitro- 

group  being  fixed  by  the  alternative  method  of  preparing  the  dimethyl 
base  by  the  direct  methylation  of  2-nitro-;>toluidine  (Haibach,  /.  /»r. 
Chem.,  1902,  [ii],  65,  246).  Under  certain  conditions,  the  foregoing 
nitration  gives  rise  to  a  dinitrodimethyl-^>toluidine,  the  détails  of  this 
alternative  change  being  more  fnlly  indicated  in  the  expérimental 
section  (p.  947). 

On  réduction,  the  mononitro-base  yielded  as-dimethyl-2  :  4-diamino- 
toluene, which  was  isolated  in  the  form  of  its  acetyl  derivative, 
N(CH3)2-CgH3Me'NH'CO-CIT3.  This  compound  was  brominated 
with  one  molecular  proportion  of  bromine  in  glacial  acetic  acid,  and 
the  monobromo-derivative,  N(CH3)^/C^H2MeBr-NH-CO-CK3,  hydro- 
lysed,  yielding  the  hydrochloride  of  bromo-«s-dimethyl-2  :  4-diamin  > 
toluène.  The  position  assumed  by  the  entrant  bromine  atom  was  aFc<r- 
tained  by  the  following  altei-native  method  of  préparation. 

Aceto-jo-toluidide  was  converted  successively  into  3-bromoaceto-jv- 
toluidide  and  3-bromo-/)-toluidine.  The  bromo-base  was  novv  nitrated 
by  Claus  and  Hex'babny's  method,  which  consists  in  slowly  adding  its 
nitrate  to  cold  concentrated  sulphuric  acid  (Annalen,  1891,  265,  367). 

The  mononitro-derivative,  XOg-C^H^MeBr'NHg  (m.  p.  12P),  thus 
obtained  was  then  alkylated  by  heating  its  hydrobromide  with  methyl 
alcohol  at  140 — 150°.  Under  thèse  conditions,  the  cbief  product  is  the 
dimethyl  base,  N02-CgH2MeBr'NMe.^  (m.  p.  38°),  which  is  separated 
from  a  small  amount  of  secondary  base  by  means  of  acetiç  t^,uhydride. 
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On.  réduction,  the  nitrodimethyl  base  yields  a  bromo-«s-dimethyl- 
diaminotoluene,  which  was  characterised  by  its  acetyl,  benzoyl,  and 
benzenesulphonyl  derivatives,  and  found  to  be  identical  with  the 
bi'omo-as-dimethyl-3  :  4-diaminotoluene  described  above. 

By  this  mode  of  préparation  tlie  position  of  the  bromine  atom  is 
deterrained,  and  as  the  position  of  the  amino-group  was  fixed  by  the 
preceding  process,  the  bromodiamine  is  thus  shown  to  be  5-bromo- 
as(4)-dimethyl-2  : 4-diaminotoluene,  this  proof  of  its  constitution 
being  outlined  in  the  following  diagram  : 

NH..  NH.,  NMe., 


NH.,-^       ^\J    ^  ^y'NO.CO    -^      l^yNO,(?)^         NMe. 
/\               (JH3  CH,  CH3  b/\ 

^/  NH.,  NMe„  NMe^  \ /^^^^ 

6h,\    /\-  /\-      __^0)Br/\  ^  CH3 

I       InO.  i      JnO.,     ^  l      JNHAc 


CH3  CH3  CH3 

Before  the  above  proof  of  the  constitution  of  the  bromo-base  was 
worked  ont,  several  other  attempts  had  already  been  made  to  demon- 
strate  this  point.  One  of  thèse  consisted  incompleting  the  methylation  of 
the  bromo-base  and  comparing  the  resuit  with  the  product  obtained  by 
completely  methylating  5-bromo-2  :  4-diaminotoluene  (m.  p.  104°).  In 
this  way  we  showed  incidentally  that  the  two  bromo-2 : 4-diaminotoluene3 
described  in  the  literature  as  melting  at  104°  and  107°  are  in  reality 
identical.  The  latter  was  prepared  by  reducing  either  5-bromo-2:4-di- 
nitrotoluene  (Greta,  Annalen,  1875,  177,  231)  or  ô-bromonitro-^j-tolu- 
idine  (m.  p.  118°).  The  recorded  différence  in  the  melting  points  is 
probably  due  to  the  fact  that  the  base  really  décomposes  through  a  wide 
range  of  température  from  103 — 107°,  the  exact  point  at  Avhich  fusion 
occurs  depending  on  the  rate  of  heating.  The  base  melting  at  104°,  which 
had  been  formerly  obtained  by  Ruhemann  (Ber.,  1881,  14,  2659)  by 
brominatiug  dibenzoyl-2  : 4-diaminotoluene  and  hydi^olysing  the  pro- 
duct, was  made  by  this  process  for  the  purpose  of  comparison  and  also 
pi^epared  more  conveniently  from  diacetyl-2  :  4-diaminotoluene.  The 
products  from  thèse  four  différent  préparations  did  not  depress  each 
other's  melting  points  and  when  treated  by  the  Sandmeyer  process 
with  cuprous  bromide  yielded  2:4:  5-tribromotoluene. 

"When  5-bromo-as(4)-dimethyl-2  :  4-diaminotoluene  is  treated  with 
the  diazonium  sait  of  p-nitroaniline  or  />-bromoaniline,  or  with  diazo- 
benzeuesulphonic  acid,  an  ill-defined  uncrystallisable  product  is  obtained 
which  gives  the  reactions  both  of  a  diazoamine  and  of  an  aminoazo- 
compound.    This  diamine,  like  5-bromo-2  :  4-diaminotoluene,  gives  with 
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diazotised  priinulin  on  the  cotton  fibre  a  brownish-red  azo-colour  of 
somewhat  daller  shade  than  that  produced  with  as(4)-dimethyl-2  :  4. 
diaminotoluene. 

Expérimental. 

Prejyaratioji  of  ^-Bromo-^?,{i)-dimethyl-2  :  i-diaminotoluene. 

First  Method  :  From  2-JVitrodimet/tyl-p-toluidme. — A  solution  of  100 
grams  of  dimethyl-jo-toluidine  in  1000  gramsof  concentrated  sulphuric 
acid  was  cooled  to  0°  and  slowly  treated  with  100  grams  of  con- 
centrated nitric  acid  (sp.  gr.  1-42)  mixed  with  300  grams  of  concen- 
trated sulphuric  acid.  The  mixture  was  continually  agitated  during 
the  opération,  then  allowed  to  remain  for  six  hours,  and  subsequently 
poured  into  a  large  volume  of  ice-cold  water  and  the  solution 
neutralised  with  sodium  carbonate.  The  solid  product  was  then 
skimmed  off  the  surface,  washed,  and  extracted  with  alcohol,  and  the 
alcoholic  solution  allowed  to  crystallise.  In  this  way,  about  100  grams 
of  the  mononitro-base  were  obtained,  its  melting  point  being  37^. 
Haibach  (loc.  cit.),  who  obtained  it  by  methylating  2-nitro-y> 
toluidine,  gave  its  melting  point  as  35°. 

In  diluting  the  product  of  nitration  with  water,  it  is  essential  that 
the  température  should  be  kept  as  low  as  possible  ;  otherwise  further 
nitration  takes  place,  and  the  nitro-compound  produced  is  much  less 
soluble  in  alcohol,  and  consists  almost  entirely  of  a  dinitrodimethyl-;> 
toluidine.  This  compound  crystallises  from  alcohol  in  scarlet  scales 
melting  at  103°  ;  when  allowed  to  separate  slowly  from  this  solvent, 
dark  i-ed  needles  are  obtained  having  the  same  melting  point. 

0-2912  gave  46-6  ce.  nitrogen  at  16°  and  762  mm.     N  =  18-71. 
CgHj^O^Ng  requires  N  =  18  67  per  cent. 

This  peculiar  behaviour  of  the  nitration  mixture  finds  a  parallel  in 
the  changes  which  were  observed  by  P.  von  Komburgh  to  take  place 
when  dimethylaniline  is  nitrated  under  similar  conditions  [Froc.  K.  Akad. 
Wetensch.  Amsterdam,  1902,  2,  342).  This  investigator  found  that  in 
concentrated  sulphuric  acid  dimethylaniline  interacted  with  only  one 
molecular  proportion  of  nitric  acid,  but  that  if  excess  of  this  reagent 
is  présent,  the  further  nitration  leading  to  the  formation  of  the 
dinitrodimethylanilines,  melting  at  176°  and  112°,  occurs  only  after  the 
sulphuric  acid  solution  is  poured  into  water.  In  our  experimeuts, 
only  one  dinitrodimethyl-;j-toluidine  (m.  p.  103°)  was  obtained,  the 
additional  nitro-group  being  added  when  the  sulphuric  acid  solution  of 
the  mononitro-compound  with  excess  of  nitric  acid  is  poured  into 
water,  so  that  the  température  rises  to  30 — 40°.  When  the  mixture 
was    thoroughly  cooled   during  the  dilution  and  neutralisation,  then 
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further  nitration  was  prevented,  and  only  the  mononitro-base  was 
obtained. 

Preliminary  experiments  showed  that  tin  and  liydrochloric  acid 
gave  the  best  results  on  reducing  2-nitrodimethyl-p-toluidine,  the 
yield  of  diamine  obtained  with  iron  filings,  water,  and  acetic  acid 
being  only  smalL  Aftei*  reducing  and  removing  the  tin,  the  solution 
of  the  diamine  hydrochloride  was  concentrated,  rendered  faintly 
alkaline  with  caustic  soda,  and  then  treated  with  excess  of  acetic 
anhydride.  In  this  way,  about  65 — 70  grams  of  the  acetylated  diamine 
could  be  obtained  from  100  grams  of  the  nitro-compound,  After  one 
crystallisation  from  water,  the  acetyl-as(4)-dimethyl-2  : 4-diamino- 
toluene  separated  in  white  needles  melting  at  135°, 

Five  grams  of  the  acetyl  derivative,  dissolved  in  50  ce,  of  glacial 
acetic  acid  at  16°,  were  treated  with  4-2  grams  of  bromine  in  5  ce. 
of  the  same  solvent,  and  after  one  hour  the  mixture  was  poured  into 
water  and  the  solution  rendered  ammoniacal. 

The  precipitated  acetylbromodiamine  was  crystalliseJ  from  alcohol, 
when  it  separated  in  woolly  crystals  melting  at  163°. 

0-2175  gave  0-1514  AgBr.     Br  =  29-62. 

Cj^H^jONgBr  requires  Br-29-52  per  cent, 

The  hydrolysis  of  the  acetyl  derivative  wai?  effected  by  boiling  with 
concentrated  hydrochloric  acid,  when  on  concentrating  the  resulting 
solution  a  somewhat  déliquescent  hydrochloride  was  obtained.  The 
base,  when  set  free  with  ammonia,  separated  at  first  as  an  oil  which 
slowly  soliditied  ;  when  crystallised  from  light  petroleum  (b.  p. 
40—60°),  it  was  obtained  in  pearly  leaflets  melting  at  40°, 

0-1428  gave  0-1166  AgBr.     Br  =  34-75.  J 

C9Hj3N2Br  requires  Br  =  34-89  per  cent.  ■ 

The  compound  darkens  on  exposure,  the  colourless  crystals  rapidly 
acquiring  an  intense  violet  tint. 

Second  Method  :  From  3-£romo-\>toluidine. — Twenty  grams  of 
powdered  3-bromo-j^-toluidine  niti-ate  were  slowly  sprinkled  into  150 
grams  of  concentrated  sulphuric  acid  at  0°  (Claus  and  Herbabny,  loc. 
cit.),  the  mixture  being  thoroughly  stirred  throughout  the  opération, 
then  allowed  to  remain  for  6  hour^,  and  subsequently  poured  into  ice- 
water  and  neutralised  with  sodium  carbonate,  The  precipitated  base, 
obtained  in  practically  quantitative  yield,  when  crystallised  from 
alcohol,  separated  in  golden-yellow  crystals  (m.  p.  121°). 
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Z-Bromonilrodimethyl-'ç-toluidine. 

Attempts  were  made  to  methylate  the  foregoing  nitro-base  with 
dimethyl  sulphate  and  with  methyl  iodide  and  caustic  soda,  but  the 
products  were  not  inviting. 

A  more  favourable  resuit  was  obtained  by  heating  the  hydrobrom- 
ide  (3  grams)  of  the  base  Avith  5  ce.  of  methyl  alcohol  for  8  hours 
at  140 — 150°.  The  oily  or  semi-solid  product  was  freed  from  excess 
of  alcohol  on  the  water-bath  and  treated  Avith  acetic  anhydride  to 
remove  unaltered  base  or  any  secondary  aminé,  The  residue,  when 
repeatedly  crystallised  from  alcohol  in  not  too  concentrated  solution, 
yielded  at  low  températures  well-defined,  yellow  needles  melting  at  38^. 

0-2784  gave  0-2048  AgBr.     Br  =  31-30. 

CgHj^OgNgBr  requires  Br  =  30-86  per  cent. 

Réduction  of  2)-Bromonitrodimethyl--ç-toluidine. 

This  opération  was  conveniently  carried  out  with  tin  and  hydro- 
chloric  acid,  the  tin  removed,  and  the  diamine  isolated  in  the  form  of 
its  acetyl  derivative.  This  substance,  when  crystallised  from  alcohol, 
separated  in  woolly  crystals  melting  at  163°;  it  did  not  depress  the 
melting  point  of  the  acetyl  derivative  obtained  by  the  alternative 
method  of  préparation  (see  page  948). 

0-2067  gave  0-1433  AgBr.     Br  -  29-52. 

CiiHi^ONoBr  requires  Br=  29-49  per  cent. 

2-£enzenesul2)honyl-5-bromo-a,s{i:)-dimethi/l-2  :  ^-diaminotoluene  was 
prepared  from  the  two  spécimens  of  5-bromo-«s(4)-dimethyl-2 :4-diamino- 
toluene  obtained  by  the  foregoing  alternative  methods.  The  products, 
when  crystallised  from  alcohol  and  water,  each  melted  at  178 — 179°, 
and  a  mixture  of  the  two  had  the  same  melting  point. 

2-Benzo>/l-5-bromo-as{i)-dii)tethyl-2  :  i-diamiïiotoluene  was  obtained 
from  both  prepai-ations  of  the  brominated  diamine  ;  the  two  spécimens 
melted  at  177 — 178°,  and  a  mixture  of  the  two  in  equal  proportions 
had  the  same  melting  point. 

5-£romo-2  :  i-tolylenediam  i  ne. 

(i)  Prejmration  from  ^-Bromo-i-nitro-o-toluidine. 

One  part  of  5-bromo-o-toluidine  dissolved  in  5  parts  of  cold  concen- 
trated sulphuric  acid  Avas  sloAvly  treated  with  a  molecular  proportion 
of  nitric  acid  (sp.  gr.  1*42),  also  dissolved  in  the  same  médium,  the 
température  of  the  liquid  being  kept  beloAv  3°.     After  1  hour,  the 
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product  was  poured  into  water,  the  mixture  neutralised,  the  precipi- 
tated  nitro-compound  recrystallised  from  alcohol,  and  obtained  in 
yellow  crystals  melting  at  118°. 

The  nitro-base  was  reduced  with  iron  filings  and  acidified  water 
(HCl),  the  product  neutralised  with  sodium  carbonate,  and  the  result- 
ing  diamine  extracted  with  ether.  This  base,  which  crystallises  from 
light  petroleum  (b.  p.  80 — 100°),  was  obtained  in  lustrons  needles  and 
melted  with  décomposition  at  104 — 107°. 


(ii)  Préparation  from  the  Acyl  Berivatives  oj  Tohjlene-2  :  i-diamine. 

Dibenzoyltolylene-2  :  4-diamine,  prepared  fiom  the  diamine  by  the 
Schotten-Baumann  reaction,  was  dissolved  in  glacial  acetic  acid  and 
treated  with  bromine  (1  mol.)  diluted  with  the  same  solvent.  The 
brominated  product,  when  recrystallised  from  alcohol,  was  boiled  for 
several  hours  with  alcoholic  hydrocbloric  acid,  the  solution  being  kept 
saturated  by  passing  in  dry  hydrogen  chloride.  The  product,  when 
evaporated  and  rendered  alkaline,  yielded  a  small  amount  of  lustrons 
needles  melting  at  104 — 107°  and  giving  an  acetyl  derivative  melting 
at  254°,  The  hydrolysis  was  rendered  more  complète  by  repeating  the 
experiment  under  pressure  at  140°. 

The  base  was  more  readily  obtained  from  diacetyltolylene-2  : 4- 
diamine  by  the  foregoing  process  ;  when  recrystallised,  it  also  decom- 
posed  indefinitely  at  104—107°. 


(iii)  Préparation  from  m-Bromotohcene. 

?rt-Bromotoluene  was  readily  obtained  by  treating  an  alcoholic  solu- 
tion of  3-bromo-^:»-toluidine  sulphate  with  ethyl  nitrite  and  gradually 
heating  the  mixture  to  boiling  (compare  Wroblewski,  Annalen,  1873, 
168,  153).  The  brominated  hydrocarbon  obtained  after  evaporating 
olï  the  solvent  and  distilling  in  steam  was  suspended  in  cold  concen- 
trated  sulphuric  acid  and  nitrated  with  concentrated  nitric  acid 
(2|  mois.)  mixed  with  3  volumes  of  sulphuric  acid.  The  dinitro- 
compound,  when  reduced  with  tin  and  hydrocbloric  acid,  yielded 
5-bromo-2  : 4-tolylenediamine,  which,  when  crystallised  from  light 
petroleum,  separated  in  fine  needles  melting  at  104 — 107°  and  yielded 
an  acetyl  derivative  melting  at  254°.  Thèse  préparations  did  not 
depi-ess  the  melting  points  of  those  obtained  by  the  preceding 
method. 

Thèse  results  show  that  the  same  bromodiamine  is  obtained  by  the 
three  différent  methods  of  préparation  ;  its  orientation  was  determined 
by  dissolving  it  in  hydrobromic  acid  at  80°  in  the  présence  of  cuprous 
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bromide  and  adding  the  calculated  amount  of  sodium  nitrite.  The 
product,  when  distilled  in  steam,  gave  2  :4  : 5-tribromotoluene  (m.  p. 
111°). 

Bromination  of  i-Nitro-o-toluidine. 

In  tbe  varions  attempts  made  to  détermine  the  relative  positions  of 
the  substituents  of  5-bromo  as(4)-dimethyl-2  :  4-diaminotoluene,  the 
bromination  of  4-nitro-o-toluidine  was  studied  in  the  hope  that  a  niono- 
bromo-derivative  would  be  obtained  identical  with  the  product  of  the 
nitration  of  5-bromo-o-toluidine,  their  identity  fixing  the  relative 
positions  of  the  bromine  and  nitroxyl  constituents.  However,  on 
treating  4-nitro-o-toluidine  with  bromine  in  glacial  acetic  acid  diluting 
the  product  with  ice-water,  and  neutralising  with  sodium  carbonate,  a 
siibstance  was  obtained  which,  when  crystallised  from  alcohol,  melted 
at  103°,  and  was  therefore  not  identical  with  5-bromo-4-nitro-o  toluidine 
(m.  p.  118°). 

Analysis  showed  that  thenew  base  was  a  dibromo-4-nitro-o-toluidine, 
CH3-C6ÏÏBr,,(N02)-NH2. 

0-3307  gave  0-4000  AgBr.     Br  =  51'47. 

CyHgOoNoBro  requires  Br  =  51*58  per  cent. 

This  dibromo-base  withstands  to  a  remarkable  extent  the  action  of 
diazotising  agents,  nitrous  acid,  and  amyl  nitrite  in  the  présence  of  a 
minerai  acid,  leaving  it  practically  unaffected. 

Royal  Collège  of  Science,  London, 
South  Kensington,  S.W. 


XCIX. — The  Action  of  Hypohromous  Acid  on  Piperazine. 

By  Frederick  Daniel  Chattaway  and  William  Henry  Lewis. 

The  ^V-dichloro-derivative  of  piperazine  w<js  obtained  some  years  ago  by 
Schmidt  and  Wichman  {Ber.,  1891,  24,  3237),  who  also  obtained,  by 
the  action  of  bromine  water  on  the  base,  a  substance  which  they 
regarded  as  the  corresponding  i\"-dibromopiperazine.  The  properties 
of  this  compound,  however,  were  so  dissimilar  both  to  those  of  the 
chlorine  derivative  and  to  those  of  ail  compounds  known  to  contain 
bromine  attached  to  nitrogen  that  the  constitution  assigned  to  it 
appeared  improbable.  The  action  of  hypohromous  acid  on  piperazine 
has  therefore  been  studied,  as  this  in  most  cases  replaces  amino-  or 
imino-hydrogen  immediately  by  bromine.     The  action  of  hypohromous 
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acid  on  piperazine  is  somewhat  exceptional,  as  the  additive  compound 
which  lias  been  assumed  to  be  formed  in  other  cases  where  this 
reagent  acts  on  bases  is  bere  unusually  stable.  The  compound 
obtained  in  the  first  instance  appears  to  be  an  additive  product  of 
two  molécules  of  hypobromous  acid  to  one  molécule  of  the  base  ; 
this,  however,  by  libération  of  water  undergoes  a  partial  conversion 
into  the  iV-dibromopiperazine,  which,  unlike  most  other  compounds  of 
this  type,  is  able  itself  to  combine  with  two  molécules  of  hypobromous 
acid.  The  substance  obtained  by  the  action  of  excess  of  hypobromous 
acid  on  piperazine,  and  which  probably  is  similar  to,  if  not  identical 
with,  that  obtained  by  Schmidt  and  Wichman,  is  consequently  a 
mixture  of  hypobromous  acid  additive  products  of  piperazine  itself  and 
of  i\^-dibromopiperazine. 

iY-Dibromopiperazine  can  be  obtained  from  this  intermediate  mixed 
additive  product  by  the  action  either  of  dilute  alkali  hydroxide  or 
of  piperazine  ;  it  resembles  in  properties  the  iY-dichloro-derivative 
obtained  by  Schmidt  and  Wichman,  and  also  other  similarly  consti- 
tuted  ^A-bromo-derivatives.  It  is  dangerously  explosive.  iV-Di- 
bromopiperazine  diiïers,  however,  from  most  other  compounds  of  this 
type  in  that  it  is  able  on  treatment  with  excess  of  hypobromous  acid 
to  combine  with  two  molécules  of  the  acid  to  form  a  comparatively 
stable  additive  compound  ;  the  actions  may  be  represented  as  follows  : 

^^2  ^^2  Br/      \CH,-CH/       \Br 

BrN<l:^2^fi2>NBr     -->        Br^N<  >N/-Br 

^^^CH.  ^y     \CH,-Ch/    \Br 


Action  of  HyiJohroTiious  Acid  on  Piperazine. 

On  adding  a  dilute  aqueous  solution  of  piperazine  to  an  excess  of  a 
cooled  solution  of  hypobromous  acid  containing  no  free  bromine,  a 
pale  yellow  solid  at  once  séparâtes,  which,  on  filtering  off,  pressing 
between  filter-paper,  and  rapidly  drying  in  a  vacuum  over  phosphoric 
oxide,  is  obtained  as  a  soft,  yellow,  amorphous  powder.  This  product 
cannot  be  recrystallised,  as  it  does  not  dissolve  without  décomposition 
in  ordinary  solvents.  When  warmed  with  chloroform  or  acetic  acid, 
although  a  part  goes  into  solution,  it  is  obviously  with  considérable 
décomposition,  and  bromine  is  freely  evolved.  Even  in  a  vacuum  over 
phosphoric  oxide,  it  décomposes  slowly,  bromine  being  liberated.  On 
heating,  it  décomposes  explosively  at  about  72°  without  previously 
melting.     A  weighed  quantity  of  a  spécimen  prepared  as  above  and 
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dtied  over  phosphoric  oxide  for  two  hours  was  added  to  acetic  acid  con- 
taining  an  excess  of  potassium  iodide  ;  it  slovvly  dissolved  and  iodine 
was  liberated,  which  was  titi\ated  with  standard  sodium  thiosulphate, 
the  total  bromine  beiug  estimated  in  another  portion  by  Carias' 
method. 

0-2942  liberated  1  =  31-9  ce.  iV/lO  I.  Br  as  NBr,HOBr  or  iBr  as 
Br2  =  43-35. 

0-4793  yielded  0-7210  AgBr.     Total  Br  =  64-02  per  cent. 

Thèse  results  and  the  fact  that  the  substance  when  treated  with 
dilate  potassium  hydroxide  yields  a  pale  yellow  solution  containing 
potassium  hypobromite,  potassium  bromide,  and  piperazine,  whilst 
iF-dibromopiperazine  is  formed,  as  well  as  the  circumstance  that  it 
varies  considerably  in  composition  according  to  the  length  of  time 
taken  in  its  préparation  and  drying,  seem  to  show  that  this  yellow 
substance  is  not  a  single  individual,  but  a  mixture  of  additive  products 
of  bromine  and  hypobromous  acid  with  piperazine,  the  aminohydrogen 
of  which  has  been  partially  replaced  by  halogen.  It  agrées  in  pro- 
perties  with  the  compound  obtained  by  Schmidt  and  Wichman  by  the 
action  of  bromine  water  on  piperazine,  and  is  probably,  if  not 
idenlical,  very  similar  in  composition  to  that  substance. 

'R - Dihromojnjierazine  {Diethylenedibromodiariiine), 

This  compound  can  be  ol)tained  from  the  yellow  additive  produet 
previously  described  by  the  action  of  either  dilate  potassium  hydroxide 
or  an  aqueous  solution  of  piperazine. 

On  suspending  the  yellow  substance  in  a  2  per  cent,  solution  of 
potassium  hydroxide,  its  colour  changes  to  a  much  paler  yellow,  and  if 
chloroform  is  added  the  solid  now  dissolves  easily.  On  separating  the 
chloroform  solution  and  driving  off  the  solvent,  iT-dibromopiperazine 
is  lef t,  whilst  the  aqueous  alkaline  residue  is  found  to  contain  potassium 
hypobromite  and  bromide  together  with  piperazine  and  a  very  small 
quantity  of  ethylenediamine. 

A  better  yield  is  obtained  by  using,  instead  of  potassium  hydroxide, 
a  weak  aqueous  solution  of  piperazine  itself,  the  following  procédure 
giving  a  very  satisfactory  resiilt.  The  yellow  moist  solid  filtered 
fiom  the  excess  of  hypobromous  acid  used  in  its  préparation  was 
suspended  in  water  and  placed  in  a  separating  funnel  with  a  small 
quantity  of  chloroform.  An  aqueous  solution  of  piperazine  was 
then  slovvly  added,  f-haking  vigorously  aftcr  each  addition.  The 
insoluble    yellow    substance    gradually    passed   into  solution  and    the 
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cliloroform  became  yellow,  When  ail  the  solid  had  disappeared,  the 
chloroform  containing  the  dissolved  iV-dibromopiperazine  was  separ- 
ated,  dried  over  calcium  chloride,  and  the  solvant  diiven  off  in  a 
carrent  of  dry  air.  j\^-Dibromopiperazine  was  left  as  a  beautif uliy  crys- 
talUne  yellow  solid  ;  it  was  then  repeatedly  crystallised  from  a  mixture 
of  chlorofoi^m  and  a  little  petroleum.  It  is  readily  soluble  in  chloro- 
form and  acetic  acid,  sparingly  so  in  petroleum,  and  crystallises  from 
the  former  in  yellow,  transparent,  short,  flattened  prisms.  When 
heated  to  79 — 80°,  it  explodes  with  great  violence  without  previously 
raelting.  The  explosion  of  even  a  very  small  quantity  in  a  capillary 
tube  may  be  dangerous,  and  on  several  occasions  shattered  a  small 
beaker  containing  oil  in  which  the  tube  was  being  heated.  It  was 
analysed  by  the  iodometric  method  in  acetic  acid. 

0-2936  liberated  I  =  48-1  ce.  iV/10  I.     Br  as  NBr  =  65-49. 
BrN:[CH2-CH2]2:NBr  requires  Br  as  NBr  =  65-52  per  cent. 

The  action  of  piperazine  as  well  as  of  potassium  hydroxide  on  the 
yellow  additive  product  is  accompanied  by  a  slight  décomposition  of 
the  base  and  the  formation  of  a  small  quantity  of  ethylenediamine. 
This  was  shown  by  shaking  the  liquid  remaining  after  the  séparation 
of  the  chloroform  solution  of  iV-dibromopiperazine  with  an  excess  of  a 
solution  of  hypobi-omous  acid.  In  addition  to  a  large  quantity  of  the 
previously  described  additive  product,  a  small  quantity  of  ethylene- 
tetrabromodiamine  (Chattaway,  this  vol.,  pp.  37,  382)  was  formed  and 
could  be  extracted  by  chloroform.  On  evaporating  off  the  chloroform 
and  recrystallising  the  red,  crystalline  residue  several  times,  charac- 
teristic  orange-red  prisms  of  ethylenetetrabromodiamine  were  obtained 
which  melted  at  62°  and  exploded  violently  a  few  degrees  higher. 
Its  identity  was  established  by  an  analysis. 

0-1962  liberated  1  =  41-5  ce.  A710  I.     Br  as  NBr  =  84-56. 
C2H^NoBr^  i-equires  Br  as  NBr  =  85-07  per  cent. 

Action  of  Ilupobrojnous  Acid  on  ^-DihromopijMrazine. 

^^-Dibromopiperazine  unités  at  once  with  hypobromous  acid  to 
produce  a  comparatively  stable  additive  product.  A  quantity  of 
iV-dibromopiperazine  was  dissolved  in  chloroform  and  the  solution 
shaken  with  a  well-cooled  solution  of  hypobromous  acid  free  from 
bromine  ;  a  yellow  solid,  insoluble  in  water  or  chloroform,  at  once 
separated.  This  was  filtered  olï,  and  after  thoroughly  washing  with 
water  and  chloroform  was  pressed  between  filter-paper  and  dried  for 
two  hours  over  phosphoric  oxide  in  a  vacuum.  A  soft,  amorphous, 
yellow    powder  was  obtained  somewhat   darker  in  colour  than  that 
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obt:iiDed  from  piperazine,  but  otherwise  much  resembling  it  in  ap- 
pearance  and  properties.  It  was  not  soluble  in  ordinary  solvents 
without  décomposition  and  libération  of  bromine,  and  although  it  did 
not  undergo  any  noticeable  immédiate  change  while  drying,  when 
kept  in  a  vacuum  over  phosphoric  oxide  for  a  few  hours  a  sligbt 
libération  of  bromine  occurred.  On  suspending  it  in  a  dilute  solution 
of  potassium  hydroxide,  iV'dibromopiperazine  was  regenerated  and  a 
solution  coataiuing  potassium  hypobromite  obtained.  On  heating,  it 
decomposed  explosively,  without  previously  melting,  at  about  72°. 

0-2133  liberated  1  =  38-3  ce.  .\710  I.  Br  as  NBr,HOBr  or  ^Bv  as 
Br.  =  71-8. 

Ô-2700  yielded  0-4818  AgBr.     Total  Br  =  75-94. 
BrN:[CH2CH2]2:NBr,2HOBr  requires  total    Br    (ail   as  NBr  and  as 
HOBr)  =73-02  per  cent. 

Owing  to  the  ease  with  which  the  compound  is  decomposed  with 
libération  of  bromine,  very  exact  analytical  numbers  could  not  be 
expected. 

The  total  bromine  obtained  by  Carius'  method  is  somewhat  higher 
than  that  obtained  by  titration,  and  seems  to  indicate  that  the  hypo- 
bi-omous  acid  additive  product  is  mixed  with  a  small  amount  of  a  bromine 
additive  product  or  that  substitution  bas  taken  place  to  a  slight 
extent,  the  former  being  the  most  probable  alternative. 

The  mode  of  formation  of  the  compound,  however,  and  the  fact  that 
by  the  action  of  potassium  hydroxide,  ^A^-dibromopiperazine  and 
potassium  hypobromite  are  obtained  point  to  the  formula 

BrN:[CH2CH2].,:NBr,2HOBr 
being  correct  and  to  the  compound  beiug  an  additive  product  of  two 
molécules  of  hypobromous  acid  to  a  molécule  of  i\^-dibromopiperazine. 

St.  Bartholomew's  Hospital  and  Collège, 
london,  e.c. 


C. — Tetramethylammonium  Hydroxide. 

By  James  Walker  and  John  Joiinston,  Carnegie  Research  Schohir. 

It  is  remarkable  that,  notwithstanding  the  interesting  properties 
displayed  by  the  teti-alkylammonium  hydroxides,  the  fi-ee  bases  hâve 
never  been  isolated  in  any  definite  form,  and  that  nearly  ail  experi- 
ments  in  which  they  bave  played  a  part  bave  been  conducted  with  the 
crude  solutions  obtained   by  the  action  of  moist  silver  oxide  ou  the 
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solution  of  the  corresponding  iodide.  It  is,  of  course,  well  knoWn  tliat 
such  a  solution  on  evaporation  in  a  vacuum  yields  a  crystalline  mass, 
but  no  attempt  seems  to  hâve  been  made  to  separate  the  crystals  in  a 
form  suitable  for  analysis,  Victor  Meyer  and  Jacobson,  in  their 
Lehrhuch  der  organischen  Chemie,  say  on  the  subject  :  *'  Es  darf  nicht 
unerwiihnt  bleiben,  dass  Analysen  der  freien  Hydroxyde  bislang  nicht 
vorliegen,  dass  demnach  die  Annahme  einer  Hydroxylgruppe  vorlaufig 
noch  eine  durch  das  Verhalten  der  Basen  freilich  sehr  wahrscheinlich 
gemaehte  Hypothèse  einschliesst."  In  the  présent  paper,  the  isolation 
of  several  hydrates  of  tetramethylammonium  hydroxide  is  described, 
together  with  a  new  method  for  the  préparation  of  this  and  similar 
compounds. 

One  occasionally  finds  statements  in  text-books  and  in  original 
memoirs  drawing  attention  to  the  great  stability  of  the  salts  of 
tetralkylammonium  hydroxides  and  to  the  great  strength  of  the  bases 
themselves,  and  referring  the  impossibility  of  separating  the  hydroxides 
from  their  salts  by  means  of  caustic  alkali  to  one  or  other  of  thèse 
causes.  That  the  hydroxides  cannot  be  liberated  from  their  salts  in 
this  way  has  little  to  do  with  either  the  stability  of  the  salts  or  with 
the  affinity  of  the  bases  themselves,  but  in  reality  dépends  on  the 
relative  solubility  (or  volatility)  of  the  reacting  substances.  It  is 
strange  that  this  erroneous  conception  should  hâve  persisted  so  long,  or 
even  that  it  should  hâve  arisen,  for  Hofmann  is  perfectly  clear  and 
explicit  about  the  point  in  his  original  paper  describing  the  first  of 
thèse  bases  {Annalen,  1851,  78,  266). 

Practically  the  préparation  of  tetramethylammonium  hydroxide 
fiom  its  salts  résolves  itself  into  a  question  of  solubility  as  follows. 
In  gênerai,  the  équation 

NMe.X  +  MOH  =  NMe.OH  4  MX 

will  represent  a  real  action  proceeding  nearly  to  completion  if  M,  X, 
and  the  solvent  are  so  chosen  that  ail  the  svibstances  except  MX  shall 
be  soluble,  or  at  least  that  MX  shall  be  much  less  soluble  than  either 
of  the  original  reacting  substances.  This  principle  was  applied  by 
Hofmann  in  his  préparations  with  water  as  solvent.  For  M  and  X 
he  chose  either  the  pair  Ag,ï«or  BajSO^,  in  both  of  which  cases  MX  is 
practically  insoluble  in  water. 

It  is  clear  that  if  the  gênerai  application  of  the  above  principle  is 
justifiable,  tetramethylammonium  hydroxide  may  be  prepared  from  a 
tetramethylammonium  sait  by  means  of  potassium  hydroxide  if  we 
so  choose  X  and  the  solvent  that  of  the  substances  represented 
in  the  équation 

NMe^X  +  KOH  =  NMe^OH  +  KX 

ail  shall  be  soluble  except   KX.     The   condition  is  fulfilled  if  X  is  Cî 
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and  methyl  or  ethyl  alcohol  the  solvent,  for  telrametbylaiximouium 
chloride  and  hydroxide,  as  well  as  potassium  hydroxide,  are  ail  soluble 
in  either  solvent,  whilst  potassium  chloride  is  almost  insoluble. 

It  was  found  that  a  cold  concentrated  solution  of  tetramethyl- 
ammonium  chloride  in  methyl  alcohol,  when  mixed  wilh  a  similar 
solution  of  caustic  potash  in  the  same  solvent,  yielded  at  once  a 
copions  precipitate  of  potassium  chloride,  the  action  being  accompanied 
by  disengagement  of  beat.  When  the  precipitate  of  potassium 
chloride  had  been  removed  by  filtration,  the  solution  was  found  to 
contain  tetramethylammonium  hydroxide,  with  only  a  trace  of 
chloride  or  of  carbonate  when  the  reacting  substances  were  pure  ajid 
in  équivalent  proportions. 

The  same  reaction  takes  place  when  ethyl  alcohol  is  used  as  solvent, 
and  indeed  yields  a  product  containing  eveu  less  chloride,  owing  to 
the  smaller  solubility  of  potassium  chloride  in  ethyl  than  in  methyl 
alcohol.  This  advantage,  however,  is  counterbalanced  by  the  draw- 
back  that  the  alcohol  is  discoloured  by  the  strongly  alkaline  solutions, 
and  yields  a  somewhat  coloui-ed  hydi'oxide.  It  is  inadvisable  to 
employ  either  sodium  hydroxide  or  tetramethylammonium  iodide  in 
the  reaction,  as  the  sodium  salts  are  more  soluble  in  alcohol  than  the 
potassium  salts  and  the  alkaline  iodides  more  soluble  than  the  corre- 
sjjonding  chlorides. 

The  isolation  of  the  hydroxide  from  the  alcoholic  solution  was  at 
first  attended  with  considérable  difficulty.  "When  the  solution  is 
subjected  to  distillation  under  diminished  pressure,  the  alcohol  at 
first  évaporâtes  at  a  low  température,  but  as  the  solution  becomes 
more  concentrated,  the  temperatui-e  of  the  liquid  must  be  raised, 
until  eventually  at  about  50°  the  tetramethylammonium  hydroxide 
in  the  solution  begins  to  décompose  into  trimethylamine  and  methyl 
alcohol.  If  the  opération  is  stopped  at  this  point,  the  liquid 
contains  about  half  its  weight  of  hydroxide,  and  the  syrupy  solution 
on  cooling  deposits  some  crystals  which,  however,  are  difficult  to 
remove,  and  are  contaminated  with  chloride.  A  crop  of  crystals 
obtained  from  such  a  solution  seemed  to  contain  methyl  alcohol  of 
crystallisation,  the  composition  being  represented  approximately  by 
the  formula  NMe^OH,2CH30H.  It  was  found  that  the  séparation 
of  the  tetramethylammonium  hydroxide  could  be  most  easily  effected 
by  the  addition  of  a  sulficient  quantity  of  water  to  permit  of  the 
formation  of  a  crystalline  hydrate.  The  mode  of  opération  may  be 
illustrated  by  the  account  of  a  prepai\ation  made  when  the  conditions 
had  been  determined  with  some  accuracy. 

Forty  grams  of  pure  dry  tetramethylammonium  chloride,  in  a  sample 
of  which  the  chlorine  had  been  accurately  estimated  by  titration,  were 
dissolved  in  80  ce.  of  absolute  methyl  alcohol  ;    a   filtered   solution  of 


958  WALKER   AND   JOHNSTON  : 

potassium  hydroxide  in  methyl  alcobol  had  previously  been  prepared, 
and  its  concentration  determined  by  the  titration  of  a  known  weight 
with  acid.  Of  this  solution,  83"8  grams  containing  20*4  grams  of 
potassium  hydroxide  were  mixed  with  the  solution  of  tetramethylam- 
monium  chloride.  A  white  precipitate  at  once  separated,  and  was 
filtered  off  after  the  mixture  had  remained  for  H  hoursatthe  ordinary 
température.  The  mixing  and  filtration  were  carried  out  in  a  case 
with  glass  top  and  back,  which  contained  quicklime  and  was  furnished 
with  holes  in  movable  slides  for  the  réception  of  the  hands.  By  the 
use  of  this  case,  contamination  by  carbon  dioxide  was  reduced  to 
a  minimum.  For  the  filtration,  a  Buchner  filter  with  very  slight 
suction  was  employed,  and  the  precipitate  was  washed  with  a  few  ce. 
of  methyl  alcohol.  To  the  clear  filtrate  were  now  added  45  ce.  of 
water,  and  the  liquid  was  subjected  to  distillation  under  reduced 
pressure  from  a  water-bath  at  35°.  After  2  hours,  the  distillation  was 
interrupted,  and  a  sample  of  the  remaining  solution  removed  for 
analysis.  It  was  found  that  0*53  gram  of  the  solution  contained 
0"19  gram  of  tetramethylammonium  hydroxide,  and  that  90  grams  of 
distillate  contained  30  grams  of  water.  No  odour  of  ti'imethylamine 
was  perceptible.  To  the  solution,  35  grams  of  water  were  added,  and 
the  distillation  was  continued  for  1  hour,  The  solution,  which  weighed 
77  grams,  was  now  practically  free  from  methyl  alcohol,  and  titra- 
tion of  a  weighed  sample  showed  that  it  contained  30  grams  of  tetra- 
methylammonium hydroxide,  the  theoretical  yield  being  32 '4  grams. 
The  solution,  which  had  no  odour  of  trimethy lamine,  was  then  trans- 
ferred  to  a  glass  crystallising  dish  with  ground  overlapping  lid.  On 
cooling,  it  partially  crystallised,  and  15  grams  of  a  crystalline  hydrate 
were  filtered  off.  After  the  filtrate  had  remained  for  some  days  in  a 
desiccator,  15  grams  more  of  the  same  hydrate  were  deposited.  Both 
the  first  and  second  crops  of  crystals  were  free  from  chloride  and  from 
carbonate,  and  left  no  residue  on  ignition.  The  mother  liquor,  on 
continued  evapoivation,  deposited  fuither  quantities  of  crystals,  but 
thèse  were  not  quite  so  pure. 

The  crystalline   hydrate  yielded  the  following   results   on   titration 
and  combustion  : 

0-176  gram  contained  0-0S9  gram  of  anhydrovis  NMe^OH  =  50-6. 
0-091     „  „  0-046  „  „  NMe^OH  =  50-5. 

NMe^OH  in  NMe4OH,5H2O  =  50-3  per  cent. 
0-3570  gave  24-9  ce  moist  nitrogen  at  15°  and  748  mm.     N  =  8-0. 
0-1860     „     0-1822  COo  and  0-2085  HgO.     0  =  26-7  ;  H  =  12-5. 
NMe40H,5H20  requires  0  =  265  ;  H=  12-7  ;  N  =  7-7  per  cent. 

Tbe  crystals  thus  consisted  of   a  pentahydrate  of  tetramethylam- 
monium hydroxide.      When  slowly  deposited,  the  pentahydrate  forms 
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long,  interlacing  needles,  which  are  excessively  hygroscopic  and 
extremely  avid  of  carbon  dioxide.  As  far  as  possible,  therefore,  ail  opéra- 
tions involving  the  transference  of  it  or  of  any  other  hydrate  were 
carried  out  over  quicklime  inside  the  above-mentioned  case.  The  penta- 
hydrate  fuses  at  62 — 63°  without  the  odour  of  trimethylamine  being 
perceptible.  In  a  desiccator  over  quicklime  or  phosphoric  oxide,  the 
pentahydrate  slowly  loses  water  at  the  ordinary  température  and  pres- 
sure, the  change  being  visible  by  the  efilorescence  of  the  crystals  ;  in 
vacuo,  the  dehydratioii  is  much  more  rapid.  Measm-ements  of  the 
vapour  pressure  of  the  pentahydrate  in  a  Frowein  diiïerential  tensi- 
meter  resulted  as  follows  : 


Temp. 

8° 

15°      25°      35' 

40°       45°       50°      55°       58° 

Mm.  bromonaphtlialejie 

2 

4       6-5        14 

21         32        44        65        85 

,,     mercury       

0-21 

0-43    0-7       1-5 

2-3      3  5      4-8       7-0       9-2 

The  pentahydrate  is 

very 

soluble  in  water,  as  the  following  figures 

show  : 

Parts  of 

Parts  of 

pentahydrate 

tetramethylnnimonium 

dissolved  by 

hydroxidc  iu 

100  parts 

100  parts 

Temp. 

of  water. 

of  sohition. 

0° 

151 

30 

15 

220 

34-6 

63 

00 

50-3 

The  beat  of  solution  of  the  pentahydrate  in  30  parts  of  water  was 
found  in  two  experiments  to  be  —2120  and  -2170  cal.  for  the  gram- 
molecule. 

When  the  pentahydrate  is  dehydrated  at  températures  above  40° 
but  below  60°,  it  partially  liquéfies  after  a  time,  but,  as  dehydration 
proceeds,  solidification  again  takes  place.  In  this  respect,  the  dehydra- 
tion resembles  that  of  the  hexahydrate  of  ferrie  chloride  between  30° 
and  32°.  By  careful  dehydration  at  a  comparatively  low  température, 
a  trihydrate  may  be  prepared  apparently  identical  with  a  crystalline 
hydrate  which  separated,  on  cooling,  from  the  mother  liquors  of  a 
pentahydrate  crystallisation  which  had  been  concentrated  further 
in  vacuo.  Analysis  of  the  latter  prepai-ation  yielded  the  following 
results  : 

0-148  required  10-35  ce.  iV/10  HCl  for  neutralisation.  Anhydrous 
base  =  63-6  ;  NMe40H,3H20  requires  62-8  per  cent. 

0-0956  gave  0-1153  COo  and  0-1134  H2O.     0  =  32-9;  H  =  13-2. 
NMe,OH,3HoO  requires  0  =  33-1  ;  H  =  13-1  per  cent. 

The  trihydrate  melts  at  59—60°  and  bas  a  vapour  pressure  much 
lower  than  that  of  the  pentahydrate,  a  pressure  of  1  mm.  of  mercurjr 
being  reached  at  about  45°, 
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Deliydi'ation  of  the  pentahydrate  for  four  days  at  35°  and  under 
18  mm.  pressure  yielded  a  solid  having  the  composition  of  the  mono- 
hydrate, NMe^OHjHoO,  when  determined  by  titration.  This  mono- 
hydrate lost  no  water  on  being  heated  under  the  same  conditions  for 
five  days  longer.  It  decomposed  without  melting  at  130 — 135°  with 
formation  of  trimethylamine,  and  dissolved  somewhat  slowly  in  Avater 
with  évolution  of  heat.  Experiments  on  dehydration  by  means  of 
quicklime  and  phosphoric  oxide  were  conducted  in  sealed  tubes  evacuated 
by  means  of  the  mercury  pump,  but  in  no  case  was  the  anhydrous 
substance  fortned.  Even  if  the  dehydration  were  pushed  to  the  point 
of  décomposition,  the  residue  always  gave,  on  titration,  numbers  which 
corresponded  closely  with  the  formula  NMe^OHjHgO.  Two  such  tubes, 
allowed  to  remain  for  a  year  and  a  half  at  the  ordinary  température, 
gave  solids  which  had  the  composition  NMe^OH,l-lH.,0  and 
NMe^OHjl'SHgO  respectively.  It  is  thus  apparently  impossible  to 
obtain  tetramethylammonium  hydroxide  in  the  anhydrous  state,  as 
the  monohydrate  décomposes  with  formation  of  trimethylamine  before 
a  température  is  reached  at  Avhich  it  has  a  perceptible  vapeur  pressure 
of  water. 

As  the  amount  of  water  in  the  hydrates  was  usually  and  most 
conveniently  estimated  by  deducting  from  the  weight  of  hydrate  the 
amount  of  anhydrous  hydroxide  determined  by  titration  with  acid, 
some  direct  experiments  were  made  to  check  the  indirect  method.  A 
weighed  quantity  of  hydrate  was  placed  in  the  closed  end  of  a  long, 
narrow,  glass  tube,  and  was  covered  with  a  long  layer  of  quicklime. 
The  tube  and  its  contents  were  weighed  and  attached  by  the  open 
end  to  a  soda-lime  tube  to  protect  the  quicklime.  The  hydrate  was 
then  gradually  heated  to  the  température  of  décomposition  of  the 
hydroxide,  the  trimethylamine  and  methyl  alcohol  escaping  in  the 
form  of  vapour.  The  increase  in  weight  of  the  tube  and  quicklime 
was  equal  to  the  weight  of  the  water  in  the  hydroxide.  The  method 
gave  results  in  exact  accordance  with  the  indirect  method  by  titration. 
For  example,  crystals  found  by  titx-ation  to  contain  467  per  cent,  of 
water  gave  46*5  per  cent,  by  the  direct  method. 

In  the  proportion  of  water  in  its  hydrates,  tetramethylammonium 
hydroxide  does  not  correspond  with  the  inorganic  alkali  hydroxides,  at 
least,  as  far  as  the  hydrates  stable  at  the  ordinary  température  are 
concerned,  except  in  the  case  of  the  monohydrate.  Complex  quaternary 
bases  (those,  for  example,  derived  from  some  alkaloids)  are,  however, 
known  to  exist  as  pentahydrates,  in  this  respect  resembling  tetramethyl- 
ammonium hydroxide. 

An  estimation  of  the  strength  of  the  base  by  means  of  the  velocity 
of  saponification  of  niethyl  acétate  in  A/80  solution  showed  that  it  was 
somewhat   weaker  than    sodium    hydroxide.     The    velocity  constants 
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obtained  at  25°  were  OOIOG  and  00115  respectively,  so  that  if  the 
strength  of  sodium  hydroxide  is  represented  as  100,  that  of  tetra- 
methylaminonium  hydroxide,  under  the  above  conditions,  will  be 
represented  by  92. 

The  method  of  préparation  described  in  this  paper  has  been  applied 
to  other  tetralkylammonium  hydroxides,  of  which  it  is  hoped  to  give 
an  account  in  the  near  future.  The  expenses  of  the  research  were 
defrayed  by  a  grant  from  the  Research  Fund  of  the  Society. 

Univeusity  Collège, 
Dundee. 


Cl.—Tetrethylsuccinic  Acid. 

By  James  Walker  and  Annie  Purcell  Walker. 

Crum  Brown  and  Walker  {Annalen,  1893,  274,  51  ;  Tram.  Roy. 
Soc.  Edin.,  1893,  37,  361)  obtained,  by  the  electrolysis  of  the  potass- 
ium ethyl  sait  of  diethylmalonic  acid,  an  oil  which  was  separable  by 
fractional  distillation  into  a  more  volatile  portion  consisting  chiefly  of 
ethyl  ethylcrotonate  and  a  less  volatile  portion,  which,  from  analogy, 
was  expected  to  contain  the  ethyl  ester  of  tetrethylsuccinic  acid.  The 
latter  fraction,  however,  did  not,  on  hydrolysis  with  hydrobromic  acid, 
yield  tetrethylsuccinic  acid,  but  a  neutral  substance,  which  had  the 
composition  and  molecular  weight  of  tetrethylsuccinic  anhydride. 
Owing  to  the  absolute  neutrality  of  this  substance  and  the  résistance 
which  it  olïered  to  the  action  of  alkalis,  it  seemed  scarcely  possible 
that  the  substance  could  be  an  acid  anhydride,  and  it  was  suggested 
that  it  might  conceivably  be  a  dihydroxyfurfuran  derivative  in  which 
ail  the  hydrogen  had  been  replaced  by  ethyl  groups.  The  présent 
investigation  was  undertaken  with  the  consent  of  Professer  Crum 
Brown  in  order  that  the  nature  of  this  neutral  product  might  if 
possible  be  elucidated. 

Potassium  ethyl  diethylmalonate  was  prepared  and  electrolysed,  as 
described  by  Crum  Brown  and  Walker  {loc.  cit.),  and  from  350  grams 
of  ethyl  diethylmalonate,  160  grams  of  the  oily  product  of  electro- 
lysis were  obtained.  For  the  preliminary  séparation  of  the  oil  into  the 
two  fractions,  distillation  in  steani  was  on  this  occasion  employed 
instead  of  distillation  under  the  ordinary  pressure,  in  order  that  the 
décomposition  by  beat  might  as  far  as  possible  be  avoided.  The  less 
volatile  residue  from  the  steam  distillation  weighed  60  grams,  a  some- 
what  larger  proportion  than  that  previously  obtained.  This  was  frac- 
tionally  distilled  under   22   mm.  pressure.     A   small  quantity  boiling 
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below  150°  was  rejected,  and  tlie  remainder  separated  into  three  por- 
tions :  (a)  150—170°,  {b)  the  main  portion  170—180°,  (c)  over  180°. 
Small  quantities  of  each  of  thèse  fractions  were  separately  saponified 
by  an  equal  volume  of  hydrobromic  acid  of  spécifie  gravity  1*78,  with 
which  they  mixed  freely.  The  mixture  contained  in  a  sealed  tube  was 
allowed  to  remain  for  some  hours  at  about  30°  and  then  heated  for  10 
hours  at  110°,  After  cooling,  an  oily  layer  was  found  on  the  surface 
of  the  aqueous  layer  ;  thèse  layers  were  separated  and  the  oil  repeatedly 
washed  with  water,  during  which  process  it  partially  crystallised  in 
the  separating  funnel.  The  crystals  and  oil  were  finally  transferred 
to  a  porcelain  basin  and  heated  on  the  water-bath  in  order  to  expel  the 
ethyl  bromide  f ormed  on  hydrolysis.  On  cooling,  the  liquid  residue  solidi- 
fied  to  a  crystalline  mass,  which,  after  purification,  yielded  a  substance 
melting  at  85°,  and  exhibiting  the  other  properties  of  the  neutral 
compound  previously  obtained,  From  the  main  fraction,  the  weight 
of  crude  crystals  obtained  was  nearly  three-fourths  of  the  weight  of 
oil  taken,  that  is,  approximately  the  weight  of  tetrethylsuccinic 
anhydride  obtainable  by  hydrolysis  from  the  corresponding  diethyl 
ester.  The  remainder  of  this  fraction  was  therefore  again  distilled 
under  reduced  pressure  in  order  to  obtain  the  ester  approximately 
pure  for  analysis  ;  it  practically  ail  boiled  below  175°  under  25  mm. 
pressure,  but  the  température  rose  during  the  entire  distillation. 
The  chief  fraction,  boiling  at  168 — 172°/25  mm.,  was  analysed  with 
the  following  resuit  : 

0-1630  gave  0-4025  COg  and  0-1490  H^O.     0  =  67-32;  H -10-15. 
OjyHgoO^  requires  0  =  67-13  ;  H  =  10-48  per  cent. 

The  oil  had  thus  the  composition  of  the  diethyl  tetrethyhuccinate. 
Since  it  could  not  be  saponified  by  means  of  alkali,  a  détermination  of 
the  number  of  ethoxyl  groups  it  contained  was  made  by  Hewitt  and 
Moore's  modification  of  Zeisel's  method. 

0-1282  gave  0-1906  Agi.     C2ÏÏ50  =  28-5. 

Oi2H2o02(0-OoH.),  requires  C2H^0  =  31-5  per  cent. 

This  resuit  leaves  no  doubt  that  there  are  two  ethoxyl  groups  in  the 
molécule  of  the  ester  examined.  It  was  observed  that  the  neutral 
substance  melting  at  85°  crystallised  from  the  hydriodic  acid  solution 
at  the  termination  of  the  analysis,  crystals  of  the  same  substance  being 
also  found  in  the  cooler  portions  of  the  condensing  tube.  The  ester 
was  found  to  bave  a  sp.  gr.  1-011  at  4°/4°. 

As  the  proportion  of  neutral  substance  obtained  from  the  least  and 
most  volatile  fractions  was  less  than  that  yielded  by  the  main  fraction, 
no  attempt  was  made  to  purify  the  esters  they  contained,  the  whole  of 
the  oil  which  remained  being  hydrolysed  with  f  uming  hydrobromic  acid. 
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The  neutral  substance  which  they  yielded  was  purifiecl  by  recrystallisa- 
tion  from  boiling  ligroia  and  finally  from  bot  methyl  alcohol.  The 
melting  point  of  tbe  pure  substance  was  found  to  be  86''  (corr.),  The 
substance,  when  heated  in  a  test-tube  to  150^,  slowly  vaporises  and 
condenses  in  the  form  of  large  crystals  in  the  cooler  portions  of  the 
tube  ;  at  270°  it  boils  without  décomposition.  From  a  solution  in 
aqueous  alcohol,  the  substance  séparâtes  on  evaporation  of  the  alcohol 
in  extremely  slender  needles  which  sometimes  attain  the  length  of 
several  inches.  The  aqueous  liquid  which  remains  holds  practically 
nothing  in  solution  and  is  absolutely  neutral. 

Notwithstanding  the  neutrality  of  the  substance  and  its  insolubility 
in  aqueous  alkalis  under  ordinary  conditions,  a  set  of  experiments  was 
made  on  the  assumption  that  it  was  the  anhydride  of  tetrethylsuccinic 
acid.  Hince  anhydrides  of  substituted  succinic  acids  react  readily 
with  aniline  in  benzène  solution  (Auwers,  Annalen,  1896,  292,  132), 
a  solution  of  the  neutral  substance  in  benzène  was  left  in  contact  with 
two  équivalents  of  aniline  during  several  days  :  the  substance  was 
recovered  unchanged.  It  was,  however,  attacked  by  aniline  and  by 
toluidine  when  heated  with  thèse  bases  for  several  hoursat  180°.  As  the 
most  characteristic  test  for  the  anhydrides  of  succinic  acid  derivatives  is 
the  production  of  a  fluorescein,  a  portion  of  the  substance  was  heated  for 
one  hour  at  180°  with  resorcinol  and  alittle  freshly-fused  zinc  chloride. 
The  dark  product,  when  treated  with  a  dilute  solution  of  caustic  soda, 
yielded  a  deep  yellowish-red  solution  with  well  marked  green  fluor- 
escence. This  behaviour  afforded  a  strong  indication  that  the  neutral 
substance  was  in  reality  the  anhydride  of  tetrethylsuccinic  acid.  An 
attempt  to  split  the  anhydride  ring  by  means  of  sodium  methoxide  was 
completely  successful.  A  small  quantity  of  the  substance  was  treated 
in  the  cold  with  two  équivalents  of  sodium  dissolved  inabsolute  methyl 
alcohol.  After  the  solution  had  stood  for  several  hours  at  the 
ordinary  température,  the  bulk  of  the  methyl  alcohol  was  evaporated 
olî  on  the  water-bath.  On  addition  of  water,  nearly  ail  passed  into 
solution,  and  the  addition  of  hydrochloric  acid  to  the  aqueous  solution 
produced  an  oily  precipitate,  thus  proving  that  a  portion  of  the 
original  substance  had  been  converted  by  the  action  of  the  sodium 
methoxide  into  the  soluble  sodium  sait  of  an  insoluble  or  sparingly 
soluble  acid.  The  experiment  was  now  repeated  at  the  boiling  point 
of  methyl  alcohol.  After  about  two  hours'  heating,  the  methyl  alcohol 
was  removed  by  evaporation,  the  sait  dissolved  in  water,  acidified,  and 
the  liberated  acid  at  once  extracted  with  ether.  On  evaporation  of  the 
ether,  a  liquid  remained  which  slowly  crystallised  ;  the  crystals  ob- 
tained  melted  at  48°  and  were  completely  soluble  in  dilute  alkali.  A 
détermination  of  the  neutralising  capacity  of  this  acid  substance  gave 
the  following  resuit  : 
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0'095  required  3 '9 8  ce.  i\^/10  baryta  solution  :  the  équivalent  of  the 
acid  was  therefore  240. 

Since  hydrogen  methyl  tetrethylsuccinate  is  a  monobasic  acid  with 
the  équivalent  244,  it  was  évident  that  sodium  methoxide  had  acted 
on  the  anhydride  by  direct  addition,  giving  the  sodium  methyl  sait 
according  to  the  équation 


;gg>0  +  NaO-CH3  =  C,oH3,<^^,Naj 


which  on  acidification  yielded  methyl  hydrogen  tetrethylsuccmale, 

'^io^2o\o02-CH3- 

The  ester  acid  was  found  to  be  practically  insoluble  in  water  and 
excessively  soluble  in  ail  organic  solvents,  from  which  it  invariably 
separated  as  an  oil  which  crystallised  on  long  standing.  From  a 
solution  in  aqueous  alcohol  it  separated  in  the  crystalline  state  on  slow 
evaporation  of  the  alcohol,  but  it  was  found  that  the  crystals  had  no 
sharp  melting  point  and  contained  a  considérable  proportion  of 
anhydride,  to  which  the  methyl  hydrogen  sait  had  reverted  during  the 
process  of  recrystallisation.  Further  attempts  at  the  purification  of 
the  acid  ester  by  recrystallisation  were  therefore  relinquished.  A 
Hewitt-Zeisel  détermination  of  methoxyl  yielded  the  following  results  : 

0-1568  gave  0-1365  Agi.  CHgO^  11-5.  C^^H2i03(0-CH3)  requires 
CH30  =  12-7. 

It  was  again  observed  that  crystals  of  the  anhydride  separated  from 
the  hydriodic  acid  on  cooling. 

When  heated  in  a  melting  point  tube,  methyl  hydrogen  tetrethyl- 
succinate melts  at  46 — 48°,  and  the  liquid  décomposes  slowly  at  100° 
with  évolution  of  gas.  If  the  heating  is  continued  to  120°,  the  décom- 
position is  complète,  and  the  solid  obtained  on  cooling  the  liquid  now 
melts  at  85°.  Above  100°,  then,  methyl  hydrogen  tetrethylsuccinate 
décomposes  into  the  anhydride  and  methyl  alcohol  according  to 
the  équation 

CioH,o<co;?Jh3  =  C,oÏÏ3<^g>0  +  CH3-0H. 

The  remainder  of  the  anhydride  was  now  converted  into  the  sodium 
methyl  sait  by  means  of  sodium  methoxide,  and  expex'iments  were 
undertaken  to  ascertain  the  best  method  for  the  complète  saponifica- 
tion of  the  compound,  It  was  found  that  by  heating  the  sodium 
methyl  sait  with  excess  of  a  20  per  cent,  aqueous  solution  of  caustic 
potash   on  the  water-bath   for  G  hours  a  sait  was  obtained  which,  on 
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acidification,  yielded  a  crystalline  acid  melting  at  about  140°. 
Attempts  to  recrystallise  this  acid  were  at  first  unsuccessful  on 
account  of  the  readiness  with  which  it  reverted  in  solution  to  the 
anhydride  ;  it  was  finally  purified  by  dissolving  in  the  minimum 
amount  of  anhydrous  ether,  in  which  it  is  very  soluble,  and  precipita- 
ting  by  the  addition  of  light  petroleum,  The  acid  purified  in  this  way 
melted  sharply  at  149°  with  évolution  of  gas  (water  vapour),  the 
resolidified  substance  melting  at  86°,  the  fusing  point  of  the 
anhydride. 

0-1052  gave  0-2399  CO.,  aud  00930  H,0.     C  =  62-21  ;  H  =  9-82. 

CjgHoiO^  requires  0  =  62-61  ;  H  =  9-56  per  cent. 
0-0372  lequired  9-82  ce.  iY/SO  caustic  soda  for  neutralisation.     Acid 
équivalent  =  114  ;  équivalent  of  G^q'H.2o{^'^2^)-2'^  •^^^• 

The  acid  has  thus  the  composition  and  neutralising  capacity  of 
tetrethylsuccinic  acid.  It  is  very  soluble  in  ether,  easily  soluble  in 
ethyl  akohol,  less  so  in  methyl  alcohol,  and  sparingly  so  in  light 
petroleum.  In  water  it  is  very  sparingly  soluble,  4000  parts  of  the 
solvent  being  required  to  dissolve  1  part  of  acid  at  25°. 

The  solutions  of  the  alkali  salts  of  tetrethylsuccinic  acid  exhibit  the 
following  peculiarity  in  their  behaviour  towards  phenolphthalein. 
The  aqueous  solution  (although  slightly  alkaline  to  azolitmin)  is 
neutral  to  phenolphthalein  in  the  cold.  On  warming,  however,  the 
solution  to  which  the  phenolphthalein  has  been  added  assumes  a  deep 
pink  colour,  which  disappears  on  cooling.  On  again  warming,  the  colour 
reappears,  and  the  transition  fromcoloured  to  colourless,  and  vice  versa, 
may  be  repeated  indefinitely.  On  account  of  the  increased  hydro- 
lysing  power  of  water  with  rise  of  température,  this  behaviour  is 
a  ])riori  probable  enough,  but  a  similar  investigation  of  a  great  many 
sodium  salts  of  organic  acids  showed  that  the  property  when  noticeable 
at  ail  is  only  feebly  marked,  and  not  in  any  way  to  be  compared  with 
the  striking  changes  shown  by  the  sodium  sait  of  tetrethylsuccinic  acid. 
In  view  of  the  ease  with  which  the  acid  décomposes  into  anhydride 
and  water,  it  was  thought  that  the  phenomena  observed  might  hâve 
their  origin  in  a  réversible  décomposition  favoured  by  rise  of  tempéra- 
ture, but  no  évidence  of  such  a  décomposition  could  be  obtained.  Most 
probably  the  change  of  alkalinity  with  variation  of  température  is  due 
to  the  dissociation  constant  of  the  acid  having  an  unusually  large 
négative  température -coefficient. 

A  3  per  cent,  solution  of  sodium  tetrethylsuccinate  is  not  precipi- 
tated  by  calcium  nitrate  solution  in  the  cold;  a  precipitate  appeirs, 
howevei-,  on  warming.  A  cold  satui-ated  solution  of  the  calcium  sait 
gives,  when  warmed,  a  slight  precipitate  which  redissolves  on  cooling. 
The  strontium  sait  is  less  soluble  than  the  calcium  sait,  and  like  it  is 
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more  reacîily  dissolved  by  cold  than  by  warm  water  ;  the  barium  sait 
is  still  less  soluble.  A  solution  of  sodium  sait  of  the  above  concentra- 
tion is  not  precipitated  either  by  hot  or  cold  solutions  of  magnésium 
chloride  ;  the  zinc  and  lead  salts  under  the  same  conditions  separate 
as  bulky  précipitâtes.  The  cadmium  sait  is  moderately  soluble  in  cold 
water,  and  the  solution  gives  a  copions  precipitate  on  heating  which 
redissolves  completely  when  the  solution  is  cooled.  A  solution  which 
was  clear  at  the  ordinary  température  became  turbid  at  40°  and  gave  a 
large  precipitate  at  70°.  After  standing  for  some  days  at  the 
ordinary  température,  a  saturated  solution  of  the  cadmium  sait 
deposited  crystalline  rosettes,  and  no  longer  exhibited  diminished 
solubility  with  rise  of  température. 

The  aqueous  solutions  of  the  alkali  salts  are  apparently  stable,  since 
after  several  rnontbs  they  showed  no  déposition  of  anhydride  and  no 
increase  of  alkalinity.  The  résistance  offered  by  the  anhydride  to  the 
action  of  alkalis  is  thus  ail  the  more  remarkable.  It  has  already  been 
stated  that  under  ordinary  conditions  the  anhydride  does  not  dissolve 
in  aqueous  solutions  of  alkalis  to  any  appréciable  extent.  Prolonged 
action  of  concentrated  alkaline  solutions  does,  however,  couvert  the 
anhydride  into  a  sait  of  the  acid.  Thus  a  small  quantity  of  anhydride, 
which  was  left  in  contact  with  a  30  per  cent,  aqueous  solution  of 
caustic  potash  at  the  ordinary  température,  was  after  six  weeks 
partially  dissolved.  On  acidification,  the  solution  yielded  a  precipitate 
which  melted  at  149°  and  was  therefore  tetrethylsuccinic  acid.  Con- 
centrated alcoholic  potash  in  great  excess  was  heated  with  the 
anhydride  for  24  hours  on  the  water-bath  ;  the  residue  obtained  on 
removal  of  the  alcohol  was  completely  soluble  in  water,  and  from  the 
aqueous  solution  an  oil  was  deposited  on  acidification  which  did  not 
crystallise  on  standing.  This  oil  had  the  properties  of  ethyl  hydrogen 
succinate,  so  that  the  alcoholic  potash  apparently  acted  as  a  solution 
of  sodium  ethoxide,  the  potassium  ethyl  sait  being  formed  by  direct 
addition. 

This  extrême  résistance  of  an  acid  anhydride  to  the  action  of  alkalis 
is  very  uncommon,  possibly  unexampled  in  organic  chemistry.  Even 
acids,  such  as  pyrocinchonic  acid,  which  hâve  no  stable  existence,  but 
pass  spontaneously  into  their  anhydrides,  are  at  once  regenerated  in 
the  form  of  salts  by  the  action  of  alkalis  on  the  anhydrides.  More- 
over,  thèse  anhydrides  dissolve  in  water  to  furnish  solutions  which  are 
distinctly  acid  and  hâve  a  measurable  dissociation  constant.  The 
aqueous  solutions  must  therefore  contain  some  proportion  of  the 
substance  in  the  form  of  acid,  although  only  the  anhydride  is  obtained 
on  evaporation.  The  case  presented  by  tetrethylsuccinic  acid  is  quite 
différent  ;  notwithstanding  the  insolubility  of  the  anhydride  in  alkalis, 
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the  acid  liberated  from  solutions  of  tbe  salts  is  quite  stable  in  tbe  solid 
state,  and  passes  into  the  anhydride  only  in  solution,  especially  in 
aqueous  solution,  when  the  conversion  seems  to  be  complète. 

The  progress  of  the  conversion  of  the  acid  into  anhydride  may  be 
followed  by  determining  the  electrolytic  condiictivity  of  the  solution 
from  time  to  time.  It  was  found  that  in  a  solution  saturated  at  25^ 
half  the  acid  disappeared  in  the  course  of  two  hours.  In  9  hours  at 
the  same  température,  only  15  per  cent,  of  the  original  amount  of  acid 
remained  nnchanged,  and  in  two  days  ail  the  acid  had  disappeared . 
The  anhydride  was  liberated  iu  the  characteristic  form  of  long  and 
very  délicate  needles. 

A  détermination  of  the  affinity  constant  of  the  acid  resulted  as 
follows  : 

V,  IX.  100  VI.  100  k. 

889  171  4G  0-044 

The  value  of  ju,  is  given  in  terms  of  ohms,  and  the  degree  of  dissocia- 
tion is  calculated  on  the  basis  of  fi^  =373.  No  great  degree  of 
accuracy  can  be  claimed  for  the  number  K=  0-044  obtained  for  the 
affinity  constant,  owing  to  the  difficulty  of  purifying  the  acid,  its 
sparing  solubility,  and  the  impossibility  of  keeping  it  unchanged  in 
aqueous  solution.  The  value  is  greater  than  that  of  the  constant  of 
tetramethylsuccinic  acid,  namely,  K  =  0*033,  which  is  in  accordance 
with  the  fact  established  by  Walden,  that  the  constants  of  the 
symmetrical  diethylsuccinic  acids  are  considerably  greater  than  those 
of  the  corresponding  dimethylsuccinic  acids.  Owing  to  the  practical 
insolubility  of  the  methyl  hydrogen  tetrethylsuccinate  in  water  at  25°, 
an  attempt  to  détermine  the  affinity  constant  of  this  acid  ester  gave 
no  definite  resuit. 

University  Collège, 
Dundee. 


CIL — The  Synthesis  of  Sithstances  AÎIied  to 

Epinephrine. 

By  George  Barger  and  Hooper  Albert  Dickinson  Jowett. 

In  a  previous  communication  (Trans.,  1904,  85,  192)  it  was  sliown  by 
one  of  us  that  the  constitution  of  epinephrine  (adrénaline),  the  active 
principle  of  the  suprarenal  gland,  might  be  represented  by  one  of  tbe 
two  following  formulce  : 
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OH  OH 

OH  /NOH 


CH-OH  CH-NHMe 

CH,/NHMe  CHg-OH 

I.    "  II. 

of  which  I  was  regarded  as  the  more  probable. 

Thèse  views  hâve  since  been  confirmed  by  the  work  of  Pauly  [Ber., 
1904,  37,  1387),  Stolz  {Ber.,  1904,  37,  4149),  and  Friedmann  {Beitr. 
chem.  Physiol.  Path.,  1904,  6,  92),  althoiigh  the  first-named  author 
prefers  formula  II. 

Although  we  hâve  been  unable  to  synthesise  a  substance  having  the 
constitutional  formula  I,  we  hâve  obtained  its  méthylène  and  dimethyl 
ethers  having  the  formulai  CHo:0o:C^jH3-CH(0H)-CH/NHMe  and 
(CH30)2:C6H3-CH(0H)-CH^'NHMe  respectively.  As  afl  attempts  to 
isolate  the  corresponding  dihydroxy-base  by  the  décomposition  of  the 
ethers  were  unsuccessful,  we  désire  to  give  an  account  of  the  synthesis 
and  the  properties  of  the  compounds  prepared. 

The  synthesis  was  carried  out  as  follows  :  an  aldéhyde,  either 
piperonal  or  methylvanillin,  was  treated  with  magnésium  methyl 
iodide  and  thus  converted  into  the  secondary  alcohol,  which,  by  loss  of 
water,  yielded  the  corresponding  styx'ene.  By  the  addition  of  bromine 
to  this  substance,  the  dibromide  was  formed,  which  by  treatment  with 
aqueous  acétone  yielded  the  bromohydrin,  this  product  being  then 
condensed  with  methylamine  and  the  required  base  thus  produced. 

The  stages  in  the  synthesis  may  be  represented  in  the  case  of 
piperonal  as  follows  : 

0-CH.  0-CH.  O-CH, 


I        1^         -->  I        l""         -^  I        1^ 


CHO  CH-OH  CH 

CH3  CH, 

0-CH,  0-CH,  0-C 


I  1"    -    i  r 


CHBr  CH-OH  CH-OH 

CH^Br  CH^Br  CH/NHMe 

The  constitution  of  the  base  produced  was  proved  by  its  oxidation  to 
piperonylic  or  veratric  acid  respectively.  Although  we  were  unable  to 
isolate  the  dihydroxy-base,  indications  of  the  formation  of  a  substance 
having  the  chemical  and  physiological  properties  of  epinephrine  were 
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obtained  by  tlie  action  of  dilute  hydrochloric  acid  at  150°  on  the 
méthylène  etlier. 

On  attempting  to  cany  ont  this  synthesis  with  vanillin  and  proto- 
catechuic  aldéhyde,  it  was  found  that  thèse  substances  did  not  react 
with  magnésium  methyl  iodide  to  give  the  required  styrène.  Conse- 
quently  the  synthesis  could  not  be  conducted  on  thèse  lines. 

Mameli  (Gazzetta,  1904,  34,  [i],  358)  has  described  a  dibromide 
resulting  from  the  action  of  bromine  water  on  the  styrène,  but  as  this 
was  not  identical  with  the  dibromide  isolated  by  us,  we  repeated  his 
experiments  and  found  that  the  dibromide  described  by  him  is  really  a 
bromodihydrin,  CH^^lOoIC^H^.Br'CH-OH-CHoBr.  We  also  obtained 
this  compound  from  the  dibromide,  OHoIOoICQHg'CHBr'CH^Br,  by 
two  distinct  methods. 

Expérimental. 

a-3  :  \-Met1tyIenedioxiiphenyl-aP-dibromoetliane, 
"  O-CH2 

I    r     • 


ÇHBr 
Cïï^Br 

This  substance  was  obtained  from  the  corrosponding  styrène,  which 
was  prepared  from  piperonal  according  to  the  method  described  by 
Klages  {Ber.,  1903,  36,  3595).  In  [order  to  eliminate  water  from 
the  secondary  alcohol,  it  was  found  préférable  to  convert  it  first  into 
the  chloride,  and  then  remove  the  éléments  of  hydrogen  chloride  with 
pyridine. 

3  : 4-Methylenedioxystyrene  (20  grams)  was  dissolved  in  20  ce.  of 
carbon  disulphide,  and  to  this  a  solution  of  bromine  in  carbon  disul- 
phide  (1  gram  per  ce.)  was  gradually  added  until  a  faint  yellow 
colour  was  produced,  the  liquid  being  kept  cool  during  the  opération. 
A  white,  crystalline  solid  separated,  which  was  collected  and  washed 
successively  with  carbon  disulphide  and  light  petroleum.  It  was 
recrystallised  from  carbon  disulphide  solution  by  the  addition  of  light 
petroleum,  and  thus  obtained  in  white,  acicular  crystals  which  melted 
at  82—83°. 


01598  gave  0-1962  AgBr.     Br  =  52-2, 
CgHyOoBro  i-equires  Br  = 


51-9  percent. 


VOL.    LXXXVII.  3   T 
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a-3  :  i-]\[elhylenedioxyphenyl-P-hrovio-a-hydroxyethane, 
I    ^ 

1° 


CH-OH 
CH^Br 

The  dibromide  was  converted  into  the  corresponding  bromohydrin 
by  dissolving  it  in  acétone  and  then  adding  water  to  the  acétone  solu- 
tion (compare  Auwers  and  Miller,  Ber.,  1902,  35,  114)  ;  the  liquid  was 
left  overnight  and  the  acétone  i-emoved  by  evaporation,  when  the 
residue,  together  witli  the  crystals  which  had  sepai-ated,  was  extracted 
with  etlier,  the  ethereal  solution  washed  with  water  and  distilled. 
The  final  residue,  which  solidified,  was  recrystallised  from  hot  dilute 
alcoliol,  the  substance  being  thus  obtained  in  long,  acicular  crystals 
which  melted  at  107—108°. 

0-1758  gave  0-2872  CO,  and  0-058  H,0.     C  =  44-5  ;  H  =  3-7. 
0-1229     „     0-0923  AgBr.     Br  =  32-o" 

CgHgOgBr  requires  C  =  44-l  ;  H  =  37  ;  Br=32-G  par  cent. 


^-3  •.4L-Met]iylenedioxy})henyl-(i-hydroxyelhylmethylamine, 

I    1^ 


CH-OH 
CH2-ÎNHMe 

This  substance  was  prepared  by  dissolving  4-9  grams  of  the  bromo- 
hydrin in  alcohol,  adding  10  ce.  of  an  aqueous  solution  of  methyl- 
amine  (33  par  cent.),  and  heating  the  mixture  on  a  water-bath  in  a 
reflux  apparatus  for  an  hour.  The  alcohol  was  then  distilled  olï,  the 
residue  dissolved  in  dilute  hydrochloric  acid,  and  extracted  with  ether 
to  remove  any  vmchanged  bromohydrin. 

The  acid  aqueous  liquid  was  next  rendered  alkaline  with  sodium 
cai-bonate,  evaporated  to  dryness,  and  the  residue  extracted  with  abso- 
lute  alcohol  ;  the  alcoholic  solution,  after  drying  with  potassium 
carbonate,  left  on  evaporation  a  syrupy  residue  which  could  not  be 
crystallised.  The  only  crystalline  sait  obtained  was  the  ^Jîcra^e, 
CjQHjj^OglSrjCgHgOylSrg,  which  was  prepared  by  dissolving  the  syrupy 
base  in  dilute  hydrochloric  acid  and  adding  a  small  quantity  of  an 
aqueous  solution  of  picric  acid.  The  liquid  was  decanted  from  the 
yellow  oil  which  separated,  and  an  excess  of  picric  acid  added.     The 
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crystalliue  yellow  substance,  whicli  slowly  separated,  was  recrystallised, 
first  from  alcohol,  and  finally  from  water,  being  thus  obtained  in 
rosettes  of  yellow,  acicular  crystals  melting  at  178°. 

0-1142  gave  0-189  CO^  and  0*0408  H^.     C  =  45-l  ;  H  =  4-0. 
0-0826     „     10-2  ce.  nitrogen  at  22°  and  765  mm.     N  =  13-7. 
CisHifiOioN^  requires  C  =  45-3  ;  H  =  3-8  ;  N  =  13-2  per  cent. 

The  2}latinichloride,  prepared  from  the  base  in  the  usual  way,  was 
obtained  as  a  yellow,  amorphous  powder  baving  no  sliarp  melting  point  ; 
the  base  employed  in  its  production  was  obtained  from  the  pure  picrate 
by  décomposition  with  potassium  hydroxide  and  extraction  with 
chloroform. 

00686  gave  0-0166  Pt.     Pt  =  24-2 

(CioHi303N)2,H2PtClg  requires  Pt  =  24-4  per  cent. 

When  the  base  was  oxidised  with  potassium  permanganate  at  the 
ordinary  température  and  the  product  worked  up  in  the  usual 
way,  crystals  of  piperonylic  acid  (m.  p.  227°)  were  isolated,  thus 
proving  the  constitution  of  the  base.  An  aqueous  solution  of  the 
hydrochloride  (2  per  cent.)  bas  a  very  slight  physiological  action,  0-02 
gram,  when  injected  into  the  jugular  vain  of  a  cat,  producing  a  very 
slight  rise  (20  mm.)  of  blood  pressure. 

A  number  of  experiments  were  made,  both  with  the  bromohydrin 
and  the  base,  in  order  to  décompose  the  ether  and  obtain  the 
corresponding  dihydroxy-derivative,  but  without  success.  When  the 
base  was  heated  with  dilute  hydrochloric  acid  at  150 — 160°  for  6 
hours,  a  solution  was  obtained  which  gave  the  catechol  reaction  with 
ferrie  chloride  and  sodium  carbonate,  and  in  very  dilute  solution  gave 
a  pink  coloration  with  ammonia,  rapidly  turning  brown,  but  no 
crystalline  base  could  be  isolated. 

This  solution,  when  injected  into  the  jugular  veiu  of  a  cat,  gave  a 
very  marked  rise  of  blood  pressure,  similar  in  some  respects  to  that 
produced  by  epinephrine,  but  the  amount  of  active  substance  présent, 
if  it  was  epinephrine,  must  hâve  been  very  minute  (approximately 
0'005  gram  from  2  grams  of  méthylène  ether). 

On  boiling  the  liquid  with  alkali  and  again  testing,  it  was  found  to 
hâve  lost  its  physiological  action. 


3  T 
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0-CH, 


3  :  \-Diinethoxy styrène,  \        \  ^ 


CH, 

Tliis  substance  was  prepared  in  a  similar  manner  to  the  corresponding 
piperonyl  compound  by  acting  on  methylvauillin  with  magnésium 
methyl  iodide,  and  by  withdrawing  the  éléments  of  water  by  dis- 
tillation fi'om  the  secondary  alcohol  produced.  The  crude  product 
distilled  between  135°  and  170°  under  12  mm.  pressure,  but  after 
several  fractionations  a  liquid  was  obtained  which  boiled  at  120 — 125° 
under  10  mm.  pressure  and  proved  on  analysis  to  be  the  styrène. 

0-1694  gave  0-4508  COg  and  0-1136  H^.      C  =  72-6  ;  H  =  7-4. 
CjoHi  A  requires  C  =  73-2  ;  H  =  7-3  per  cent. 

The  higher  fraction  consisted  chiefly  of  methyl vanillin. 


0-CH, 


-3  :  i-Dimethoxyphenyl-afi-dibromoethane,  \        \  ^ 


ÇHBr 
CHgBr 

This  compound  was  prepared  by  the  addition  of  bromine  to  the  styrène 
by  using  ether  as  the  solveut  by  a  method  similar  to  that  employed  in 
the  case  of  the  corresponding  piperonyl  compound  ;  it  was  obtained  in 
white,  acicular  crystals  which  were  purified  by  recrystallisation  from 
benzène  solution  with  the  addition  of  light  petroleum.  The  crystals 
meltedat  102°. 

01654  gave  0-1932  AgBr.     Br  =  49-7. 

C^QHj2^oBro  requires  Br  =  49  4  per  cent. 

The  yield  of  dibromide,  which  was  18  per  cent,  of  the  methyl- 
vanilliu  employed,  was  much  smaller  than  in  the  case  of  the  cor- 
responding piperonyl  compound. 
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-  3  :  i-Dimethoxijj^henyl-pbromo-a-hydroxyethane, 
0-CH, 


j  ^O-CHg 


CH-OH 
CHgBr 

This  bromohydria  was  préparée!  from  tlie  dibromide  by  the  action  of 
aqueous  acétone  ;  it  formed  long,  acicular  crystals,  soluble  in  alcohol, 
ether,  benzène,  or  carbon  disulphide,  but  insoluble  in  water  or  light 
petroleum  ;  it  recrystallised  most  readily  from  carbon  disulpliide  and 
melted  at  68°. 

0-1467  gave  01069  AgBr.     Br  =  31-0. 

CjQHjgOgBr  requires  Br  =  30-7  per  cent. 

The  bromohydrin  was  converted  into  the  methylamino-base  by  the 
method  employed  in  the  case  of  the  piperonyl  compound,  l)ut  the  product 
eould  only  be  obtained  as  a  syrup  which  could  neither  be  crystallised 
nor  converted  into  any  crystalline  sait.  When  oxidised  with 
potassium  permanganate,  it  yielded  veratric  acid,  melting  at  179^. 

A  2  per  cent,  solution  had  a  similar  physiological  action  to  the 
corresponding  piperonyl  compound.  When  treated  with  dilute  hydro- 
chloric  acid  for  6  hours  at  150 — 160°,  the  resultiug  liquid  gave  no 
catechol  reaction  with  ferrie  chloride  ;  the  ether,  therefore,  had  not 
undergone  hydrolysis. 

Composition  of  Mameli's  Piperoiii/ldibromide. — This  substance  was 
prepared  according  to  the  directions  given  by  Mameli  {lac.  cit.),  by  the 
action  of  bromine  water  on  the  styrène.  In  addition  to  the  compound 
described  by  him,  a  considérable  amount  of  the  bromohydrin  (m.  p.  108°) 
was  obtained.  The  substance  was  twice  crystallised  from  benzène  and 
twice  from  alcohol;  it  then  melted  at  158°  (Mameli  gives  160°). 

The  same  compound  was  produced  by  treatiug  the  bromohydrin  with 
bromine  water  in  direct  sunlight.  The  yield  was  60  per  cent,  of  the 
theoretical. 

0-1425  gave  0-1661  AgBr.     Br  =  49-6. 
0-1442     „     0-168   AgBr.      Br  =  49-6. 

CgHgOjBr^  requires  Br  =  49-4  per  cent. 

Mameli's  formula,  CgH^OoBro,  requires  Br  =  51-9,  and  he  found 
Br  =  51-2  per  cent.  The  results  of  the  analyses  together  with  the 
method  of  préparation,  by  directly  brominating  the  bromohydrin, 
prove  that  the  substance  described  by  Mameli  is  not  the  dibromide 
but  the  dibromohydrin.     This  compound  was  also  obtained  in  small 
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amount  by  the  action  of  phosphorus  pentachloride  on  the  dibromide 
(m,  p.  82°)  in  the  attempt  to  split  off  the  méthylène  group  by  the 
method  which  Fittig  and  Remsen  used  in  the  préparation  of  proto- 
catechuic  aldéhyde  from  piperonal  {Annalen,  1871,  159,  148).  The 
substance  meltedat  157 — 158°,  and  when  mixed  with  an  equal  quantity 
of  the  dibromohydrin  prepared  as  previously  described,  the  melting 
point  rem?.ined  unchanged. 

0-1355  gave  0-1681  COo  and  0-0308  H^O.     C  =  33-8;  H  =  2-5. 
01143     „     0  1306  AgBr.     Br  =  48-6." 

CgHgOgBrg  rcqulres  0  =  333  ;  H  =  2-5  ;  Br  =  49-4  per  cent. 

The  formation  of  the  dibromohydrin  by  phosphorus  pentachloride 
is  explained  by  the  libération  of  bromine  which  takes  place  in  the 
first  stage  of  the  reaction,  and  the  subséquent  formation  of  the 
bromohydrin  by  the  action  of  water  on  the  halogen  in  the  a-position. 

Attempts  were  made  also  to  prépare  the  styrène  by  distillation  of 
the  calcium  salts  of  the  corresponding  methylenedioxycinnamic  acid 
(compare  Tiemann  and  Will,  Ber.,  1881,  14,  967).  The  product 
obtained  was  undoubtedly  the  styrène,  as  the  dibromide  was  isolated,but 
the  yield  was  so  small  (3  per  cent.)  that  this  method  of  préparation 
had  to  be  abandoned. 

The  necessary  physiological  experiments  in  counection  with  this 
inquiry  were  performed  by  Dr.  H.  H.  Dale,  to  whom  we  wish  to 
tender  our  best  thanks. 

The  Wellcome  Chemical  Tue  Wellcome  Physiological 

Research  Laboratories,  Research  Laboratories, 

LoNDOx,  E.C.  Herxe  Hill,  S.E. 


CIII. — Our    Présent   lùioivledge    of   the    Chemistry    of 

Indigo. 

By  William  Poppleavell  Bloxam. 

The  production  of  plant  indigo  being  an  industry  of  spécial  import- 
ance in  Bengal,  the  Government  of  this  province  has,  for  some  years 
past,  granted  sums  of  money  to  enable  scientific  investigations  to  be 
carried  on,  with  a  view  to  elîecting  improvements  in  the  cultivation 
and  manufacture  of  this  colouring  matter  ;  and  the  author  was,  in 
1902,  appointed  to  carry  out  experiments  at  the  Dalsingh  Serai 
Research  Station  with  the  co-operation  of  a  biologist  and  an  assistant 
chemist. 
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The  results  of  thèse  experiments  hâve  lately  been  printed  by  the 
Government  of  Bengal  and  issued  as  an  officiai  publication.* 

In  this  report  is  set  forth  a  sketch  of  the  difficulties  under  whicli 
the  cultivation  and  manufacture  of  plant  indigo  labour  at  présent, 
together  with  suggestions  as  to  the  ways  in  which  thèse  difficulties 
may  be  removed.  In  the  présent  paper  the  author  excludes  the  treat- 
ment  from  the  économie  side  and  deals  with  the  chemistry  only. 


Preliminary  Experiments. 

ïhese  experiments  showed  that  it  was  altogether  erroneous  to 
regard  as  pure  indigotin  the  varions  blue  précipitâtes  which  can  be 
obtained  from  aqueous  extracts  of  the  indigo  plant.  It  was  found 
that  the  précipitâtes  obtained  from  aqueous  extracts — (a)  on  oxidation 
in  air,  {b)  on  aërial  oxidation  in  présence  of  ammonia,  (c)  on  précipita- 
tion by  chemical  reagents — were  in  ail  cases  greatly  contaminated  by 
admixture  with  other  constituents  derived  from  the  plant.  This  fact 
is  established  by  estimation  of  the  nitrogen  in  the  product^  which  in 
no  case  showed  the  numbers  required  for  indigotin  (ISI"  =  10-68  per  cent.). 
It  is  suggested  that  indigotin,  acting  as  a  base,  forms  a  séries  of 
lakes,  from  which  the  matter  other  than  indigotin  can  only  be 
removed  with  the  greatest  difficulty,  in  the  wet  way,  by  treatment 
with  a  séries  of  solvents  capable  of  extracting  the  foreign  matter 
(see  p.  980).  The  failure  to  recognise  this  property  of  indigotin 
accounts  for  the  divergent  yields  attributed  to  the  indigo  plant  itself 
and  to  the  products  obtained  at  the  varions  stages  of  manufacture. 
For  in  ail  cases  the  earlier  investigators  hâve  either  (a)  weighed  the 
dried  precipitate,  assuming  it  to  be  pure  indigotin,  or  (b)  they  hâve 
sulphonated  the  impure  material,  and  hâve  analysed  the  product  by 
one  or  other  of  the  current  methods.  Finding,  therefore,  that  even 
with  ready  access  to  the  fresh  green  plant  it  was  not  possible  to 
prépare  pure  indigotin  by  précipitation  in  the  wet  way,  the  pi'ecautions 
taken  by  préviens  workers  to  obtain  pure  indigotin  for  use  as  a 
standard  in  establishing  their  analytical  methods  were  subjected  to  a 
critical  examination. 

*  "Au  Account  of  the  Research  Woik  in  Indigo."  Carricd  ont  at  Dalsiugh 
Serai  Research  Station  [undcr  sv,bsidy  of  the  Govcrnmont  of  Bengal)  from  1903  to 
March  1904.  By  W.  Popplewell  Bloxam,  B.Sc.  (Lond.),  F.C.S.,  F.I.C.,  Research 
Chemist,  H.  M.  Leake,  M. A.  (Cantab.),  F.L.S.,  Biologist,  with  the  assistance  of 
R.  S.  Finlow,  B.Sc,  F.C.S.,  Assistant  Chemist.  (Calcutta  :  Tlie  Bengal  Secrétariat 
Book  Dépôt.     1905.) 
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Purification  of  Crude  Indigo. 

The  methods  employed  for  the  purification  of  crude  indigo  may  be 
subdivided,  broadly,  into  four  classes  :  * 

{«)  The  treatment  of  crude  cake  indigo,  or  the  synthetical  product, 
with  a  séries  of  sol  vents. 

{h)  The  réduction  of  cake  indigo,  or  the  synthetical  product,  in 
alkaline  solution  ;  reoxidation,  séparation,  and  purification. 

(c)  Purification  by  sublimation. 

{d)  Purification  by  the  use  of  volatile  solvents. 

Expérience  of  wet  methods  a,  h,  and  d  shows  that  either  the  product 
obtained  is  not  pure,  or  the  yield  is  so  small  and  the  process  so 
tedious  that  the  production  of  even  a  few  grams  of  the  material  is  a 
practically  impossible  task. 

In  no  case,  also,  does  it  appear  that  any  crucial  test  was  made  of  the 
pvirity  of  the  final  product  obtained  by  thèse  vai'ious  methods.  As 
stated  previously  (p.  975),  the  présent  aiithor  relies,  at  this  stage,  on 
the  estimation  of  the  nitrogen  as  the  only  test  of  purity. 

Being  dissatisfied  with  the  methods  previously  recommended  for  the 
purification  of  crude  indigo,  the  author  spent  some  months  in  an  unsuc- 
cessf  ul  search  for  a  solvent,  or  mixture  of  solvents,  which  would  dissolve 
indigotin  selectively,  to  the  exclusion  of  adhèrent  foreign  matters. 

At  this  juncture,  early  in  1903,  an  abstract  appeared  (Abstr,,  1903, 
i,  173)  of  a  paper  by  A.  Binz  and  A.  Kufferath,  entitled  "  Salts  of 
Indigotin"  [Annalen,  1902,  325,  196),  and  on  obtaining  the  full  text 
of  this  paper  it  was  seen  that  thèse  authors  had  considerably  extended 
our  knowledge  of  the  conditions  of  solution  and  of  sait  formation  of 
indigotin. 

In  this  paper,  the  following  salts  of  indigotin  are  desciibed  :— 
indigotin  hydrochloride,  Cj (.11^^02^2,1101  ;  indigotin  hydrobromide, 
CjgHjQOjNg.HBr  ;  indigotin  platinichloride,  CjgïïjQOoNgjPtCl^  ;  indi- 
gotin monosulphate,  C^gHjoOgNo.HgSO^  ;  indigotin  disulphate. 

Thèse  authors  indicate  that  the  monosulphate,  being  easily  obtained 
and  beautifully  crystalline,  should  be  employed  in  the  purification  of 
indigo,  instead  of  the  troublesome  recrystallisation  from  glacial  acetic 
acid  or  phthalic  anhydride. 

*  A  detailed  account  of  the  methods  of  analysis,  together  with  a  list  of  authors, 
will  be  found  in  Knecht,  Eawson,  and  Lowenthal's  Manual  of  Dyeing  (Griffin  : 
London),  of  which  a  new  édition  will  shortly  be  issued. 
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The  Préparation  of  Indigotln  Monosulphale. 

Binz  and  Kufferath's  statement  (Joe.  cit.)  that  indigo,  when  treated 
with  a  mixture  of  five  volumes  of  glacial  acetic  acid  and  one  of  con- 
centrated  sulpliuric  acid,  underwent  no  sulphonation  even  on  the  water- 
batli*  was  verified  by  the  author,  wlio  then  attempted  the  préparation 
of  indigotin  monosulphate. 

Two  spécimens  of  indigotin  were  available  for  the  purpose  of  the 
experiment,  the  first  being  the  "  B.A.S.F.  Indigo  pure,"  which  is 
stated  ("  Chemistry  of  Pure  Indigo,"  Badische  Anilin-  und  Soda- 
Fabrik  Brochure,  1900)  to  contain  exactly  98  percent,  of  indigotin. 

The  second  spécimen,  which  was  pnrchasedin  Germany,  was  marked 
"  100  per  cent.  Indigotin."  For  convenience,  this  sample  will  be 
designated  "  Indigotin  by  purchase." 

The  nitrogen  value  of  each  of  thèse  spécimens  of  indigotin  was 
determined  by  Kjeldahl's  process,  and  the  following  results  were 
obtained. 

1.  "B.A.S.F.  Indigo  pure.'^ — The  mean  of  four  estimations  showed 
N=9-82  (as  against  N  =  10-68  per  cent,  contained  in  pure  indigotin). 
This  nitrogen  value,  calculated  to  indigotin  (factor  =  9-357),  showed  the 
true  percentage  of  indigotin  to  be  91-88  instead  of  98,  as  stated 
above.t 

2.  "Indigotin  hy purchase.'' — In  this  case,  the  mean  of  four  estima- 
tions gave  N  =  9-71.  This  nitrogen  value,  calculated  to  indigotin,  indi- 
cated  that  the  true  percentage  of  indigotin  was  90-85. 

The  spécimen  of  "  B.A.S.F,  Indigo  pure,"  which  in  reality  contained 
only  91-88  percent,  of  indigotin,  was  now  treated  with  acetic-sulphuric 
acid  (5:1  by  volume),  as  recommended  by  Binz  and  Kulïerath,  and  to 
the  solution,  after  filtration,  was  gradually  added  an  excess  of  ether. 
When  left  for  one  day,  a  fine  crop  of  acicular  crystals  w^as  obtained  ; 
thèse,  which  were  collected  and  washed  with  ether  until  the  washings 
showed  only  slight  acidity,  were  then  dried  in  a  desiccator  over 
sulphuric  acid. 

Thèse  crystals  were  found  to  be  dissociated  by  water  into  sul2ihuric 
acid  and  indigotin,  as  stated  by  Binz  and  Kufferath.     On  dissociating 

*  Binz  and  Kufferath  found,  after  completing  their  work,  that  the  following 
statement  occiirred  in  Kneclit,  Rawson,  and  Lowenthal's  Manual  of  Dycing 
(London  1893.  Vol.  I.  p.  327)  :—" Glacial  acetic  acid,  containing  a  few  drops  of 
H2SO4,  dissolves  indigotin  with  a  deep  blue  colour,  and,  on  dilution  with  water, 
reprecipitates  it  unaltered."  G.  Watt,  in  his  Pamphlet  on  Indigo,  scems  to  give 
an  earlier  référence  to  the  same  observation  originally  attributed  to  Crookes. 

t  The  accuracy  of  this  lesult  is  confirmed  by  a  statement,  published  later,  bj' 
M5hlau  and  Zimmermann  (Zeit.  Farb.  Text.  CJiem.,  1903,  10,  189),  in  which  thoy 
state  that  synthetical  indigo  contains  3 — 10  per  cent,  of  a  red  dye-stutr. 
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a  weighed  portion  of  the  crystals  by  boiling  with  water,  washing 
the  residue  until  free  from  acid,  and  titrating  the  filtrate  and  washings 
with  standard  alkali,  the  sulphuric  acid  found  in  two  experiments 
was  23"97  and  23 '71  per  cent,  respectively.  Now,  indigotin  mono- 
sulphate,  CjgHjoOgNo.HoSO^,  requires  H2S04  =  27-22  per  cent.  The 
residues,  after  dissociation  and  washing  free  from  acid,  were 
ignited  with  sodium  carbonate  and  shown  to  be  free  from  sulphuric 
acid.  Thèse  values,  although  not  so  good  as  those  obtained  by  Binz  and 
Kufferath  (H2S04  =  27-00— 28'02  per  cent.),  raised  no  doubt  that  the 
sait  obtained  was  the  monosulphate.  The  deficiency  in  sulphuric  acid 
was  attribvited  to  two  causes  : 

(a)  The  ether  used  was  not  dry,  and  hence  a  slight  hydrolysis  of  the 
crystals  took  place  during  the  washing  with  this  solvent,  so  that  the 
final  product  contained  free  indigotin. 

(6)  The  possibility  of  the  red  impurity  présent  in  the  "  B.A.S.F. 
Indigo  pure"  (see  foot-note,  p.  980)  passing  into  solution  in  the  acetic- 
sulphuric  acid,  and  being  precij)itated  with  the  crystals  of  monosulphate 
on  the  addition  of  ether. 

It  should  be  noted  that  Binz  and  Kulïerath  (loc.  cit.)  were  more 
fortunate  in  being  able  to  use,  as  the  source  of  the  monosulphate,  a 
purified  indigo  powder  supplied  to  them  by  the  Badische  Anilin-  und 
Soda-Fabrik,  which  from  their  data  contained  99-8  per  cent,  indigotin. 

It  now  seemed  clear  that,  if  the  acetic-sulphuric  mixture  were 
effectuai  in  separating  indigotin  from  its  adhèrent  impurities,  it  must 
fulfil  the  following  conditions  : 

(a)  Crude  indigo  must  yield,  wlien  repeatedly  subjected  to  solution 
in  acetic-sulphuric  acid,  filtration,  and  hydrolysis  by  water,  a  residue  of 
constant  weight. 

(b)  This  residue  must  yield  10-68  per  cent,  of  nitrogen  by  Kjeldahl's 
method,  this  being  the  percentage  of  nitrogen  in  pure  indigotin. 

Experiments  were  now  made  to  test  thèse  conditions,  employing  the 
two  spécimens  "B.A.S.F.  Indigo  pure"  (containing  91-88  per  cent,  of 
indigotin)  and  "  Indigotin  by  purchase  "  (containing  90-85  per  cent. 
of  indigotin).  The  results  showed  that  condition  (a)  was  fulfilled,  for, 
after  repeating  four  times  the  opérations  of  dissolving  and  hydi'olysing, 
the  residue  was  of  constant  weight. 

The  nitrogen  values  of  the  residues,  however,  were  lower  than  that 
of  indigotin,  showing  that  thèse  residues  still  contained  some  adhèrent 
impurity. 

This  impurity,  which  was  soluble  in  acetic-sulphuric  acid,  was 
precipitated  with  the  indigotin  on  hydrolysis  by  water,  and  presumably 
did  not  contain  nitrogen. 
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The  Red  Colouring  Matter  {or  Matters)  of  Plant  Indigo. 

Seeing  that  Binz  and  Kufferath's  acetic-sulphuric  acid  methofl 
failed  to  purify  tlie  two  samples  of  synthetical  indigo,  and  that  the 
failure  seemed  to  be  due  to  the  présence  of  a  red  colouring  matter  in 
thèse  spécimens,  and  since,  moreover,  in  plant  indigo  a  red  substance 
was  also  présent  which  was  held  to  be  indirubin,  it  was  determined 
to  attempt  the  séparation  of  the  red  matter  from  both  plant  and 
synthetical  indigo,  and  to  ascertain  its  nature  and  properties. 

Ail  authorities  are  agreed  that  indirubin  (or  indigo-red)  is  a 
constituent  of  ordinary  plant  indigo.  Rawson  [lac.  cil.)  givcs 
directions  for  its  extraction  and  some  account  of  its  properties.  This 
method  was  adopted  by  the  author  for  the  treatment  of  cake  indigo, 
with  the  exception  that,  after  treatment  with  dilute  hydrochloric  acid, 
absolute  methyl  alcohol  was  employed  instead  of  ordinary  alcohol,  the 
former  being  a  bette r  solvent  for  the  red  matter. 

Accordingly  some  200  grams  of  powdered  Bengal  cake  indigo  were 
extracted  repeatedly  with  dilute  hydrochloric  acid  (concentration  1:3) 
until  the  filtrate  Avas  only  slightly  brownish-red  in  colour.  The 
residue  was  well  washed  with  water  and  a  considérable  portion  of 
the  dry  residue  was  then  extracted  in  a  Soxhlet's  apparatus  with 
absolute  methyl  alcohol,  until  the  alcoholic  extract  showed  that  the  blue 
colouring  matter  was  beginning  to  pass  into  solution.  The  extraction 
was  now  discontinued  and  the  main  extract  concentrated  in  a  vacuum, 
one  portion  over  solid  caustic  soda  and  the  other  over  concentrated 
sulphuric  acid.  In  both  cases,  a  crystalline  substance  was  deposited, 
which  redissolved  completely  in  methyl  alcohol  to  a  brilliant  ruby-red 
solution. 

Kesults  of  l'ests  aj^plied  to  the  Crystalline  Besidue. 

(ci)  The  solid,  when  treated  with  strong  sulphuric  acid,  evolved  some 
hydrogen  chloride,  but  it  could  not  be  ascertained  whether  this  was 
présent  as  an  intégral  constituent,  or  whether,  as  is  more  probable, 
the  chloride  was  due  to  imperfect  washing. 

{b)  The  material  contains  no  nitrogen,  for  négative  results  were 
obtained  with  the  sodium  test  and  also  on  ignition  with  soda-lime. 

(c)  Destructive  distillation  gave  a  heavy  oily  liquid  distilling  just  in 
front  of  the  flame,  this  distillate  being  faintly  acid  to  litmus. 

{cl)  The  material  is  easily  soluble  in  methyl,  ethyl,  and  amyl 
alcohols  and  in  chloroform,  benzène,  and  toluène  ;  it  is  insoluble  in 
water,  but  is  soluble  in  acetic-sulphuric  acid  (5:1),  from  which  it  is 
again  deposited  on  dilution  with  water. 

(e)  It  does  not  give  a  tannin  reaction  with  ferrie  chloride,  neither 
does  it  reduce  Fehling's  solution. 
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{f)  It  gives  the  fluorescein  reaction  wliich  is  said  to  be  character- 
istic  of  phthalic  anhydride  and  other  anhydrides  of  dicarboxylic  acids, 
as,  for  example,  succinic  anhydride, 

The  spécimens  of  the  synthetical  product,  "B.A.S.F.  Indigo  pure" 
and  "  Indigotin  by  purchase,"  were  now  similarly  treated,  and  were 
found  to  yield  a  red  colouring  matter  (or  matters)  which  behaved 
towards  reagents  similarly  to  the  product  obtained  from  ordinary 
plant  indigo. 

From  the  foregoing  experiments,  it  seems  clear  that  there  is  a  red 
colouring  matter  (or  matters)  common  to  both  plant  and  synthetical 
indigo  and  that  this  red  substance  is  not  indirubin,  for  it  contains  no 
nitrogen. 

The  author  hopes  to  be  able  in  the  future  to  ascertain  the  nature 
of  this  red  substance.  There  seems  at  présent  to  be  no  doubt  as  to  the 
existence  of  indirubin,  on  the  authority  of  Baeyer  and  other  investiga- 
tors  ;  but  apparently,  through  lack  of  careful  examination  of  the  red 
colouring  matter  occurring  in  synthetical  and  plant  indigoes,  the 
latter  bas  been  mistaken  for  indirubin  by  Rawson  and  others. 

The  author  maintains  that  great  importance  attaches  to  the  elucida- 
tion  of  the  natm-e  and  function  of  the  '*  red  "  in  indigo  manufacture 
both  from  the  chemical  and  économie  points  of  view  (compare  Report 
to  the  Government  of  Bengal,  p.  21). 

Exjjlanation  of  the  Failure  of  the  Acetic-suljyhuric  Acid  Method  to 
yield  Pure  Indigotin. 

The  foregoing  experiment  demonstrates  that  the  acetic-sulphuric 
acid  dissolves  not  only  indigotin,  but  also  the  non-nitrogenous  red 
matter,  which,  on  hydrolysis  of  the  solution  thus  obtained,  is  precipi- 
tated  together  with  the  indigotin. 

Thus  a  point  is  reached,  after  several  solutions  in  the  mixed  acids 
and  hydrolysis  by  water,  when  the  precipitate  maintains  a  constant 
weight  and  a  constant  degree  of  impurity.  In  conséquence,  Binz  and 
Ivulîerath's  method  was  abandoned,*  and  the  following  modification 
of  the  process  was  attempted. 

Attempts  to  prépare  Pure  Indigotin  from  Ordinary  Plant  Indigo  hy 
Successive  Extraction  ivith  Methyl  Alcohol  and  Acetic-sulphuric 
Acid. 

The  author  determined  first  of  ail  to  extract  the  "  red  "  completely 
wilh   absolute   methyl   alcohol,  and  then  to  apply  to  the  residue  the 

*  Mohlau  and  Zimmermann  {Zeit.  Farb.  Text.  Chem.,  1903,  10,  189)  state  that 
tliey  can  obtain  pure  indigotin  by  a  modification  of  Binz  and  Kuiferath's  process,  but 
they  give  no  nitrogen  values  for  their  product. 
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acetic-sulphuric  acid  iiiethod.  Preliminary  experiment  showed  that 
metliyl  alcohol  dissolved  the  "red  "  without  extracting  the  indigotin. 
For  this  experiment;  some  purified  plant  indigo  was  available, 
whicli  had  been  standardised  by  Rawson  and  pronounced  to  contain 
9-4"8  per  cent,  of  indigotin. 

Two  estimations  of  nitrogen  by  Kjeldahl's  process  yielded  N  =  9-97 
and  10"01,  thèse  values  corresponding  respectively  with  93'29  and 
93-66  per  cent,  of  indigotin,  or  a  mean  value  of  93-47. 

Duplicate  portions  of  the  same  spécimen  were  now  extracted  until 
the  red  colouring  matter  was  completely  removed  with  methyl  alcohol. 
The  residues  thus  obtained  were  dried  and  then  dissolved  in  hot  acetic- 
sulphuric  acid  ;  the  solutions  were  filtered  through  asbestos,  and  the 
filter  washed  free  from  blue  with  hot  acetic-sulphuric  acid.  The  clear 
filtrâtes  and  washings  were  poured  in  a  thin  stream  into  six  times 
their  volume  of  boiling  water  and  thus  hydrolysed.  The  précipitâtes 
were  collected  on  tared  filters  and  washed  until  free  from  acid. 
Drying  was  effected,  first  in  the  water-oven  and  finally  at  105°,  until 
the  weight  was  constant.  Only  one  solution  in  acetic-sulphuric  acid 
and  subséquent  hydrolysis  was  made  in  each  case,  for  the  filtiate  obtained 
after  hydrolysis  was  practically  colourless. 

The  results  of  the  analyses  are  stated  in  apparent  percentages  of 
pure  indigotin  in  the  residues,  (a)  after  one  extraction  with  methyl 
alcohol,  (b)  after  one  extraction  with  acetic-sulphuric  acid  (5:1). 

I.  II.  Mean. 

(a) 95-44         95-81         95-63 

(b) 93-56         93-05         93-31 

Grouping  together  the  results  of  analyses  of  the  same  spécimen  of 
indigo  obtained  by  différent  methods,  one  obtains  the  following  data  : 

rercentage  vahie 
Method.  of  indigotin. 

(1)  Rawson's  (not  indicated)    948 

(2)  Based  on  estimation  of  nitrogen  (Kjeldahl) 9347 

(3)  By  successive  extraction  with  methyl  alcohol  and 

acetic-sulphuric  acid  (5:1) 9331 

The  concordance  between  the  results  obtained  by  methods  (2)  and 
(3)  seems  ail  that  could  be  desired,  and  afforded  hope  that  hère  was 
available  both  a  process  for  the  purification  of  crude  indigo  and  a 
method  of  analysis. 

Analyses  were  nexb  made  of  two  spécimens  of  ordinary  Bengal  cake 
indigo,  employing  successive  extraction  with  acetic-sulphuric  acid 
(5:1)  and  methyl  alcohol.  As  the  spécimens  contained  presumably 
70  per  cent,   or  less  of   indigotin,   solution  in    the  mixed    acids    and 
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hydrolysis   by  water   wero  performed    twice,  and  the   loss  in  weight 
determined  at  each  stage. 

In  each  case,  the  analyses  were  made  in  duplicate,  and  the  moisture 
and  ash  were  estimated. 


Résulte  of  Analysis.     No.  I. 

Percentage  results. 
(«)  (6) 

Moisture(at  110°) 4-33  4-33 

Ash 2-26  2-26 

Percentages  rc-covered. 


(a)  {b) 

After  Ist  extraction  with  acetic-suli^huric  acid  ...        77"76  78*34 

„      2nd        „             „         „            „           „                74-92  75-34 

After  extraction  with  methyl  alcohol 7034  69'34 

Indigotin  [?]  by  direct  weighing  after  extraction       70*34  69'34 

True  percentage  of  indigotin  présent  (as  caleu- 

lated  from  the  nitrogen  value)  G 3 '69 

To  test  the  purity  of  thèse  products,  (a)  and  {b),  after  the  foregoing 
extraction,  they  were  intimately  mixed  and  nitrogen  estimations  made 
by  Kjeldahl's  method,  but  the  mean  resuit  obtained  was  N  =  9'74  per 
cent,  as  against  the  value  10"68  per  cent,  required  for  pure  indigotin. 
Calculating  the  nitrogen  value  found  to  indigotin,  shows  that 
the  residues  which,  by  direct  weighing,  indicated  70'34  and 
69*34  per  cent,  of  indigotin  had  in  reality  a  mean  value  of  only 
63*69  per  cent.,  so  that,  even  after  the  prolonged  process  of  extraction 
with  acetic-sulphuric  acid  and  methyl  alcohol,  a  weighing  of  the  final 
product  on  the  assumption  that  it  is  pure  indigotin  involves  an  error 
of  +6*15  per  cent,  of  the  true  indigotin  value  as  indicated  by  the 
estimation  of  the  nitrogen  by  Kjeldahl's  process. 

The  conclusion  arrived  at  is,  that  although  this  method  succeeds  in 
the  case  of  Rawson's  standard,  where  the  initial  percentage  of  indigotin 
is  over  90,  yet  in  the  case  of  ordinary  cake  indigo  (containing  70  per 
cent,  of  indigotin  and  less)  the  pi'olonged  séries  of  extractions  shown 
to  be  necessary  is  such  as  to  render  the  process  too  tedious  for  the 
préparation  of  pure  indigotin. 


The  Préparation  of  Pure  Indigotin  hy  Sublimation. 

It  lias  not  been  found  possible  to  obtain  pure  indigotin  by  the 
sublimation  of  crude  indigo  in  vessels  open  to  the  air.  Various  forms 
of  apparatus  were  employed  and  the  access  of  beat  carefully  regulated, 
but  in  ail  cases    impure  products  were  obtained,  the  sublimate  con- 
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taining  free  carbon  and  products  of  destructive  distillation.  Watts' 
Dictionary,  Vol.  3,  p.  253,  contains  tlie  following  statement  with 
regard  to  indigo  :  "  In  open  vessels  it  volatilises  at  about  288°  in 
dark  purple  red  vapours."  This  is  incorrect,  for  no  purple  vapours 
could  be  obtained  on  heating  to  the  upper  limit  of  the  thermometers 
available  (400°).  Heating  under  diminished  pressure,  however, 
yielded  a  sublimate  of  pure  indigotin  in  any  desired  quantity, 

The  crude  indigo  (dry  and  finely  powdered)  was  placed  in  a  long- 
necked  Jena  flask  such  as  is  used  for  digestion  with  acid  in  Kjeldahl's 
process,  and  this  flask,  which  was  imbedded  in  a  protective  métal  vessel 
containing  magnesia,  was  connected  with  a  water-pump,  a  catch  bottle 
being  inserted  between  the  flask  and  the  pump.  The  pressure  being  re- 
duced  to  about  100  mm.,  beat  was  applied,  and  at  a  red  beat  (600 — 800'^) 
sublimation  took  place  at  less  than  an  inch  from  the  top  of  the  crude 
indigo.  The  sublimate  proved  to  be  a  beautifully  crystalline  powder, 
with  a  dark  purple  lustre,  the  powdered  substance  appearing  almost 
black  ;  no  trace  of  impurity  could  be  detected,  a  resuit  which  seemed  to 
indicate  that,  before  attaining  the  high  température  necessary  for  the 
sublimation  of  indigotin,  the  impurities  originally  présent  had,  vinder 
the  diminished  pressure,  passed  off  as  gases,  leaving  the  indigotin 
pure.  The  sublimed  indigotin  yielded  the  following  results  on 
analysis. 

(1)  Estimation  of  Nitrogen  bij  KjeldaM's  Methocl. 

Two  nitrogen  estimations  gave  N=10"58  and  10'52  per  cent,  (mean 
value  10-55),  as  against  10-68  per  cent,  required  by  pure  indigotin.  On 
calculating  the  mean  to  indigotin  a  percentage  value  of  98-71  is  deduced. 
Thèse  are  the  highest  values  for  nitrogen  obtained  by  the  author 
from  any  spécimen  of  indigotin,  and,  possibly  with  more  attention  to 
expérimental  détails,  the  theoretical  number  might  be  obtained.  This 
resuit  affords  also  satisfactory  évidence  that  Kjeldahl's  method  is 
applicable  to  the  estimation  of  nitrogen  in  substances  of  the  nature  of 
indigotin. 

(2)  Analysis  hy  Extraction  with  Acetic-sulphuric  Acid. 

Grams. 

Weight  of  dry  indigotin  taken  =    1-0547. 

,,         ,,     ,,  ,,    recovered  =    l'0540. 

This  resuit  indicates  that  of  the  indigotin  originally  taken  99-93  per 
cent,  was  recovered  after  solution  in  acetic-sulphuric  acid  (5:1), 
filtration,  and  subséquent  hydrolysis  of  the  indigotin  monosulphate. 

By  this  sublimation  method,  ^jwre  indigotin  can  therefore  be  prepared 
rapidly  and  in  quantity  from  crude  indigo.     At  présent  the  yield  from 
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this  opération  is  not  known,  but  it  seems  possible  that  it  may  be 
sufficiently  high  to  justify  the  process  being  worked  on  a  commercial 
scale.  Tbe  object  hère,  bowever,  was  to  obtain  pure  indigotin  to  serve 
as  a  control  for  the  many  processes  proposed  for  the  analysis  of 
indigo,  over  which  any  rigid  check  was  hitherto  impossible  in  the 
absence  of  pure  indigotin  to  serve  as  standard.  Owing,  however,  to 
the  termination  of  the  period  of  the  author's  engagement  in  India, 
attention  could  only  be  paid  to  one  well-known  method  of  analysis, 
namely,  that  based  on  the  oxidation  by  potassium  permanganate. 

Tlie  Estimation  of  Indigotin  by  Potassium  Permanganate. 

This  method  has  been  employed  in  India  almost  exclusively,  the 
rapidity  of  the  process  constituting  its  great  attraction,  but  the  most 
astonishingly  widely  divergent  results  hâve  been  obtained  and  published 
by  investigators  vising  it.  The  writer  was,  however,  unable  to  obtain 
any  concordant  results  when  making  analyses  of  ordinai*y  cake  indigo, 
or  even  when  employing  spécimens  of  indigo  of  comparative  purity, 
such  as  "B.A.S.F.  Indigo  pure"  (91-88  per  cent,  indigotin)  and 
"Indigotin  by  purchase  "  (90-85  per  cent,  indigotin).  The  difficulty 
was,  in  ail  cases,  due  to  the  impossibility  of  detecting  the  exact  end- 
point. 

Tull  directions  for  sulphonation  and  analysis  are  given  by  Knecht, 
Rawàon,  and  Lowenthal  [loc.  cit.),  the  fundamental  équation  suggested 
by  thèse  authors  being  as  follows  : 

5Ci,3H802N.,(HS03).  +  4KMn04  +  6H,S0,  = 

5C,,Hs04N2(HS03)o  4- 2K2SO,  +  4MnS04  +  6H2O. 

Consequently  "316  parts  of  potassium  permanganate  are  équivalent  to 
655  parts  of  indigotin,"  but  it  is  stated  that  with  a  weaker  solution  of  indi- 
gotin a  smaller  amount  of  permanganate  is  consumedthan  is  indicated  by 
the  foregoing  équation.  In  the  directions  *  given  by  Eawson  occurs  the 
following  statement  :  "  each  ce.  of  NjbO  permanganate  [0-632  gram  per 
litre]  corresponds  to  0-0015  of  indigotin."  As  a  comment  on  thèse  direc- 
tions, it  may  be  observed,  of  Rawson's  statement,  that  "in  a  strong 

,.,.,.    „  ,,         1  ,.  indigotin  655        2-072  . 

solution  of  indigotin      the  relation  —  *=   —  =   .,-_   =  -^tôT 

°  permanganate        olb  1-U 

found  to  hold  good  ;  whilst  in  the  dilute  solution,   another  relation, 

^^^^g"^^"       =  ^^^Q  =  ^'^^^  ,  is  stated  to  exist.     It  seems,  there- 
permanganate         632  10 

*  "0-5  gram  of  indigotin  sulplionated  by  treatment  with  20  ce.  concentrated 
sulphuiic  acid,  dilute  with  water,  make  up  to  500  ce.  and  filter  if  necessary.  Of 
this  solution  take  25  ce.  or  50  ce.  in  a  porcelain  dish  to  which  are  added  250  e.c 
of  pure  water." 
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fore,  doubtful  wliether  the  oxidising  power  of  permanganate  should 
prove  to  be  so  much  greater  in  a  weaker  solution.  To  test  thèse 
statements,  a  solution  of  the  sulphindigotic  acid  was  made  from  the 
author's  pure  sublimed  indigotio,  and  its  analysis  effected  exactly 
according  to  Rawson's  conditions.  No  impurities  being  présent,  the 
end  reaction  should  be  sharp  and  easily  detected  (as  claimed  by  Rawson, 
loc.  cit.),  and  50  ce.  of  the  pure  sulphindigotic  acid  (  =  005  gram 
indigotin)  should  require  33'3  ce.  of  iV/50  solution  of  permanganate. 

It  was  found,  however,  that  no  definite  end  reaction  could  be  obtained 
relying  on  the  eye  alone,  even  when  the  titration  limit  had  been 
exceeded  by  the  addition  of  50  ce.  of  permanganate  solution,  and  when 
the  distinctly  l'ed  liquid  was  left  in  the  porcelain  dish  the  colour  due 
to  permanganate  soon  disappeared,  leaving  a  pure  yellow  solution.  To 
obtain  definite  évidence  of  the  continued  reaction  of  the  permanganate 
and  sulphindigotic  acid  beyond  the  limita  given  by  E,awson,  the  follow- 
ing  experiment  was  carried  out.  A  solution  of  potassium  iodide  was 
acidified  with  sulphuric  acid  of  the  strength  used  in  Rawson's  method 
of  titration.  This  solution  did  not  liberate  iodine  after  standing  in 
air,  for  it  remained  colourless  even  on  the  addition  of  starch  solution. 
But  this  acidified  solution  of  potassium  iodide  and  starch  was  found 
to  be  sensitive  to  the  addition  of  a  few  drops  of  a  potassium  permangan- 
ate solution,  so  dilute  as  to  be  almost  colourless.  With  the  aid  of  this 
iodide  solution  in  detecting  excess  of  permanganate,  it  was  proved  that 
although,  to  separate  portions  of  the  sulphindigotic  acid,  solution  xY/SO 
permanganate  was  added  until  the  liquid  was  distinctly  red,  the 
amount  being  far  in  excess  of  Rawson's  limit,  yet  the  solutions,  after  a 
few  minutes'  standing,  gave  no  indication  of  the  présence  of  excess  of 
permanganate,  whilst  their  colour  had  reverted  to  pure  yellow.  Thus 
the  failure  to  detect,  by  the  eye,  a  definite  termination  of  the  reaction 
was  explained.  The  futility  of  this  process  was  revealed  by  another 
mode  of  experiment. 

A  solution  of  sulphindigotic  acid  was  made  from  pure  indigotin 
(obtained  by  sublimation,  see  p.  983),  observing  Rawson's  conditions  of 
concentration  (see  p.  984). 

Three  portions,  of  50  ce  each,  of  this  solution  (  =  0-05  gram 
indigotin)  were  added  to  an  excess  of  iV/50  potassium  permanganate 
solution,  150  ce.  being  employed  in  each  case,  and  to  each  was 
then  added  250  ce  of  a  2  per  cent,  solution  of  pure  sulphuric 
acid. 

In  each  of  thèse  solutions,  after  1,  15,  and  30  minutes  respectively, 
the  excess  of  potassium  permanganate  was  estimated  by  the  libération 
of  iodine  from  potassium  iodide  and  its  titration  by  sodium  thio- 
sulphate  with  starch  as  indicator. 

The  results  obtained  were  as  foUows  : 
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(«)  50  ce.  soin.  Sulphindigotic  acid  =  61-27  ce.  NjbO  KMnO^, 
after  1  minute. 

(6)  50  ce.  soin.  Sulphindigotic  aeid  =  82 '77  ce.  iV/50  KMnO^, 
after  15  minutes. 

(c)  50  ce.  soin.  Sulphindigotic  acid  =  98-42  ce.  iV750  KMnO^, 
aftei-  30  minutes. 

Hence,  although  the  indigotin  value  was  the  same  in  each  experi- 
ment  (50  ce.  =0-05  gram  indigotin),  theamount  of  permanganate  con- 
sumed  increases  with  the  duration  of  the  experiment.  Now  if 
llawson's  value  for  the  permanganate  solution  at  tlie  concentration 
prescribed  by  him  be  accepted  as  correct  (1  ce.  ^/50  KMnO4  =  00015 
gram  indigotin),  then  the  results  above  quoted  will  work  out  as 
follows  : 

(a)  Af ter  1  minute    =0-091  gram  indigotin. 

\b)     „     15  minutes  =0-124       „ 

(c)     „     30       „         =0-148       „ 
Whereas    the  quantity  of  indigotin  involved    was    0-05    gram    in  ail 
three  cases.     Accordingly,  the  degrees  of  error  involved  will  be 

(a)  =  +  182  ;  [b)  =  +  248  ;  (c)  =  +  296  per  cent., 

the  amount  of  indigotin  actually  présent  (0-05  gram)  being  taken  as 
100-00  per  cent. 

The  author  maintains,  therefore,  that  the  method  for  analysis  of 
indigo  by  sulphonation  and  titration  with  solution  of  potassium  per- 
manganate as  at  présent  condacted  is  altogether  useless  and  mislead- 
ing,  even  vvhen  pure  indigotin  is  available  and  when  the  conditions  of 
similar  concentration  can  be  observed.  For,  as  lias  been  shown,  the 
oxidation  is  a  progressive  action,  the  end-point  is  at  no  time  definite 
and  sharp,  and,  by  altering  the  conditions  of  experiment,  errors 
varying  from  + 182  to  +296  per  cent,  can  be  obtained  by  it. 

That  a  definite  pronouncement  is  needed  on  the  errors  of  the  per- 
manganate process  for  indigo  analysis  is  shown  by  the  publication  of 
two  papers  at  dates  subséquent  to  the  contribution  of  this  paper  to  the 
Society  {Proc,  1904,  20,  159).  Bergtheil,  on  "The  Fermentation  of 
the  Indigo-plant  "  (Trans.,  1904,  85,  870),  employs  the  permanganate 
process  on  which  to  base  ail  numerical  data  for  enzyme  action,  and 
Grossmann,  "  An  Improved  Method  of  Indigo-testing  "  {Journ.  Soc. 
Chem.  Ind.,  1905,  24,  308),  recommends  a  slight  modification  of  the 
permanganate  process.  It  is  the  author's  intention,  with  the  aid  of  the 
pure  indigotin  now  so  readily  obtained,  to  proceed  with  an  examination 
into  the  accuracy  of  the  other  processes  recommended  for  the  analysis 
of  indigo,  for  until  an  accurate  analytical  method  (or  methods)  shall 
hâve  been  established,  further  progress  in  the  many  difficulties  attend- 
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